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Preface 

  
Atomic fluorescence light popularizing a new trace analysis techniques, from the 

light-emitting mechanism of view is a form of emission spectrometry; However, there are 

many similarities with atomic absorption analysis, atomic emission spectrometry and 

atomic CDA absorption spectroscopy. 
After nearly 30 years of development, the method has become increasingly mature, 

many new technologies have been successfully used in atomic fluorescence 

spectrometer.Atomic fluorescence spectrometer is a unique Chinese products, with 

completely independent intellectual property rights, because of its higher sensitivity, 

the detection limit is low, simple spectrum, high atomization efficiency, wide linear 

range, multi-element, while Determination and valence analysis advantage.Been widely used 
in environmental monitoring, health and epidemic prevention, food hygiene inspection, 

pharmaceutical inspection, the inspection of the city water supply and drainage, 

cosmetics testing, clinical medicine sample inspection, metallurgical samples, teaching 

research. 
PF6-1, PF6-2, PF6-3 and PF6-M series models such as Beijing Purkinje General 

Instrument Co., Ltd. to produce atomic fluorescence spectrometer, has been widely selling 
more than 10 countries and regions, the majority of users of its superior performance 

affirmed.Its level of technology and performance has been in the leading position.By many 

users asked us to edit the Atomic Fluorescence Spectrometry Analysis Handbook. 
This manual is just the analysis of the instrument I use for the majority of workers 

provided a reference book, but the instrument environment in which to analyze samples of 

different instrument conditions there are also differences, so we can not stick to the 

instrument manual conditions, the user also needs depending on the experimental 

conditions, to find the best conditions for their own analytical work. 
Of level editing time rush, inevitable error, welcome criticism. 
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An arsenic (As) 

1.1 physical parameters 

Atomic weight: 74.922 
Ionization energies: 9.80 eV 
Hydride dissociation energy:                               4.9 eV 
LEVEL (eV) Wavelength (nm) 



189.04 0.000 - 6.557 
193.76 0.000 - 6.398 
197.26 0.000 - 6.285 
228.81 1.353 - 6.770 
234.98 1.313 - 6.588 
238.12 1.353 - 6.557 
245.65 1.353 - 6.398 
249.29 1.313 - 6.285 
274.50 2.255 - 6.770 
286.04 2.255 - 6.588 
289.87 2.312 - 6.588 
303.28 2.312 - 6.398 

1.2 standard stock solution 

(1) standard stock solution (1mg/ml): Accurately weigh the solid powders 1.3203g take As 
2 O 3, was dissolved in 3ml 8mol / L HCl solution, and then diluted to 1000ml; for processing 
oxide, 2g NaOH dissolved in 20ml of water, and dilute to 200 ml, and then neutralized with 
HCl (PH meter) and finally diluted to 1000ml. 

(2) or standard stock solution provided by the National Research Center. 
(3) the arsenic standard series configuration, excellent pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid (ml) 

Add 10% thiourea, or
(5% thiourea +5% 
ascorbic acid) (ml) 

Add to the 

arsenic 

concentration of 

stock solution 
(0.1mg / L) 
(Ml) 

Fixed 

volume 
(Ml) 

Solution 

degree 
(Ug / L)  

Std0 10 10 0 100 0 
Std1 10 10 1 100 1 
Std2 10 10 2 100 2 
Std3 10 10 4 100 4 
Std4 10 10 8 100 8 
Std5 10 10 10 100 10 
Single standard automatic curve 
Std5 10 10 10 100 10 
  
Notes: 

1,     Inorganic arsenic trivalent and pentavalent instrument can only be measured 

trivalent arsenic plus thiourea and ascorbic acid is reduced to trivalent arsenic to 

pentavalent arsenic for anti-jamming. 
2,     Thiourea is very bad melt, especially in a relatively low temperature environment, the 
preparation can be heated by an electric furnace for melting. 
3     Have ample reduction time. Summer in more than 30min, winter, depending on the regional 
temperature, prolonged reduction time. 



4     Hydrochloric acid are generally the existence of a certain content of arsenic, the purity of the 
hydrochloric acid in order to reduce the blank, should be noted. 

(4) the standard curve (for example) 

 

1.3 standard analysis conditions 

Reducing reagent:                                       1.5% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Trivalent 
Standard acidity:                                       5-10% (V / V) 

HCl 
Carrier liquid: 2% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 2 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Atomic furnace height: (mm)                 8 
Ignition way: Ignition 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 30 
A (B, C) Road, auxiliary lamp current (mA) 30 



1.4 Samples Summary 

Water samples: 
Thiourea was added to the samples had previously been acidified with 3mol / L HCl 

aqueous solution (5%) - ascorbic acid (5%) of the mixed reagent, to begin with AFS sample 
detection. 
Metal or alloy samples: 
After the sample is dissolved, adjust the acidity of the solution with HCl to 3mol / L. 

Adding sufficient thiourea (5%) - ascorbic acid (5%) depending on the element content 
in the mixed reagent is placed can be detected after 10 minutes. 
Geochemical samples: 

After the sample with the king treatment into a concentrated solution is evaporated 

at a low temperature, and then it is transferred to a volumetric flask with 3mol / L HCl, 
and depending on the element content, adding sufficient thiourea (5%) - ascorbic acid (5 %) 
mixed reagent, dilute to the mark. (The final acidity of the solution should be greater 

than 2.5 mol / L) analysis of this sample after 10 minutes. 

1.5 Interference and Elimination 

Cu, Co, Ni, etc. As element will interfere with detection, these interferences can be 
eliminated by adding thiourea (5%) - ascorbic acid (5%) mixed solution.When HCl 
concentration of more than 2.5 mol / L, thiourea can also play the role of a reducing agent, 
will restore the pentavalent arsenic to trivalent.Other hydride-forming elements, in the 

content thereof is not more than 10 μ g / ml of the case does not affect detection of As.The 
high content of Sb can cause gas interference, which can be formed by bringing hydride by 
absorbing liquid containing KMnO 4 eliminated. 

If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 

1.6 Application method compilation 

Determination of trace amounts of inorganic arsenic 1.6.1 food of animal 

origin 

  
First, the method summary 



Food of animal origin 6mol / L hydrochloric acid solution, after microwave extraction 
of inorganic arsenic in the form of chloride is extracted, hydride generation atomic 

fluorescence spectrometry determination of trace amounts of inorganic arsenic.The 

detection limit of the method: 0.25mg/kg (0.5g); recovery was 93.5% -103%.This method is 
suitable for the quality control of food of animal origin. 
Second, reagents 

The clams, Son, chicken liver, oysters flavoring, seaweed flavoring, crab are 

submitted sample.  
Hydrochloric acid (36%); hydrochloric acid solution (1 +1); hydrochloric acid solution (V / 
V) 15%; potassium hydroxide solution solution of potassium borohydride (5g · L 

-1);
 

(20g · L -1)); potassium (7g · L -1)), thiourea mixture (50g · L -1)); n-octanol.These reagents were 
excellent pure or analytical grade.The arsenic standard stock solution (1000ug · mL -1, 

National Steel material test and Steel Research Institute).Arsenic standard solution: 
standard working solution in the preparation of the points were added lmI potassium 
mixture of a thiourea, 1 drop of n-octanol and then serially diluted concentration of 15% 

hydrochloric acid for 1-80 UG · mL -1; water used was deionized water.Glassware with 50 
nitrate soaked 24h. 
Milestone ETHOS PI US microwave digestion system (Italy Maier) 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

Saying about 0.500 to 1.000g homogenates or research into a powder sample in PTFE tank, 
moistened with a small amount of water samples.Liquid samples Weigh about 2.500 
g.Hydrochloric acid were added 20ml (1 +1), and gently shaken.The cover sleeve tighten, 
and placed in a microwave digestion instrument, 60 ° C or extracted 3h, cooled, and 
quantitatively transferred to 25mi graduated tube, a constant volume with 1 +1 hydrochloric 
acid.If turbid, supernatant.Take 4ml 10ml colorimetric tube, the solution of potassium 
iodide a thiourea the mixture ImL, octanol drop of constant volume with water, shake it 
well.With doing the reagent blank. 
20min after the instrument operating conditions were measured. 
V. Results and Discussion  
5.1 Sample pretreatment conditions of selection 
Table 1 microwave extraction conditions 

Procedure Time (min) Temperature： ℃ 
Warming up 1 
Warming up 2 
Warming 3 
Warming 4 

2 
60 
120 
- 

60
60 
60 
0 

  
Separation of inorganic arsenic in the common food vacuum distillation and water bath  
Extraction.Also reported in the literature, by digestion of the sample after a certain 

amount of activated carbon to adsorb organic arsenic, After filtration, the argon with 

potassium iodide, chloride, tin High arsenic reduction of the trivalent arsenic was 
measured.These methods, various devices, using large number of reagents, time consuming, 

relatively cumbersome steps.This paper in 6mol / L hydrochloric acid solution.Microwave 
extraction.The sample in the microwave effect can accelerate the movement of molecules in 



the shortest possible time to extract more completely.Matrix interference is more serious 

in view of the more types of food of animal origin, the concentration of hydrochloric 

acid solution from the Change between the 1 - 8moI / L, extraction time is from 1 - 20h Test, 
optimizing the pre-treatment conditions for 6mol / l hydrochloric acid, 60 C microwave 
extraction 3h, as shown in Table 1. 
5.2 coexisting elements of interference 
Studies interfere with the determination of inorganic arsenic, taking into account the 

energy generated hydrides of elements and may be present in food of animal origin yuan  
Prime, select 10ng · mL -1 arsenic were added to Sn (300ng · mL 

-1),
 Cu (3000ng mL 

-1),
 Sb 

(50ng · 
mL -1), Zn (2000ng · mL -1), Hg (50ng · mL -1), Ca (300ng · mL -1), Cd (20ng · mL -1), Pb (200ng · 
mL -1), the determination of non-interference (relative error <± 1 0).That the anti-
interference ability of this method.The tests also showed that the Potassium mixed 

solution of thiourea are added in the reaction, either as a pre-reducing agent, can also 

be used as a masking agent for masking interference of some ions.  
5.3 defoamer 

Extract of food of animal origin.There will be the presence of a small amount of 

organic material, thus changing the surface activity of the solution.The bubble generated 

during the reaction, will contaminate the piping, the false signal.To prevent this from 

happening, in the test solution to be added a certain amount of n-octanol, changing the 

surface tension of the solution, to prevent bubble generation.The experiment proved plus 
1 - 2 drops of n-octanol to eliminate interference.Octanol add too much, it will produce 
stratification affect the test results.Thus, in the category of the sample extract 

solution, the amount of the antifoaming agent should be suitable.  
5. 4 sample test results 

Application of this method to the determination of inorganic arsenic clams State and 

other food of animal origin, and the results are shown in Table 3. 
Table 3 sample test results 

Sample Name Inorganic arsenic

(mg / kg) 
(The Act ") 

Inorganic arsenic (mg 
/ kg) 
(GB) 

The relative 

standard 

deviation 
(RSD.%) 

Clams 
Son 
Chicken 

livers 
Oyster 

flavoring 
Seaweed 

flavoring 
蟹 Crab 

0.35 
0.50 
0.29 
0.87 
4.5 
- 

0.39
0.52 
0.26 
0.93 
3.5 
- 

7.6 
2.8 
7.7 
4.7 
1.8 
- 

  
The experimental results show that, due to the growth environment, the consumption of 

feed and influence to make some food of animal origin contain a certain amount of 

inorganic arsenic, such as clams, lice, chicken liver, oysters, seasonings, etc..Bearing 

<1mg.kg -1 .The seaweed flavor materials, higher levels of inorganic arsenic, nearly half 



of the total arsenic content.Crab total distressed content Notwithstanding 58mg.kg -1, but 
inorganic arsenic was not detected.Therefore, the establishment of this method, not only 

for the correct evaluation of animal origin food security provides a scientific basis, 
and also provide a fast and accurate analytical methods for quality control of food of 

animal origin. 
Six, methods sources 
Spectroscopy Laboratory 23, 4 July 2006 

1.6.2 alkaline mode hydride generation atomic fluorescence spectrometry 

determination of arsenic in iron ore 

  
First, the method summary 

Alkaline mode hydride generation atomic fluorescence spectrometry determination of 

iron ore in the arsenic instruments and experimental conditions.Digested by microwave 

sample decomposition, in the presence of thiourea and L-cysteine (V) is restored to the As 
(III), as a medium to l mol / I KOH, 0.75 mol / LH 3 P0 4 As the carrier, atomic fluorescence 
spectrometry determination of arsenic in the sample.The detection limit of 0.35 g / L, RSD 
between 2.0% and 9.4%, the recoveries of 95% to 103%.Standard samples were analyzed 
verify the results with the certified values.Applied to the determination of the iron ore 

samples with satisfactory results. 
Second, reagents 

Arsenic hollow cathode lamp (Beijing Vacuum Electronics Technology Institute); 
The FR - l full PTFE pressurized microwave digestion vessels; 
WD700 (MG-5082M) Microwave (LG Electronics Tianjin Appliance Co., Ltd.); 
HC1 (36%, excellent pure); H 2 SO 4, HNO 3, HF 
Potassium borohydride (KBH 4) solution: 10 g / L, 20g KBH 4 was dissolved in 200mL KOH 
solution (0.1 mol / L) in use now with: 
Arsenic standard stock solution: 1 g / L, said arsenic trioxide was dissolved 1.320 g of 
(25 mL) 200 g / I Koh solution, to 20% H 2 SO 4   Diluted to 1000 mL, shake, using serial 
dilutions necessary derived.Thiourea; L-cysteine; 50% triethanolamine. 

Third, the test conditions 
See arsenic standard analysis conditions 

4, experimental methods  
4.1 Sample decomposition weighed 0.3 g (accurate to 0.000 1 g) sample, add 5 mL of HNO 3, 2mL 
HC1, 1 mL of HF digestion tank full PTFE, tighten the lid, shake and let stand overnight.In 
50% microwave power Digestion 6 min, in a microwave power of 70% at 10 min digestion, the 
digestion in the microwave power of 100% for 6 min, removed, cooled to room temperature, 10 
mol / L KOH 10 mL After cooling the shifted into a 50 mL capacity bottle, diluted with 
deionized water to the mark.Blank test using the same steps.Determination on the machine, 

to learn the supernatant.  
4.2 standard curve the arsenic standard stock solution was diluted to different 
concentrations of the standard series, accurate pipetting arsenic standard solution in 
100 mL colorimetric tube, add 2 g of thiourea, 0.5 g L-cysteine, placed 15 min with 1 mol / L 



KOH solution to adjust the pH of the solution to 10, diluted with water to volume, mix, 
then add 10g / L potassium borohydride 10 mL to 0.75 mol / LH 3 PO 4 Solution as the carrier 
stream, the fluorescence intensity of the determination on the machine arsenic, in order 

to select the best instrument working conditions and other reagents conditions. 
The 4.3 sample decomposition method in this experiment were digested by microwave 
decomposition of the sample, the test HNO 3 - HF, HN O 3 - HCl, HF - HC1, HNO 3 a HC1 HF, 
HNO different acid systems digestion effect, the results show that, HNO 3 Sample can not 
completely remove it, HNO 3-HF, HNO 3-HC1, HF - HC1 system long digestion time and large 
amount of acid consumption, and HN O 3 HCI - HF system in a relatively short period of 
time the sample is completely digested. 
4.4 selection of microwave digestion procedure for 0.3 g sample, add 5 mL HNO 3 , 2 mL HC1, 1 
mL HF, After standing overnight, through a different digestion procedure tests, the 
results showed that in 50% of the microwave power digestion 6 min, 10 min, digested in 70% 
of the microwave power in a microwave power of 100% Digestion 6 min, the best results. 
4.5 medium current carrying choice choose KOH as to be tested liquid medium, 0.25 ~ 2.5 mol / 
L KOH as the impact of the media on the fluorescence intensity of arsenic were tested, 
The results showed that the concentration of KOH in 0.5 ~ 1.0 mol / L, the fluorescence 
intensity stable.Selection of tests 1.0 mol / L KOH as a medium.Test HC1, HNO 3, H 3 PO 4 The 
results show that as the carrier of arsenic fluorescence intensity sensitivity descending 

order of H 3 PO 4 , HC1, HNO 3, background values to less followed by HC1, H 3 PO � , HNO 3, 

experiments of suppressing the interference elements considered, choose to 0.75 mol / LH 3 
PO 4 as a carrier. 
V. Results and Discussion  
In the 4.1 draw 10 mL of the supernatant at 100 mL colorimetric tube, before adding 10 mL of 
0.75 mol / LH 3 PO 4, then add 2 g of thiourea processed sample solution, 0.55 g L-cysteine, 
place 15 rain, plus methyl orange drops, with 1 mol / L KOH adjust to yellow and excess 2 
drops, shake, set the volume.Finally, adding 10 mI 10g / LKBH 4 Determination of 
experimental conditions, according to the selected mode simultaneous determination 

acidic.Recovery test: to take Mine sample was added to the arsenic standard solution, the 

determination of recovery, the results are shown in Table 1. 
Table 1 Recovery Trial 

Sample Original 
m 0 / mg 

Added
m A / mg

Found
m F / mg

 

2005T0621 
  
2005T0517 

0.026 
  
0.046 

0.005
0.010 
0.005 
0.010

0.031 2
0.035 5 
0.051 3 
0.055 7

104 
95 
106 
97. 

  
Six, methods sources 
Analysis and testing of the first 25 6 November 2006 



1.6.3 hydride generation atomic fluorescence spectrometry determination of 

arsenic content in water treatment agent PAC 

  
First, the method summary 

Thiourea-ascorbic acid mixture to sulfuric acid pretreatment samples prereduced As (V) 
to As (III), hydride generation atomic fluorescence spectrometry determination of arsenic 
content in the PAC.The results showed that the recovery was 92.31% 105.10% 2.37% 5.55% 
relative standard deviation. 
Second, reagents  
Electric heated water bath; purity argon water; highly purified water.  
Arsenic standard solution: 100 mg / L, the national standard material research center. 

Arsenic standard solution: p (As): 1.000 mg / L, 5 mL 100 mg / L arsenic standard lessons 
in a 500 mL volumetric flask (pre plus high-purity water), with a small amount of high-
purity water will wash bottle wall, add 50 mL of 9 mol / L sulfuric acid (GR), (H 2 S0 4) = 
5%. 

Sulfuric acid (GR): c ((H 2 S0 4) = 9 mol / l. 
50 g / L thiourea +50 g / L ascorbic acid mixture: Weigh 5 g of thiourea to 100 mL of water 
dissolved in a little heat, after cooling, 5 g of ascorbic acid and dissolved, stir. 

Potassium borohydride: KBH 4 = 20 g / L (5 g / L KOH solution), and 6 g KBH 4, dissolved in 300 
mL 5 g / L KOH solution. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  
4.1 calibration curve produced in a series of 50 mL colorimetric tube was added a small 
amount of water, and then added to 0.0, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 7.0 mL arsenic 
standard solution, add water to 25 mL .Add 5 mL of sulfuric acid, a mixture of 5 mL 
thiourea - ascorbic acid, and then set the volume to 50 mL, shake [standard series ρ (As) 
were 0.0, 20.0, 30.0, 40.0, 60.0, 80.0, 100.0, 140.0 ug / L], and leave it for about 30 min, 
and samples with determination on the machine. 
4.2 sample measurement procedure 
① Sample preparation: according to GB 15892 - 2003 method.Said about 10 g liquid sample or 
3.3 g solid sample, accurate to 0.01 g, placed in a 100 mL evaporating dish.Add 10 mL of 
sulfuric acid solution, evaporated to near dryness in a boiling water bath for cooling 

and dissolved in hot water (if any insolubles removed by filtration), and then shift to the 
100 mL volumetric flask, constant volume, shake, pretreatment solution. 
(2) SPECIMENS: Pipette 10mL pretreatment solution at the 50mL colorimetric pipe, add 
water to 25 mL, 5 mL of sulfuric acid, ascorbic acid, a mixture of 5 mL of thiourea, and 
then set the volume to 50 mL measuring liquid, shake, place After about 30 min, the working 
conditions that set the instrument on the machine measured determination step reagent 

blank test. 
V. Results and Discussion 

Sample measurement results and spiked recovery test  



By experimental methods for sample measurement, the sample was added at the same time 

a certain amount of arsenic standard solution, and subjected to a spike recovery test, 

the results are shown in Table 1. 
Table 1 PAC arsenic determination results and recoveries 
Sample 

No. 
Determination 

of the number 

of times 

Measured 

values 
RSD /%) Plus 

scalar 
/% 

Determination 

of gross /% 
Recoveries
/% 

1 
  
  
2 

10 
  
  
10 

0.000 14 
  
  
0.000 09 

2.37
  
  
5.55 

0.000 20
0.000 25 
0.000 30 
0.000 10 
0.000 20 
0.000 30

0.000 35
0.000 41 
0.000 45 
0.000 19 
0.000 28 
0.000036

102.9 
105.1 
102.3 
100.0 
96.55 
92.31 

The results showed that, using hydride generation atomic fluorescence spectrometry 

determination of arsenic in water treatment agent PAC, the results are satisfactory, the 

method is simple, fast, with good accuracy and precision, fully applicable to the 

determination of the polymerization chloride The aluminum content of arsenic. 
Six, methods sources 

Trace Elements Science 13 5 

1.6.4 hydride generation atomic fluorescence method simultaneous 

determination of consumption of arsenic and mercury in the milk 

  
First, the method summary 

This article by hydride generation atomic fluorescence spectrometry determination of 

arsenic and mercury in the food bagged milk.Determine the optimum conditions of the 

instrument, acid medium, potassium borohydride concentration measurement results.Selected 

operating conditions, the detection limit of As: 0.235ug / L and Hg: 0.025 ug / L, the relative 
standard deviation for the As: 1.9% and Hg: 1.6%. 
Second, reagents 

Nitric acid, sulfuric acid, perchloric acid; hydrochloride (excellent pure Tianjin 
Reagent Factory); 

Potassium borohydride solution (2.0%, W / V): Weigh 4.00g of potassium borohydride 
(Tianjin Damao chemical instrument supply station), dissolved in 200m1 0.5% potassium 
hydroxide (KOH) solution, shake, Pro now equipped with before; 

5% thiourea, a mixture of 5% ascorbic acid: Weigh 5.00g thiourea, 5.00g of ascorbic 
acid in 150ml beaker, Add 100 ml of deionized water and dissolved, before use now equipped; 

Arsenic standard stock solution (1.0mg/ml, self-made); mercury standard stock solution 
(1.0mg/ml, self-made); 

Arsenic, mercury standard solution (As: 1.0ug/ml, Hg: 0.5ug/ml, self-made). 
Above reagents were of analytical grade, unless otherwise specified, the water is 

deionized water. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  



4.1 mixed standard preparation 
Respectively absorb arsenic, mercury standard solution in a 50 mL volumetric flask, 

volume (m1) is as follows: 0.00, 0.25, 0.50, 1.00, 1.50.Equivalent to arsenic (Ug / L): 0.00, 
5.00, 10.00, 20.00, 30.00; mercury (ug / L): 0.00, 2.50, 5.00, 10.00, 15.00, mixed standard 
solution.Plus on 5.0mL thiourea an ascorbic acid solution, and then washed with 5% 

hydrochloric acid solution 
Constant volume, shake, after 30min placed under test. 

4.2 sample digestion 
Sampling 5.00 g, placed in a 250 ml Erlenmeyer flask, add nitric acid 20 ~~ 30ml 1.25ml 

sulfate, after shaking overnight, placed on a hot plate heated digestion (high 
temperature to avoid).Processing of digestion solution to 10ml become darker in color, the 
coolish solution grease-like substance, supplemented with the right amount of mixed acid, 

continue heating so three still grease-like substance, add a drop of perchloric acid 

solution was heated digestion to colorless transparent.Cooling, add water, 25ml, and then 
evaporated to take best white smoke cooled.Water bottle solubles quantitatively 

transferred to 25 ml volumetric flask, during which add a little thiourea, ascorbic acid 
mixture of 5% hydrochloric acid constant volume to volume, and mix.At the same time to 

do two reagent blank.30min after placement, under test. 
V. Results and Discussion  

Recovery test: in the linear range, the standard solution of different concentrations 
of the same sample, and the recovery was measured.The arsenic recovery rate of 90.7% to 
104.0%, mercury recovery rate of 95.4% to 106.2%. 
Six, methods sources 

Modern Food Science and Technology  

1.6.5 hydride generation atomic fluorescence spectrometry determination of 

arsenic poly aluminum chloride 

  
First, the method summary 

Polyaluminum chloride in drinking water is a common water treatment agent, GB15892 - 
2003 Determination of arsenic poly aluminum chloride for the DDTC the silver salts Law and 
Gutzeit method, two methods are classic, stable and reproducible good, but its steps are 

more cumbersome, more reagent, and the reagent of trichloromethane laboratory personnel 

have greater toxic effects.This paper trial hydride generation atomic fluorescence 

spectrometry determination of arsenic in the poly aluminum chloride, and achieved 

satisfactory results. 
Second, reagents 

Hydrochloric acid, sulfuric acid, potassium hydroxide and other reagents were of 

superior grade pure; 
20 g / L of potassium borohydride solution: Weigh 2.0 g of potassium borohydride 
dissolved in 5 g / L potassium hydroxide solution, and set the volume to 100 m1; 50 g / L 
thiourea solution; sulfuric acid (1 +1) solution; solution of sulfuric acid (1 +9); 
Arsenic standard stock solution: 250 ug/m1; the arsenic standard application solution: 

1ug/m1. 



Used than the color tube straw and other glassware are soaking solution (HNO 3) = 5%] 
soak for at least 24 h, with distilled, deionized water rinse, dry spare. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Sample pre-treatment: Weigh 10.0 g liquid or 3.3 g solid sample, accurate to 0.01 g, 
placed in a 100 ml evaporating dish, adding sulfuric acid solution (1 +1) 10 ml evaporated to 
near dryness in a boiling water bath for cooling (if any insolubles filtered to remove 
dissolved in hot water), and then transferred to a 100 ml flask, diluted with water to the 
mark, shake, DUT. 

Preparation of 4.2 of the standard curve 
Take 25ml colorimetric tube 5, in turn accurately added 1 ug / ml of arsenic standard 
solution 0.0, 0.05, 0.2, 0.5, 2 .0 ml (each equivalent to arsenic concentrations of 0, 2, 8, 
20, 80.0ng/ml) , each added sulfuric acid (1 +9) l2.5 ml, 50 g / L thiourea solution of 2.5 ml, the 
addition of water to the mark, and mix under test. 

4.3 Determination of samples: Pipette 10.0ml sample treatment solution in 25 rnl 
colorimetric tubes, plus a sulfuric acid solution (1 +9) 12.5 rnl, 50 g / L thiourea solution 
2.5 rnl mix DUT. 
V. Results and Discussion  

5.1 recovery test 
Take 3 samples were added to 4, 20, 80 ng/m1 the arsenic standard solution spiked 

recovery test, the recovery rate of 101.4% and 104.5%, respectively, measured results are 
shown in Table 1. 
Table 1 recovery test results 

Sample 

ID 
Background 

values 
(Ng / ml) 

Plus scalar

(Ng / ml) 
Spiked value

(Ng / ml) 
Recoveries 
(%) 

1 
2 
3 

14.61 
31.82 
3.92 

4
20 
80

18.75
52.72 
85.04

103.5 
104.5 
101.4 

5.2 Summary 
Hydride generation atomic fluorescence spectrometry distinct advantage to make up for 

the deficiencies of the silver salt method, to save time, improve the sensitivity.Gaseous 

hydride atomic fluorescence spectrometry using a gas-liquid separation device, the 

arsenic formed the sample matrix separation greatly reduce matrix interference, therefore, 

the method is worth promoting. 
Six, methods sources 

Chinese Journal of Health Laboratory in November 2005 15 11 

1.6.6 hydride generation atomic fluorescence spectrometry determination of 

arsenic in human hair content 

  
I.         Method Summary 



Create a fast and accurate determination of hair arsenic content of human hair by 
HN03-HC104-HESO4 mixed acid digestion, hydride generation electric hot plate after the 
heat treatment, the application in 5% hydrochloric acid acidity.Atomic fluorescence 
spectrometer (HG-AFS) determination of human hair arsenic content.The arsenic 
concentration in the range of 0 ~ 200L inside a good relationship, r ≥ 0.9995.Determination 
of high, medium and low Three concentrations of standard solution of 15 times, the 
relative standard deviations were 1.00%, 1.3%, 1.9%, and the recoveries were 94.41%, 94.91% 
and 101.17%, respectively.Sample the national standard substances Center (GBW09101) 
parallel determination results are within prescribed limits; detection limit of 0.0728 ug / 
L; the Hair zn, cu, Fe, Mn ions on the determination of hair arsenic content has no 
significant impact.The treated samples 4 ℃ refrigerator or 20 ° C room temperature, can 
be stably stored for a week.Application of the 187 workers undergo four years of a smelter 
hair arsenic content was measured, the test results of 0.002 to 5.77 g, an average of 0.5 g, 3 
human hair arsenic levels higher than 5ug / g normal reference values.Conclusion 
Determination hair arsenic content, with good precision, low detection limit, wide linear 

range, the less interference, is very practical, high efficiency and low energy 

consumption analysis techniques, suitable for high-volume kind of fast determination. 
Second, reagents 

The water used in the experiment are quartz distiller obtained sub-boiling water; 
Nitric acid, sulfuric acid, perchloric acid (3: 1: 1), preferably pure; volume fraction 

of 5% hydrochloric acid solution, excellent pure; 
Potassium borohydride solution: mass fraction of the preparation of 0.5% potassium 

hydroxide solution of mass fraction of 5% of the potassium borohydride solution; 
Thiourea mass fraction of 5% + 5% ascorbic acid mixture: Weigh 5 g of thiourea, 5 g of 

ascorbic acid in a 100 ml the alkylene boiling dissolved; 
Arsenic standards dope: 1000ug/ml (National Research Center); arsenic standard solution 

(100 ng / ml): Imbibe stock solution 1 ml, the volume fraction of 5% hydrochloric acid given 
volume to 100 ml by serial dilution to 100 ng / ml. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 sample pretreatment 
Take people behind the occipital Sample Ex-foam using 1% the detergent soak Sample 4 h, 
then washed with tap water and washed with distilled water, sub-boiling water washing, 

then wash the hair sample is placed about 2 g; 100% of the oven drying.Accurately weigh 
hair samples taken after drying 0.5 g in 100 ml Erlenmeyer flask, add HNO 3-HC1O 4-H 2 SO 4 
mixed acid 3 ml plastic wrap sealed bottle, placed in human hair is the nitrification 
brown transparent liquid so far.The dissolved hair sample placed in the heating of the 

hot plate (Electric plate temperature of 140 ° C), removed about remaining 0.5ml colorless 
transparent liquid (if the heating process, the solution is always maintained brown 
unchanged or a brown paste, can be added to a small amount of the mixed acid and heating 

was continued), coolish , by adding a small amount of 5% hydrochloric acid solution was 

dissolved, and the volume fraction of 5% hydrochloric acid several digestive juices into 

a 5% ascorbic acid 15 ml colorimetric tube, adding 1 ml 5% thiourea mixture, washed with 5% 

hydrochloric acid to volume, and mix to the determination on the machine.Each measurement 

to be done to the blank control. 
4.2 arsenic standard series 



Absorb arsenic standard application liquid (100 ng/m1), 2.5, 5.0, 10, 20, 40ng/ml in 100 
ml volumetric flask, add 6 ml 5% thiourea -5% ascorbic acid mixture with 5% hydrochloric 

acid volume to scale, mix, preparation of arsenic concentration of 2.5, 5, 10, 20, 40 ng / 
ml of the standard solution. 
V. Results and Discussion  

5.1 standard substances measured according to the method of the center of the national 
standard material Sample (GBW09101) 6 parallel determinations, the results were 0.586, 
0.631, 0.533, 0.602, 0.647, 0.574 ug / g, mean to 0.596 ug / g found arsenic standard values 
(0.52 - 0.66ug / g). 

5.2 average recovery of three kinds of concentrations of arsenic standard solution 
recoveries were 94.41%, 94.91%, 101.17%.(Table 4) 
Table 4 recovery test ug / L 

Background 

values 
  

Mean The amount
  

Measured 

values 
 

Recoveries 
(%) 

14.2648 
  
  
  
13.9986 

  
  
14.1781 

10
10 
20 
20 
30 
30

23.7821
23.4560 
33.6229 
32.5976 
43.9962 
45.0622

96.04 
92.78 
97.22 
92.60 
99.39 
102.95 

Six, methods sources 
Chinese Journal of Industrial Medicine in December 2005 l8 6 

1.6.7 hydride generation - atomic fluorescence spectrometry determination of 

trace Potherb 

  
First, the method summary 

By hydride generation - atomic fluorescence spectrometry determination of trace 

arsenic in the wild mountains, the experimental conditions, the amount of arsenic homes 

to discuss the amount of potassium borohydride, acid medium acidity, temperature of the 

atomizer, carrier gas flow rate of 1.0 to 200 ug / L, a good linear relationship, the method 
detection limit of 0.08 ug / L.50g / L thiourea - 50g / L ascorbic acid for pre-reducing agent, 
measured six kinds of arsenic in the wild mountains, the recovery rate was 91.6% - 104.0%, 
the relative standard deviation of 1.4% to 2.1% (n = 8 ). 
Second, reagents 

Arsenic standard stock solution: 0.1000 g / L.Weigh Dried at 100 ℃ for 2 h, 0.1320 g As 2 O 3, 

plus 100 g / L NaOH 10 mL dissolved in water quantitatively transferred into a 1000 mL 
volumetric flask, add 25 mL of H 2 SO 4 Solution (1 +9), to the mark; 

Arsenic standard solution: 1.0 mg / L.Pipette 1.00 mL arsenic standard stock solution in 
a 100 mL volumetric flask, diluted with water to the mark, and this solution should be 
the date of preparation of use; 

Prereducing the antijamming agent: 50 g / L of sulfur urea - 50 g / L ascorbic acid mixture 
(volume ratio of 1: 1); 



KBH 4 solution: 20 g / L.Weigh 10.0 g KBH 4 500 mL of solution at 5 g / L KOH solution 
mix.This solution can be stored in the refrigerator for 10 d after removal shall be the 
date of use; 
HC1: 37%, excellent grade pure; 
HNO 3 : 65%, excellent grade pure; 
H 2 SO 4 : 98% excellent pure; 
Experiments in doubly distilled water; 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Sample Handling this experiment, HNO 3 A HC1O 4 mixed system digestion.Said learn 
1.0 - 2.5 g of the 100 ° C dry Potherb blank placed in a the moist washed first with dilute 
hydrochloric acid and de-ion 100 mL flask, while doing.Plus HNO 3 15 mL HC1O 4 1.25 mL 
shake and placed overnight, placed on a hot plate digestion.Digestion liquid treatment to 
about 10 mL still undecomposed material or color darkens coolish additional HNO ~~ l0 mL 
digestion to about 10 mL observed Repeat 2 or 3 times to be taken to avoid charring.Heating 
was continued to complete digestion, and then continued after evaporation to HC1O 4 White 
smoke cleared, cooling, add 25 mL of water and then steam until the solution is pale 
yellow or colorless.Cooling water contents were transferred to a 25 mL volumetric flask, 
add 2.5 mL pre reductant supplement to the mark with water.Shake spare. 

4.2 Working curve: lessons 0.0, 0.50, 1.00, 2.00, 5.00 mL arsenic standard solution 
were added to 50 mL volumetric flask, add 5 mL of pre-reduced anti-jamming agent, dilute to 
the mark with 4 mol / L HC1, the preparation of a series of arsenic The working standard 
solution, and draw the working curve, the use of arsenic in the measurement sample of the 

standard curve method 
V. Results and Discussion 

Sample analysis and spiked recovery test experimental methods, the optimal 

experimental conditions were measured six kinds of arsenic in the wild mountains, then 
spiked recovery test, results are listed in Table 1. 

Table 1 precision test results 
Sample Background 

values 
(Μg / ml) 

Plus scalar

(Μg / ml) 
Measured 

values 
(Μg / ml) 

Recoveries 
(%) 

RSD /% 

Bracken 
Red 

bracken 
Hazel 

mill 
Pine 

mushrooms 
Coprinus 

comatus 
Fungus 

2.40
1.90 
12.41 
11.82 
10.8 
15.63 

10.00
20.00 
25.00 
40.00 
15.00 
45.00 

12.18
21.94 
38.02 
51.00 
24.54 
62.43 

97.8
100.2 
102.4 
97.9 
91.6 
104.0 

1.5 
1.4 
1.9 
2.1 
1.8 
1.6 

  
Hydride atomic fluorescence method for the determination of trace amounts of arsenic 

in the wild mountains, is simple, fast, and less interference, the method can be as wild 

mountains of heavy metals arsenic content control measurement method. 



Six, methods sources 
Lu Guoliang: hydride generation atomic fluorescence spectrometry determination of 

trace arsenic in Potherb 

1.6.8 hydride generation atomic fluorescence spectrometry determination of 

arsenic, antimony and bismuth in copper concentrate 

  
First, the method summary 

In recent years more and more stringent requirements for the elements of harmful 

impurities in the copper concentrate.A direct impact on the quality of the finished 

copper cathodes due to the concentration of arsenic, antimony, bismuth, catalyst 

poisoning, but also used in the electrolysis process, reduce catalyst efficiency, pollute 

the environment and endanger the health of workers, trade contracts in copper concentrate 

them as fine elements.Spectrophotometry and ICP spectrometry, atomic fluorescence method 
is commonly used for the determination of arsenic, antimony, bismuth content in copper 
concentrate.These methods generally use as a carrier of iron or lanthanum analyte 

separation with copper, and then proceed to the determination of elements.But the 

analysis process is long, could easily lead to the loss of the tested elements 

separation.Acidity in the same major element matching this Act, that eliminate the 

interference of the main elements of the sample matrix and sample the same matrix 

elements in the standard series, pre-reduction with thiourea and ascorbic acid solution, 

control, consistent with the sample measured under the condition.The method is highly 

sensitive, easy to operate, good reproducibility, and the determination of copper 

concentrates with satisfactory results. 
Second, reagents 

Potassium borohydride solution: 20 g · L -1. Taken 20g potassium borohydride 
concentration of dissolved l000mL 5g · L -1 sodium hydroxide solution.Now equipped with; 

The thiourea ten-ascorbic acid solution: Weigh thiourea and ascorbic acid in l0g, 
soluble l00mL water.Now equipped with; 

1.0% copper solution: Weigh the high-purity copper (99.999% Shanghai Chemical Reagent 
Station) 1.00 g dissolved volume to join l0mI dilute nitric acid heated l00mI; 

Arsenic, antimony, bismuth standard stock solution (1000mg · L -1 national standard 
substances Center); 

The superior grade pure reagents were used in the experiments, the water are two 

deionized water; 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Standard Series solution preparation 
Not Kaki the the body copper standard series: the preparation of a 10% hydrochloric 

acid medium arsenic, antimony, bismuth standard solution series, concentrations of 0.0, 5.0, 
40.0, 80.0, 120.0, 160.0, 200.0ug / L, with a 1% thiourea + ascorbic acid solution pre-reduction. 

Baseplates of copper standard series: the preparation of a 10% hydrochloric acid and 
0.1% copper medium, arsenic, antimony, bismuth standard solution series, the 



concentration of 0.0, 5.0, 40.0, 80.0, 120.0, 160.0, 200.0ug / L, with a 1% thiourea + ascorbic acid 
solution pre-reduction. 

4.2 Sample handling 
Weigh the copper concentrate samples 0.2000g, wetting the sample with a small amount 

of water, added 5m1 hydrochloric acid, and 10 mL of of nitrate and lmI sulfate, cover the 
surface of the pan heated to dissolve.When the sample is completely dissolved, remove the 

watch glass, heated rush sulfuric acid to near dryness.6mol / L hydrochloric acid solution 
10mL residue was dissolved and transferred to a 50 mL volumetric flask, adding thiourea + 
ascorbic acid solution 5m1, diluted with water to the mark.Blank experiment. 
V. Results and Discussion  

Sample analysis results and recoveries:  
The experimental method was measured, the measurement results shown in Table 1, the 

actual sample of arsenic, antimony, bismuth. 
Table 1 of this Act GB Determination 

Determination 

of elements 
Sample GB Determination of the 

results content (%) 
Measurement 

results of this 

Law 
As 
  
Sb 
  
Bi 

South 

African 

miner 
Peru mine 
South 

African 

miner 
Peru mine 
South 

African 

miner 
Peru mine 

0.29
0.15 
0.025 
0.0092 
0.0052 
0.0011 

0.30 
0.15 
0.025 
0.0090 
0.0050 
0.0014 

  
Experiment, the South African mineral recovery and precision experiments.Amount of 

added arsenic, antimony, bismuth 400ug / L, 40/ug/L and 10 ug / L, the recovery results 98%, 
101% and 92%.The parallel sample measured seven times, the relative standard deviation 
(RSD = 4.4%), 2.7%, 5.5%. 

Other than copper in the copper concentrate, and also the presence of Pb, Zn, Ag, Au, 
Mg, Fe and other major elements.As, sb, Bi concentration was 50 ug / L 50 ug / L, and 25 ug / L, 
add 2000 ug / L of Pb 2 + , Zn 2 + , Ag 1 + , Au 2 +, and of Mg 2 +, Fe 3 + and other interfering ions, the 
measurement results of the relative standard deviation of less than 5%. 
Six, methods sources 

Spectroscopy Laboratory Volume 22, 6 November 2005 



1.6.9 hydride generation atomic fluorescence spectrometry determination of 

linolenic acid, linoleic acid, arsenic 

  
First, the method summary 

Objective: hydride generation atomic fluorescence analysis techniques linolenic, 

linoleic arsenic.Methods: The sample of nitric acid, perchloric acid digestion.The 

detection limit was 4.1 ng / g, measurement precision of 2.86% and 3.59%, the recovery rate 
of 96.5% l03.4%.The method is fast, accurate and reliable, meet linolenic acid, linoleic 
acid Determination of arsenic. 
Second, reagents 

The water used in the experiment are quartz sub-boiling double-distilled water; 

nitric acid, hydrochloric acid (superior grade pure), perchloric acid (analytical grade); 
thiourea, ascorbic acid, potassium hydroxide, potassium borohydride (> 98%) 
(analytical grade); ( analytical grade). 
Potassium borohydride solution (2%): (in preparation) was dissolved in 200 ml 0.2% 

aqueous solution of KOH was weighed 4.0 g of potassium borohydride; 
Thioureas, ascorbic acid mixed solution: Weigh 10 g of thiourea, 10g of ascorbic acid 

dissolved in 100 ml of water; 
Arsenic standard stock solution: Weigh accurately 0.1320 g of arsenic trioxide by 10 5 ℃ 

dried in a 100 ml beaker, add 5ml potassium hydroxide solution, 2.0 g / L, dissolved, add 25ml 
sulfuric acid solution (6 +94) into 1000 ml volumetric flask, diluted with water to the mark, 
and this solution containing 0.10 mg per ml of arsenic; 

Arsenic standard solution: Pipette 1.00 ml of arsenic standard stock solution in a 100 
ml volumetric flask,, plus l0ml hydrochloric acid, diluted with water to the mark, this 
solution per ml 1.00 Arsenic; 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 standard solution series: Imbibe arsenic standard application solution 0.00, 0.25, 
0.50, 1.00, l.50, 2.00, 3.00 ml in a 50 ml volumetric flask, add 5 ml of hydrochloric acid, 
5ml thiourea, ascorbic acid mixed solution of water diluted to the mark, the 
concentration was 0.00, 5.00, l0.00, 20.00, 30.00, 40.00, 60.00 ng / ml standard solution 
series. 

The 4.2 sample pre-treatment: Accurately weigh 1 g of sample in a 100 ml Erlenmeyer flask, 
add nitric acid, 15 ml perchloric acid 5 ml, soak for 4 h or overnight low temperature in the 
temperature-controlled electric furnace heating digestion sample to take perchlorate 

smoke, continue to heat 3 - 5 min, coolish, complement plus nitrate 5 ml sample to take 
perchlorate smoke reheating digestion, so repeated two or three times until the digestion 

solution to clarify the left about 0.5 ml (taken to avoid digestion occurred during Mars); 
cooling water flush sidewall, add hydrochloric acid 2.5 rnl, heated to boiling, cooling, 
transferred to a 25 ml volumetric flask, add 2.5 ml of thiourea, ascorbic acid mixed 
solution diluted with water to the mark, placed 30 to 40 min, the determination of arsenic 
used for atomic fluorescence spectrometer.Accompanying reagents for blank. 
V. Results and Discussion  



Determination of the sample and recovery experiments: 
Added 0.25 ml 1 ug / ml the As standard application solution after and 2 6 sample solution 

prepared sample by sample pretreatment methods simultaneously measured the content of As, 
on the determination of precision (very low arsenic content of the sample No. 1 The the RSD) 
statistics, the results are shown in Table 1; press sample preparation As standard 
application of the method of adding the right amount of liquid, and measured the content 
of As, calculated recoveries.The results are shown in Table 2. 
Table 1 Sample analysis results (No. 1 ug / L) 

Sample The measured value (mg / kg) Average

(Mg / kg) 
Standard 

deviation 
RSD /% 

123,456  
No. 1 
  
No. 2 

10.09 10.28 10.34 9.69 10.28 9.74
  
0.185 0.195 0.190 0.204 0.200 0.191 

10.07
  
0.194 

0.28880 
  
0.006969 

2.86 
  
3.59 

  
Table 2 Sample recovery results (ug / L) 

Sample Background 

values 
The 

amount 
Measured 

values 
Recovery (%) 

No. 1 
  
No. 2 

-
  
8.40 

10.00
  
10.0 

9.69 10.09 10.34
  
18.36 18.69 18.05 

96.9 100.9 103.4 
  
99.6 102.9 96.5 

  
Hydride generation atomic fluorescence spectrometry with less interference, high 

sensitivity, wide linear range, easy to operate, fast, and accurate, and the detection 

limit of the method to meet linolenic acid, linoleic acid, Determination of 

arsenic.Nitric acid, perchloric acid digestion of the sample to avoid the the ashing 
method processing conditions control bad arsenic loss, but it should also avoid digestion 

process Mars, or the arsenic will be volatile, resulting in low measured results. 
Six, methods sources 

Chinese Journal of Health Laboratory in April 2006 l6 4 

1.6.10 hydride generation atomic fluorescence spectrometry detection tobacco 

Trace arsenic and bismuth 

  
First, the method summary 

With nitric, perchloric acid digestion Tobacco by hydride generation atomic 

fluorescence spectrometry (HG - AFS) Determination of heavy metals such as arsenic, 
bismuth in tobacco.Before processing the amount of acid sample media (hydrochloric acid), 
pre-reducing agent, such as a test, parallel determination of flue-cured tobacco and 

crank up the tobacco samples l1 relative standard deviation for the As: 1.62% to 5.01%; Bi: 
5.38% - 10.13% ; detection limit of the method As: 0.079ug / L, Bi: 0.381ug / L; linear range 
of detection of As: 0.0 - 60.0 ug / L, Bi: 0.0 a 8.0 ug / L; spiked recoveries for As : 86.7%, Bi; 
108.0%.Satisfactory results. 
Second, reagents 



Nitric acid, hydrochloric acid, perchloric acid, are excellent pure;  
Boron hydride, potassium hydride, sodium hydroxide, thiourea, ascorbate, and were of 

analytical grade;  
Arsenic, bismuth standard stock solution l000mg / L (national standard steel materials 

testing center, Central Iron and Steel Research Institute); 
The water used was deionized water, glassware experiments required 20% nitric acid 

solution soak for more than 24h, Wash; 
Potassium borohydride solution: Weigh taken 2.8g of potassium borohydride is dissolved 

in of 200mL 0.5 of sodium hydroxide solution, if so, of the precipitate after filtration, 
now equipped with; 

Ascorbic acid mixed solution of thiourea: said to take 10g thiourea, 10 g ascorbic acid 
given volume in 100mL water, now with the current. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Preparation of standard solution: arsenic, bismuth preparation of standard 
solution series are shown in Table 1. 
Table 1 standard solution table (ug / L) 
  
Media Elemen

t 
Mixed 

subscrip

t 1 

Mixed 

subscrip

t 2 

Mixed 

standar

d 
3

Mixed 

standar

d 4 

Mixed 

standar

d 5 

Mixed 

standar

d 6 

Mixed 

standar

d 7 

10% HCl 
(V / V), 
1% 
Sulfuri

c acid - 
ascorbi

c acid 
(W / W) 

As 
  
Bi 

0.00 
  
0.00 

10.00
  
0.10 

20.00
  
0.40 
  

30.00
  
0.60 

40.00
  
1.0 

0.50 
  
4.0 

60.00
  
4.0 

  
4.2 Sample Handling 
Weigh 4 0 ° C dried and sifted through a 40 mesh sieve tobacco sample lg (accurate to 0. 

000lg) placed in a 150mL Erlenmeyer flask, add 10mi nitrate, 2 ml of perchloric acid, cover 
bent neck small funnel, soaking 8h or overnight, heated on a hot plate digestion to take 
perchloric acid smoke (white smoke), remove the coolish, with a little water to flush 
sidewall plus the hydrochloric acid 5mI heating to boiling, remove the cooled, 
transferred to a 50-mL volumetric flask. ascorbic acid mixed the plus 5mI thiourea 
solution, diluted with water to the mark, placed 30-40min for atomic fluorescence 
spectrometer determination of arsenic, bismuth, blank while doing reagents. 
V. Results and Discussion  

Tea standard analysis result and the accuracy of the method to GBW07605 determined, 
the results shown in Table 2, it can be seen from Table 2, As, Bi, plant samples (standard 
samples of tea GBW07605) it is feasible to structure and its measured value measured by 
this method standard values coincide. 
Table 2 the tea standard analysis results and accuracy 



  
Standard 

samples of 

tea 
(GBW07605) 

Measured 

values 
(Mg / kg) 

The relative standard 

deviation 
(%) 

Standard values 
(Mg / kg) 

As 
Bi 

0.290 
0.066 

4.12
8.21 

0.2 8 ± 0.04 
0.06 3 ± 0.008 

  
Spiked recovery test carried out by standard addition method, measured As and Bi 

recoveries in the range of 86.7% - 108.0% (Table 3), indicating that the recovery results, 
the method is feasible. 
Table 3 recovery test results 

Element Background 

values 
(Μg / L) 

The amount

(Μg / L) 
Measured 

values 
(Μg / L) 

Recoveries 
(%) 

As 
Bi 

55.4 
0.60 

20.0
1.0 

72.8
1.74 

86.7 
108.0 

  
Six, methods sources 

Spectroscopy Laboratory 23, 5 September 2006 

1.6.11 hydride generation atomic fluorescence spectrometry determination of 

arsenic and antimony in the health food 

  
First, the method summary 

Objective: To study the appropriate conditions for the hydride atomic fluorescence 

spectrometry determination of arsenic and antimony in the health food, acid medium and 

the amount of reducing agent for the determination of arsenic and antimony, and choose 

the best working conditions of the instrument and hydride conditions, explore the the 

generated hydride elements and common elements on the determination of the 

interference.Methods: hydride An atomic fluorescence spectrometry determination.Results: 
In the linear range of measurement conditions, the arsenic 0 ~ 80 ug / L, r = 0.9998, the 
detection limit of 0.6 ug / L, recoveries between 96.9% to 110.7%, the precision (RSD) of 
9.3%; antimony linear range of 0 ~ 80 ug / L, r = 0.9999, the detection limit of 0.27 ug / L, 
recoveries between 89.2% to 110.6%, and precision (RSD) of 2.69%.To compare the results 
with the recommended values are consistent with the law determined by the content of 

arsenic and antimony standard substances in tea.Conclusion: The method is rapid, accurate, 

and applied to the detection of arsenic and antimony in the health food, to get 

satisfactory results. 
Second, reagents 

Arsenic standard stock solution: 1000 mg / L (national standard solution, medium to 4 
mol / L HCI GSBG62021 - 90); 

Antimony standard stock solution: 500 mg / L (the national standard solution, medium is 
4 mol / L HCI, GSBG62043 - 90); 



Pipette standard stock solution of arsenic and antimony in the volumetric flask and 

serially diluted to 1.00 mg / L of arsenic and antimony mixed standard solution, medium for 
10% hydrochloric acid; 

Mixed reductive masking agent: Weigh 5 g of thiourea, 5 g of ascorbic acid and 5 g of 
potassium iodide in 200 ml beaker, dissolved in 100 ml of water, that is 50 g / L thiourea - 50 
g / L ascorbic acid - 50 g / L potassium iodide mixed aqueous solution; 

25 g / L KBH 4 Aqueous solution: Weigh 2.5 g KBH 4 was dissolved in 0.1 mol / L KOH aqueous 
solution and set the volume to 100 ml; 

Mixed acid: V (HNO 3): (HCIO 4) = 4: 1 (used acids are excellent pure) 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 standard curve using the draw of 1.00 mg / L of arsenic and antimony mixed standard 
solution 0, 0.25, 0.50, 1.00 and 2.00 ml colorimetric tube in a series of 25 ml, with 4 mol / L 
HCI made up to 10 ml, plus 5 ml mixed, reducing masking agent, 1.5 ml of concentrated HCI, 
diluted with water to the mark, shake, equivalent containing Sb 0.0, 10.0, 20.0, 40.0, 
80.0ug / L, placed 30 min, under test. 

4.2 Preparation of the sample solution to take a certain amount of health food, dried 
at 80 ℃ 2 h, cooled, set aside.Respectively, said take the health food prepared sample and 
standard material Tea 2.00 g of each in 150 ml Erlenmeyer flask, add 20 ml of a mixed acid 
soaked overnight, a hot plate at low temperature digestion to HCIO 4 Smoke.Remove, the 
coolish, add a little water.Continue to steam until about 2 ml digestion solution removed, 
transferred to a 50 ml volumetric flask, while the blank.Pipette 10 ml prepared solution in 
25 ml colorimetric tube, add 5 ml of mixed restore masking agent, 1.5 ml of concentrated HCI, 
diluted with water to the mark, shake, placed for 30 min.The following was measured with 
the standard series. 
V. Results and Discussion  

Weigh sample 6, each plus arsenic standard and antimony standard 5 000 ng 1250 ng, 
together with blank samples with digestion were determined, and then according to this 

Law.Arsenic and antimony recoveries were 96.98% to 110.7%, from 89.2% to 110.6%, see 
Table 1 
Table 1 of the measurement results of the recoveries (n = 6) 

  
Sample 

Background 

content (μg / 
L) 

Plus scalar

(μg / L) 
Detectable 

amount (μg / L) 
Recovery 
(%) 

RSD (%) 

As Sb As Sb As Sb As Sb As Sb 
1 
2 
3 
4 
5 
6 

9.61 
10.76 
10.73 
9.95 
10.31 
10.23 

4.42 
4.26 
4.70 
4.34 
4.21 
4.76 

40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

25.0
25.0 
25.0 
25.0 
25.0 
25.0

50.16
52.57 
49.52 
54.22 
52.02 
50.73

29.5
28.8 
30.2 
29.0 
29.1 
29.6

101.4
104.5 
96.98 
110.7 
104.3 
101.3

101.8 
89.2 
110.6 
92.1 
97.4 
96.6 

  
  
4.05 

  
  
7.07 

 

Hydride atomic fluorescence interference, there are more detailed commentary.The 

hydride-forming elements of the common elements and part of the interference test.The 

results indicate that these elements do not interfere in the following multiples 20 ug / L 

As, and sb determination: 5,000 times K + , Na + , Ca 2 +, Mg 2 + 2000 times the Fe 3 +, Zn 2 +, 
1000-fold Cu 2 +, Co, 2 +, Ni, 2 +, 200 times the Bi 2 +, 20 times the Hg 2 +.Multiples of the 



elements contained in the sample of Sb were less than the above ratio, therefore, 
measured directly after the sample digestion not cause interference. 
Six, methods sources 

Chinese Journal of Health Laboratory in November 2006, 16, 11 

1.6.12 hydride generation atomic fluorescence spectrometry determination of 

arsenic and antimony phosphates 

  
First, the method summary 

Phosphate is a widely used class of chemical raw materials, sodium tripolyphosphate 

can be used in meat processing, synthetic detergent formulations, textile dyeing, as 
dispersant, cosolvent, calcium hydrogen phosphate used in medicine, dentistry, also for 

plastic stabilizers, food additives and fertilizers.Arsenic, antimony, the impurity 

element is introduced in phosphate production processes and uses of the direct influence 

of harmful elements, arsenic, antimony content phosphate, establishing an accurate method 

of measuring significance.Tripolyphosphate and calcium hydrogen phosphate test samples 

dissolved in hydrochloric acid, hydride generation atomic fluorescence spectrometry 

determination of arsenic, antimony, instrument conditions, acidity affect pre-reducing 

agent, the reducing agent, the amount of interference of coexisting ions test, the 

detection limit of the method, measurement precision and determination of recoveries test 

hydride generation atomic fluorescence spectrometry determination of arsenic, antimony, 
phosphate analysis method, the method has high sensitivity, easy to operate , fast, 
accurate characteristics. 
Second, reagents 

Potassium borohydride solution: Weigh take 4g of potassium borohydride was dissolved 
in 200ml 0.2% KOH aqueous solution; 

Thiourea and ascorbic acid mixed solution: Weigh 10 g of thiourea, 10G ascorbic acid 
was dissolved in 100 ml of water; 

The arsenic standard stock solution: Weigh accurately taken 0.1320g 105 ℃ after drying 

arsenic trioxide in 100 ml of beaker, Add the 5mL hydrogen hydroxide solution 2g / L, 
dissolved by adding 25mL sulfuric acid (6 +94), transferred 1000mI volumetric flask, 
diluted with water to the mark, this solution containing 0.10mg of arsenic per milliliter; 

The arsenic standard solution: to absorb of 1.00mL arsenic standard stock solution in 
a 100-mL volumetric flask, add 10mL hydrochloric acid, diluted with water to the mark, 
this solution per ml 1.00ug of arsenic; 

The antimony standard stock solution: Weigh accurately taken spectroscopically pure 

antimony 0.1000 g in a 300 ml beaker, add hydrochloric acid (5 +1) 100ml, and added dropwise 
to a small amount of hydrogen peroxide in order to accelerate the dissolution, and then 

removed by heating the solution of hydrogen peroxide, cooled, and transferred into 
1000mL volumetric flask, diluted hydrochloric acid (5 + 1) to the mark, shake.This solution 
per milliliter containing 0.10mg of antimony; 

Antimony standard solution: lessons 1.00ml standard stock solution in a 100-mL 
volumetric flask, added 10mL hydrochloric acid, diluted with water to the mark, this 
solution per ml 1.00ug antimony; 



Hydrochloric acid (superior grade pure), potassium hydroxide, borohydride, potassium (> 
98) (analytical grade), thiourea, ascorbic acid (analytical grade); 

The water used in the experiment are quartz sub-boiling double-distilled water. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 standard solution series 
Imbibe arsenic, antimony standard application solution 0.00, 0.50, 1.00, 1.50, 2.00, 

2.50, 3.00 mL ~ group 50mL volumetric flask, Add 5MI hydrochloric acid, 5ml thiourea and 
ascorbic acid mixed solution, water was added to about 40ml, in boiling water heated bath 
for 3min, remove the cooled, diluted with water to the mark, have a concentration of 0.00, 
10.00, 20.00, 30.00, 40.00, 50.00, 60.00ng/mL of arsenic, antimony mixed standard solution 
series. 

4.2 Sample handling 
Weigh accurately 0.5 - 1G sample (sodium tripolyphosphate or calcium hydrogen phosphate) 

in 100 ml of beaker, about 20 mL water was added, hydrochloric acid 5mL, dissolved by 
heating on a temperature-controlled electric furnace, rinsed with a little water Beibi 

adding 5mL sulfur a mixture of urea and ascorbic acid solution, heating 3min remove the 
cooling, transferred to a 50-mL volumetric flask, diluted to the mark for atomic 
fluorescence spectrometry determination of arsenic, antimony with.Accompanying reagents 

for blank. 
V. Results and Discussion 

10 parts of a sample solution was prepared of sodium tripolyphosphate and DCP sample 
by sample pretreatment methods, determination of the content of As, Sb, statistical 
determination precision (RSD); press the sample solution was prepared adding an 
appropriate amount of As, Sb standard application solution, determination of the content 
of As, Sb, calculate the recoveries.The results are shown in Table 1. 
Table 1 Sample Results 
Sample Name Determ

ine 
Elemen

t 

Determinat

ion of 

elements 

in the 

average 
(Μg / g) 

R
S
D
(

%

) 

Samp

le 

weig

ht 
(g) 

Eleme

nt 

conte

nt (ng 
/ ml) 

Standa

rd 

amount 

of 
(Ng / 
ml)

Determinat

ion of the 

total 

value (%) 

Recoveri

es 
% 

Tripolyphosph

ate 
  
Calcium 

hydrogen 

phosphate 

As 
Sb 
As 
Sb 

3.879 
1.487 
0.0799 
1.987 

1.14
1.77 
5.42 
1.25 

0.503
6 
  
1.023
3 

39.069
14.977 
1.635 
40.666 

10.0
10.0 
10.0 
10.0 

49.010 
25.163 
11.985 
50.464 

99.4
101.9 
103.5 
98.0 

By experimental methods, allowing the error of 5%, the following ion interference 

test, the results show that: 10mg/ml Ca 2 +, Mg 2 +; of 5mg/mL the Fe 3 +, Zn 2 +, Mn 2 +; 60ug / mL 
Se 4 +, Sn 4 +; to 40ug/ml Te 3 +, Hg 2 +; 20ug / mL of Bi does not interfere of As, Sb 
Determination. 
Six, methods sources 

Spectroscopy Laboratory Volume 22, 5 September 2005 



1.6.13 hydride generation atomic fluorescence Simultaneous Determination of 

Trace As and Hg in marine sediments 

  
First, the method summary 

Attempt digestion marine sediment samples using hydride atomic fluorescence 

spectrometry determination of As and Hg.Test KBH 4 concentration of coexisting ions, and 
optimized instrument conditions.The recoveries were 91.9% - 105%: As, Hg 93.0% - 109%, As, 
Hg linear range, limits of detection were 0 - 8 ug / L and 0 - 800 ng / L; 0.06 ug / L and 2.65 ug / 
L, RSD 4.7% and 5.8%, respectively.The method is simple, fast, and high sensitivity.  
Second, reagents 

Superior grade pure reagents were used; water deionized water; aqueous solution;  
KBH 4 solution: 20 g / L, said to take 2.0 g KOH dissolved in 1 000 mI deionized water, 

dissolved by adding 20.0 g KBH 4, mix (now with the existing service); 
Hg standard stock solution, the As standard stock solution mixed reducing agent 

solution and KBH 4 solution (measured the Hg to use) solution configuration specification 
for marine monitoring the same. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 standard curve 
As standard curve: Pipette 0.00, 1.00, 2.00, 4.00, 8.00 mL As standard solution (0.1 ug / 

mI) to 100 mL volumetric flask were added HCI (1 +1) 10 mL and 5% mixed restore agent 

solution 5 mI, set the volume to the mark, the equivalent of the As concentration of 0.00, 
1.00, 2.00, 4.00, 8 00 ng / mL, for testing. 

Hg standard curve: Pipette 0.00, 0.25, 0.50, 1.00, 2.00, 4.00, 8.00 mL Hg standard 
solution (10 ng / mL) to 100mI volumetric flask, add 10 mL aqua regia to the mark, which is 
equivalent concentrations of 0, 25.0, 50.0, 100, 200, 400, 800 ng / L, under test. 

4.2 Sample handling 
Weigh accurately take 0.100 0 - 0.500 0 g sediment dry sample, placed in the of 50ml with 

stopper colorimetric tube, add 5 mL with aqua regia, then add 5 m1 of deionized water, and 
mix.Heated in a boiling water bath for 1 h, and several times during the shaking, remove, 
cooling, set the volume to 25 mL, and at the same time as the reagent blank. 
V. Results and Discussion  

By the experimental method to analyze the content of As, Hg, offshore marine sediment 
reference material (GBW 07314), the results in Table 1 measured value consistent with the 
standard value.The analysis of a large number of marine sediment samples, some sample 

results are shown in Table 1. 
  
Table 1 standard material and sample analysis results 

Sample 

Name 
w (As) / 10 -6 w (Hg) / 10 -6

Measured 

values 
Standard values Measured 

values 
Standard 

values 
GBW 07314 
1 

10.0 
16.9 

10.3 ± 1.4 55.2
35.4 

4 8 ± 12 



2 
3 
4 
5 
6 
7 
8 
9 
10 

11.3 
13.0 
15.0 
13.4 
10.5 
12.9 
14.1 
13.1 
8.29 

80.4
90.4 
97.8 
71.2 
105 
114 
23.7 
36.0 
29.2

  
Of the experimental methods, respectively, adding different amounts of interfering 

elements As, Hg standard solution were measured, results showed that the following 
coexisting ions do not interfere with the determination (in mg / L): K + , Na + , Zn 2 + (200), 
AI 3 +, Fe 3 + (1000), Pb 2 +, Ni 2 +, Cd 2 +, Se 4 + (5).Join coexisting ions of As, Hg was 
measured before and after the results had no significant effect. 
Six, methods sources 

Marine Environmental Science, 25 (4) November 2006 

1.6.14 hydride generation - atomic fluorescence spectrometry determination of 

trace amounts of arsenic in high purity boric acid 

  
First, the method summary 

Hydride atomic fluorescence spectrometry determination of trace amounts of arsenic in 

high purity boric acid.Optimized instrument conditions, the sample medium acidity, 

reducing agent concentration, pre-concentration of reducing agent, carrier acidity test 

conditions.The tests showed that the mass concentration of arsenic in the 0 ~ 10 ug / L, the 
standard curve was good linear correlation coefficient greater than 0.9998, the detection 
limit of 0.02 ug / L, the recoveries were 98.5% ~ 103%; determination The relative standard 
deviation of 1.6% to 6.4%, 1000 times the lead, calcium, magnesium, iron, sodium, aluminum 
does not interfere with the determination of arsenic.The method is simple, fast and high 

accuracy.  
Second, reagents 

HCl: excellent pure; potassium borohydride (KBH): analytical grade purity greater 
than 98%; 

NaOH: excellent pure; the thiourea: AR; 
Ascorbic acid: AR; test water: pure water; 
Arsenic standard solution of 100 mg / L: GBW (E) 08008 Nuclear Industry Beijing 

Research Institute of Chemical Engineering and Metallurgy Development of Analysis and 

Testing Center 
Arsenic standard working solution: using a serial dilution method arsenic standard 

solution is diluted to As = 100ug / L. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  



4.1 Arsenic Standard Curve: to take arsenic standard working solution 0, 1, 2, 3, 4, 5 
mL in a 50-mL volumetric flask, adding concentrated hydrochloric acid 5 mI, then add 
(thiourea + ascorbic acid) = 50 g / L pre-reducing agent solution 10 mL, diluted with water to 
the mark and quality standard series arsenic concentrations: 0, 2, 4, 6, 8, 10 ug / L, for 
20 min, the fluorescence intensity of the determination of arsenic in accordance with the 
instrument conditions and standard curve. 

4.2 Sample preparation: accurate high purity boric acid sample weighed 1.000 ~ 2.0000g 
in 50 mL beaker, dissolved in water, transferred to a 50 mL volumetric flask, adding 
concentrated hydrochloric acid 5 mI, then add (thiourea + ascorbic acid) 50 g / L pre-reducing 
agent solution 10 mL, diluted with water to the mark and let stand for 20 min, the 
fluorescence intensity of the arsenic was determined based on the instrument working 

conditions, while doing the reagent blank. 
V. Results and Discussion  

Sample accuracy: (1) said take boric acid sample in a beaker, add AS = 40 ug / L of 
arsenic standard solution of 2.5 mL, dissolved in water, the same operation of the 
following Preparations.Sample accuracy of the results are shown in Table 1 
  
Table 1 Add to recycling results 
  

Sample ρ (As) / (μg / L) Recoveries 
/% Sample Join Determine

1 
Simulated 

sample 

0.22 
2.10 

2.00
2.00 

2.19
4.16 

98.65
101.46 

  
Investigated the purity boric coexist and arsenic impurity element of Pb, Ca, Mg, Fe,, 

Na, A1 on the determination of arsenic.The test results show that, in the determination 
of the relative error of less than 5%, the determination of the 1000 times the content of 
Pb, Ca, Mg, Fe,, Na, A1 arsenic does not interfere In fact, a high-purity borate these 
impurity element content far below this value, so it will not interfere with the 

determination of arsenic. 
Six, methods sources 

24 (4) of the uranium mining and metallurgy November 2005 
  

1.6.15 hydride atomic fluorescence method for the determination of trace 

amounts of arsenic, antimony concentrate mercury 

  
First, the method summary 

China has proven reserves of antimony mine 117.Mainly distributed in Guangxi, Hunan, 
Yunnan, Guizhou and Shandong provinces, including Guangxi, accounting for 41.8 per cent of 
the country to maintain reserves.Antimony concentrate antimony ore flotation, semi-
finished products, the main elements of antimony, iron, sulfur, and other minor elements 

like lead, silicon, calcium, magnesium, manganese, arsenic, tin, selenium and 



mercury.Hydride generation atomic fluorescence spectrometry determination of trace 

amounts of arsenic and mercury antimony concentrate analysis methods, and sample 

dissolution method and interference of coexisting elements.Found that the sample is 

completely dissolved in aqua regia, arsenic and mercury leaching largest; addition of 

thiourea ascorbic acid, antimony concentrate interfering elements interfere with the 

basic elimination; direct determination by adding tartaric acid to inhibit matrix 

antimony hydrolysis, and thus do not need to be chemically separated, trace amounts of 

arsenic, mercury, antimony concentrate for actual samples.The detection limit of the 

method are: Arsenic 0.220 ng / mL, of mercury 0.002 ng / mL, the relative standard deviation 
(RSD, n = 11) were 1.47% and 0.52%, the recovery rate of 94.0% to 103.0% and 98.7% to 102.8%, 
respectively.The method is fast, accurate, high sensitivity. 
Second, reagents 

Experimental water with double-distilled water.  
Used are excellent pure acid, and other reagents were of analytical grade.  
Mercury standard stock solution (National Research Center): 1000 ug / mI; 
Arsenic standard stock solution (National Research Center): 1 000 ug / mL; 
2.5% KBH 4 Stock solution (now with the current): Weigh take 1.00 g KOH dissolved in 

200.0 mL of distilled water, dissolved 5.0 g KBH 4, stirring to dissolve spare; 
Reducing agent: said to take 5.0 g of ascorbic acid and thiourea was dissolved in 100 

mL of distilled water, shake; 
10% tartaric acid solution: take 10.0 g tartaric acid was dissolved in 100 mL of 

distilled water, shake; 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 standard curve: 
6 of 50 mL volumetric flask, were added 0.00, 0.50, 1.00, 2.00, 4.00, 6.00 mL, 1 ug / mL of 

the arsenic standard solution, an ascorbic acid solution were added thiourea 6 mL, 20% 
hydrochloric acid to a constant volume, equivalent to the concentration of arsenic of 

0.00, 10.00, 20.00, 40.00, 80.00, 120.00ng/mL. 
Another six 50 mL volumetric flask, were added 0.00, 0.05, 0.10, 0.20, 0.40, and 0.60 mL of 1 ug / 

mL standard solution of mercury, with a 4% hydrochloric acid constant volume, equivalent 
to the concentration of mercury is 0.00, 1.00, 2.00 , 4.00, 8.00, 12.00 ng / mL. 

4.2 Sample Handling: 
Said sampling of 0.5 g (accurate to 0.000 g) in 50 mL colorimetric tube, add 5.0 mL aqua 

regia (now with) Shake decomposition of sample 1 h into the near boiling water bath (during 
shaking every 10 min time), remove the cooled to room temperature, and added 5.0 mL 10% of 
tartaric acid, twice-distilled water at constant volume, dry filter, spare.Imbibe test 

solution 0.10mL 25 colorimetric tube, pre-reductant 6.0 mL of 20% HCl solution to volume, 
shake, 30min later with As standard series for the determination of As, and 0.10 mL of test 
solution in 25 mL colorimetric tube, with 4% HC1 solution constant volume, along with the 
standard series of Hg determination Hg. 
V. Results and Discussion  

5.1 sample dissolution test 
The choice of the acid medium: aqua regia, concentrated hydrochloric acid, 

concentrated sulfuric acid in a boiling water bath for sample dissolution test was 

conducted, the results are shown in Table 1. 



  
Table 1 acid medium of choice 

Acid medium Aqua regia Hydrochloric 

acid 
Sulfuric acid 

  Sulfide 

ore 
Oxide 

ore 
Sulfide 

ore 
Oxide 

ore 
Sulfide 

ore 
Oxide 

ore 
As content / 
ug / g 
Mercury 

content / ug 
/ g 

17.49 
108.2 

18.68
63.84 

17.16
99.70 

3.976
28.81 

0.9116
11.71 

16.67 
65.69 

  
From Table 1, the dissolved sulfide ore, aqua regia and hydrochloric acid sample 

dissolution resulting arsenic mercury concentration in the oxide ore in aqua regia and 

sulfuric acid dissolved samples resulting concentration of arsenic and mercury.Water 

soluble like Wang , Sulphide and oxide ores are dissolved completely.So the king of this 
experiment, the soluble kind, and heated in water bath.  

5.2 aqua regia amount of choice: when tests show that the aqua regia 2 mL, arsenic and 
mercury dissolved completely not greater than 3 mL, the mercury content of a platform, and 
the arsenic content of a platform after the aqua regia dosage 5mL .Therefore, this 
experiment, the amount of aqua regia. 5mL. 

5.3 tartrate, the amount of choice: 
After dissolving the sample there are a large number of base antimony, arsenic and 

mercury in the determination of a great impact, adding tartaric acid can inhibit the 

hydrolysis of antimony.The experiments show that adding 5 mI 10% tartaric acid to 
eliminate the influence of the antimony. 

5.4 Sample Results method accuracy under optimum conditions selected, the content of 
the two samples was measured and recoveries, and compared with the ICP results, the 
results are shown in Table 2 and Table 3. 

Table2 The analysis results of As and recovery of the method 
Item No. Sample 

arsenic / 
mg 

Add 

Arsenic 

amount / mg

The 

arsenic 

content 
/ mg

Recoveries
/% 

ICP-AES 
determination of 

value / mg 

# 1 
sulfide 

ore 
# 2 
sulfide 

ore 
# 3 oxide 
ore 
# 4 oxide 
ore 

0.88 
0.86 
0.93 
0.94 

1.00
0.50 
1.00 
0.50 

1.94
1.28 
1.95 
1.33 

103.0
94.0 
101.2 
92.2 

0.93
0.90 
0.95 
0.96 

  
Table3 The analysis results of Hg and recovery of the method 

Item No. The 

specimen 

amount of 

mercury / mg 

Add the 

amount of 

mercury / 
mg 

The 

amount 

of 

mercury

Recoveries
/% 

ICP-AES 
determination of 

value / mg 



/ mg

# 1 
sulfide 

ore 
# 2 
sulfide 

ore 
# 3 oxide 
ore 
# 4 oxide 
ore 

5.02 
4.73 
3.39 
3.62 

10.00
5.00 
10.00 
5.00 

14.82
10.02 
12.23 
9.22 

98.7
102.8 
91.3 
107.0 

5.40
4.99 
3.72 
3.90 

  
Test the interference of other coexisting elements arsenic and mercury antimony 

concentrate, Sn, Pb, Mn and Sb certainly interfere with the determination of arsenic, but 
when the addition of thiourea ascorbic acid, the interference of the elements basically 

eliminated; while all coexisting elements Determination of mercury without interference. 
Six, methods sources 

Spectroscopy and Spectral Analysis Volume 26, 8 August 2006 

1.6.16 hydride generation atomic fluorescence spectrometry determination of 

arsenic and mercury in shrimp 

  
First, the method summary 

Arsenic and mercury are harmful elements in food will be seized.Due to the 

environmental pollution caused by the Hohai shrimp containing arsenic and mercury, 

especially methylmercury are accumulative poison, and then enter the food chain and 

damage to human health.Shrimp easy accumulation of arsenic and mercury, and its 

monitoring is extremely important.Hydride generation atomic fluorescence spectrometry has 

become in recent years, the rapid development of analytical techniques, so need the 

original two treated samples were measured arsenic and mercury, and improve the rapid 

detection for multi-element.In this study, using a microwave digestion hydride generation 

atomic fluorescence spectrometry determination of arsenic and mercury in shrimp.Under 

optimal conditions, the detection limit of arsenic and mercury were 0.026ug / L and 0.020 ug / 
L; recoveries were: arsenic from 98% to 100%; mercury from 102% to 106%.The method is 
simple, rapid, high sensitivity, and the results are satisfactory. 
Second, reagents 

As standard solution: 1 g / L, and accurately weighed 0.1320 g As 2 O 3, was dissolved in 10 
mL 10% NaOH solution to continue excess HC1 and 5 mL, set the volume to 100 mL; 

Hg standard solution: 1 g / L, accurately weighed 1.0800 g HgO was dissolved and 
hydrochloric acid of a small amount of 1 +1, by adding a few drops of KMnO 4 Solution, set 
the volume to 1 L; 

NaBH 4 Solution: 1.5% NaBH 4 - 0.05% NaOH, now use the existing service; 
HC1: 10%; thiourea - ascorbic acid mixed solution: 5%; 
The superior grade pure reagents were used.Experiments in doubly distilled water. 

Third, the test conditions 



See arsenic standard analysis conditions 
4, experimental methods  

The 4.1 standard curve standard solution was diluted to 20 ug / L, then the instrument 
measuring conditions set automatic preparation, tune blank.Instrumental determination 

procedures for the determination of stability to be blank after the 2, 4, 8, 16 and 20 g / L 
standard solution, until the data measurement, the program will automatically draw a 

standard curve. (20ug / L mixed standard solution were added to 5% thiourea - ascorbic 

acid, for 0.5 h and then measured) 
4.2 Sample Handling class shrimp (Dalian spot shrimp, Jilin 河虾, Dandong shrimp-like) 

crushed good sampling bags, put people refrigerator for use.Accurately weigh 0.5000 g of 
the sample, in PTFE digestion tank (with blank) added 5 mL HNO 3, release the microwave 

digestion of certain procedures, cooled to room temperature, transfer to l0 mL volumetric 
flask. 5% HC1, added 2 mL of thiourea - ascorbic acid with a liquid mixture of a constant 
volume, shake for 30 min under test. 
V. Results and Discussion  

Sample analysis: Select the shrimp powder reference material (GBW08572), Hg and As 
standard values were: 0.201 ± 0.002 mg / kg and 1.42 ± 0.03 mg / kg, and measured values were 
0.200 ± 0.007 mg / kg and 1. 50 ± 0.07 mg / kg; relative standard deviation (n = 8) in 1.7% and 

2.4%, the measured value and the standard value is consistent. 
Adding a certain amount of As and Hg standard the shrimp sample analysis and recovery 

experiments in the sample, and then dealt with experimental methods, determination of As 
and Hg content, calculate recoveries, and the results are shown in Table 1, the recoveries 
ranging from 98% to 106 %, is satisfactory. 

Table 1 shrimp sample analysis and recovery experiments 
  

Sample Sample content 
(mg / kg) 

Added in an amount

(mg / kg)
The measured value

(mg / kg)
Recovery 
(%) 

Hg As Hg As Hg As Hg As 

1  
2 
3  

0.009
0.012 
0.051

0.170 
0.584 

0.475 

0.050
0.050 
0.050

0.200
0.200 
0.200

0.062
0.063 
0.102

0.368
0.785 
0.670

106 
105 
105 

99 
100 
98 

  
20g / L As and Hg standard solution were added ca, Na, K, Mg, Fe, Zn, Ni, Co, Cu, Pb, Pt 

and Se, and they were determined.Learned from the results, 100 mg / L Fe, Ni negative 
interference of As, 10 mg / L Pt to Hg negative interference, and other ions do not 
interfere with the determination.5% thiourea were added to eliminate interference to 
sample plus interference ascorbic acid for 30 min and then measured.As can be seen from 
the results, reduce or eliminate an ascorbic acid was added 5% thiourea 100 mg / L of Fe, Ni 
for As generated interference and 10 mg / L Pt interference of Hg. 
Six, methods sources 

Analytical chemistry research briefing special edition 34th September 2006 



1.6.17 hydride generation atomic fluorescence method for the determination of 

arsenic, antimony samples geochemical 

  
First, the method summary 

Hydride generation technique has been widely used for the determination of the 

formation of volatile hydrides of elements, hydride generation atomic fluorescence 

spectrometry has become our country a new trace analytical techniques, it is between 

atomic emission spectrometry and atomic absorption spectroscopy between the law, with its 

high sensitivity, coexisting elements less interference, the method is simple and fast, 

etc. to make up for the previously colorimetry, spectrophotometry and other defects, is 

acceptable for the majority of chemical analysis.The method of determination of arsenic, 

antimony factors appropriate for 1: 50 000 l: 200,000 geochemical exploration the sweep 
surface samples determination. 
Second, reagents 

Test water was double-distilled water, hydrochloric acid (guaranteed reagent), nitric 
acid (guaranteed reagent), potassium hydroxide (superior grade pure), potassium borohydride (AR), 
thiourea (AR), ascorbic acid (analytical grade ); 

Arsenic standard stock solution: 1000ug/ml: accurately weigh 0.1320g pre-dried at 10 5 ° 

C for 2 hours of high purity arsenic trioxide (As 2 0 3) in the beaker 100, 8ml sodium 
hydroxide solution was added and stirred to completely dissolved in sulfuric acid to 

slightly acidic (1 +4), transferred into 100ml volumetric flask, add 20ml of concentrated 
hydrochloric acid, diluted with water to the mark; 

Antimony standard stock solution: 1000ug/ml: Weigh accurately take the 0.10000 high 
purity metal antimony dissolved in 100ml beaker, add 2ml of concentrated sulfuric acid 
micro heat.After cooling shifted Hydrochloric acid (1 +1) 100ml flask, dilute to the mark, 
shake; 

Arsenic the antimony standard mixed solution: Pipette calculate the amount of arsenic 

antimony reserves solution with HC1 (1 +4) serially diluted mixed standard solution 
preparation of 5.0ug/mlAs 0.5ug/ml Sb; 

50g / L thiourea - 50g / L ascorbic acid reducing agent: respectively, said to take 10 g 
of thiourea and 10g ascorbic acid, was dissolved in 200 ml of water, and mix; 

Potassium borohydride solution (20g / L): said to take 20g of potassium borohydride was 
dissolved before adding 5gKOH 1L water, now use the existing service. 

Carrier: 15% (V / V) HC1 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Preparation of standard solution 
Respectively Pipette 0.0, 0.5, 1.0, 2.0, 3.0, 4.0ml arsenic antimony standard mixed 

solution in in a group l00ml volumetric flask, each adding thiourea ascorbic acid mixed 
solution of 20 ml of 15% HC1 diluted to the mark, shake, place measured after 30 minutes, 
the standard solution of arsenic in a concentration of 0.00, 0.025, 0.05, 0.10, 0.15, 
0.20ug/ml As; antimony concentration of 0.000, 0.0025, 0.0050, 0.010, 0.015, 0.020ug/ml SB. 

4.2 Preparation of sample solution 



Weigh 0.2000 - 0.5000 g sample 25ml colorimetric tube join l0ml aqua regia (1 +1), shake 
decomposition in a boiling water bath for 1 hour, during which shake once, and diluted 
with water to the mark, remove the cooling mix, standing clarify.The same batch that 

comes with the blank test.Draw 2ml to another set 25ml colorimetric tube, adding 5ml 
thiourea an ascorbic acid solution, diluted with 15% HC1 to scale.Shake well after 30 
minutes, with a series of standards was measured under the same conditions. 
V. Results and Discussion  
Table 1 Soil composition analysis standard substance standard value analysis of the 
results of the control 
  

Sample Name Arsenic content (ug / ml) Antimony content (ug / ml) 

Standard 

values 
This 

method 

is 

LogC (%s) Standard 

values 
This 

method 

is

LogC (%s) 

GBW07401 
GBW 07402 
GBW 07403 
GBW 07404 
GBW 07405 
GBW 07406 
GBW 07407 
GBW 07408 

34 
13.7 
4.4 
58 
412 
2.20 
4.8 
12.7 

35.2
12.9 
4.3 
57.5 
420 
226 
4~6 
12.6

0.02
-0.03 
-0.001 
0.00 
0.01 
0.01 
-0.02 
0.00

0.02
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02

0.87
1.3 
0.45 
6.3 
35 
60 
0.42 
1.0

0.84
1.2. 
0.49 
6.8 
32.9 
58.4 
0.40 
0.95

-0.02 
-0.03 
0.04 
0.03 
-0.03 
-0.01 
-0.02 
-0.02 

0.02 
0.03 
0.03 
0.02 
0.03 
0.02 
0.02 
0.02 

  
Six, methods sources 

The Qinghai Homeland economic strategy 

1.6.18 ferric hydroxide coprecipitation hydride generation atomic 

fluorescence spectrometry determination of trace amounts of arsenic, antimony 

and bismuth brine 

  
First, the method summary 

The brine is unique to Northwest China's mineral resources, density greater than 

1.2g/mL, brine containing a large number of Na 
+,

 C1 -, K +, Ca 2 +, Mg 2 +, SO 2 - 4 and some 
trace elements As, Sb, Bi, Pb, Ni, Cd.Low levels of these trace elements in the brine, 
measured only by the concentration of the diluted brine to reduce the amount of matrix 

interference, simply can not be detected in the sample dilution.Determination of brine in 
As, Sb and Bi, Fe (OH) 3 pre-enrichment, precipitation centrifugation, dissolved in 
hydrochloric acid extraction colorimetric determination, the determination process is 

more cumbersome, and the detection limit.So far did not establish the determination of 

trace elements in brine As, Sb and Bi standard analytical methods.Co-precipitation 
separation generally freshwater As, Sb, Bi have been reported.However, the determination of 
trace elements As, Sb, Bi, brine has not been reported.This article co-precipitation with 
ferric hydroxide to adjust the brine pH 5 - 8.5, precipitation separation brine in As, Sb, 
Bi, the precipitated dissolved in hydrochloric acid, the hydride generation atomic 



fluorescence spectrometry determination of trace amounts of arsenic in the brine, 

antimony and bismuth.The experiments show that the method is sensitive, reproducible and 

reliable measurement results, and the operation is simple, fast feasible. 
Second, reagents 

Arsenic standard solution: accurately weighed and dried at 105 ℃ for 2h As 2 O 3 0.1320g 
to on 50mI beaker, added to a concentration of 200 g / L NaOH solution 2mI of; the jiggle 
dissolved, then add concentration l mol / L H 2 SO 4 10mI, the shift man l00mL volumetric 
flask, deionized water will to scale, shake the solution concentration of 1.00 mg / 
Ml.Using 20% hydrochloric acid is progressively diluted to 10ug/ml 

Antimony standard solution: Weigh accurately was dried at 105 ℃ for 2h antimony 
potassium tartrate 0.2743g, placed in a 100-mL volumetric flask, add a small amount of 20% 
hydrochloric acid to dissolve rushed to the mark with 20% hydrochloric acid, shake, and 
this The concentration of the solution 1.00mg/mL when using step by step with 20% 

hydrochloric acid was diluted to 1 ug / mL; 
Bismuth standard solution: accurately weighed pure metallic bismuth 0.1000 g join 5mI (1 

+1) (V / V) HNO 3 solution is completely dissolved and transferred to a 100-mL volumetric 
flask, deionized water will dilute to the mark, shake, the concentration of this solution 

was 1.00mg/mL, when used with 20% hydrochloric acid and serially diluted to 1ug/ml; 
Arsenic, antimony and bismuth standard mixed solution: take the three kinds of solution 

10.0mL 100 mL volumetric flask, rushed to the mark with 20% hydrochloric acid 
solution.This solution arsenic: 1ug/ml, antimony and bismuth are each: 0 1ug/ml; 

Ascorbic acid mixed solution of the thiourea: Weigh 50.0g sulfur urea (AR), and 50.0g 
ascorbic acid (AR) was added 1000mI 1000mI beaker of deionized water was dissolved when 
formulated. 

KBH 4 Solution: Weigh taken 3. The 0g potassium borohydride (AR) in the 250mL beaker, 
add 1.0g KOH, Add 200mL of deionized water and dissolved, this concentration of the 
solution of 15 g / L, the solution was now use the existing service. 

FeC1 3 solution: Weigh take 0.996g FeC1 3 · 6H 2 O (AR) was dissolved in 100 ml of water, 
add 5 drops of (1 +1) hydrochloric acid saved.This solution of Fe 3 + concentration of 
20mg/mL; 

Reagents were of analytical grade, and water was deionized water. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

Standard mixed solution of 2.00 mL of 4.1 measured in a 250 ml volumetric flask to absorb 
the arsenic, antimony and bismuth, with a (1 +1) hydrochloric acid or 20% sodium hydroxide 
solution pH between 5 - 8.5, adding FeC1.Solution 2.0mL, placed 2h after filtration, washed 
with deionized water sink 5 - 8 times, and then the precipitate was dissolved in 20% 
hydrochloric acid, until the precipitate was completely dissolved, it is transferred to a 
25mL volumetric flask, and then add a concentration of 5% thiourea ascorbic acid 
solution 20mL, diluted with 20% hydrochloric acid to the mark, shake.Determination of 
arsenic, antimony and bismuth fluorescence intensity, fluorescence spectrometer in order 

to determine the optimal experimental conditions. 
4.2 Sample Analysis 
Take brine 250mi to 500mL beaker, add 1 drop of methyl red indicator (1 +1) hydrochloric 

acid or 20% sodium hydroxide to adjust the solution pH value between 5 - 8.5, the addition 
of ferric chloride solution 2mL (trivalent iron ions is approximately 4 mg), placed 2h then 



filtered, washed with deionized water to precipitate 5 - 8 times, so that the salts of the 
surface of the iron hydroxide is completely dissolved, and then 20% hydrochloric acid to 

dissolve the precipitate, be precipitated completely dissolved, it was transferred to a 
25mi volumetric flask and an ascorbic acid (5 mL) was added 5% of a thiourea with a 20% 
hydrochloric acid, diluted to scale, shake, KBH 4 as the reductant.Under the selected 
experimental conditions, the fluorescence intensity was measured.  
V. Results and Discussion 

Brine of the different regions of Qinghai Province, were measured in accordance with 

the method of measurement results and the standard addition recovery results shown in 

Table 3. 
Table 3 standard addition recovery slaughter experiment 
  

Sample ID Content of the 

sample (μg/250) 
Added in an 

amount 
(μg/250)

Determination of the 

total (μg/250) 
Recovery (%) 

As Sb Bi As Sb, Bi As Sb Bi As Sb Bi 
# 1 
(Dongtai) 
# 2 (West 
Terrace) 
# 3 
(mohair) 
4 # 
budongquan) 

12.5
2.33 
22.0 
13.7 

0.75 
0.25 
0.65 
0.90 

0.42 
0.15 
0.10 
0.21 

5.00
5.00 
5.00 
5.00 

0.50
0.50 
0.50 
0.50 

17.2
7.00 
26.8 
18.3 

1.21
0.77 
1.10 
1.34 

0.90
0.64 
0.62 
0.68

94.0 
93.4 
96.0 
92.0 

92.0 
104 
90.0 
88.0 

95.2
98.0 
104 
94.0

  
Note: Take the same sample 250mL two, a same product analysis, and another joined the standard solution, 
following the same product analysis 

Concomitant elements are:  
Brine Fe 3 + After the coprecipitated with arsenic antimony and bismuth, there are many 

elements, Be 2 +, Sc 3 +, Ga 3 +, Ge 4 +, Zr 4 +, Y 3 +, La 3 +, Ce 4 +, Sn 2 +, Pb 2 +, Zn 2 +, Cu 2 +, Ag + , Ni 
2 +, Co 2 +, W 6 +, Mo 6 + Plasma, but the content of these ions through the enrichment after 
not more than 0.5mg / L, and does not generate a hydride reducing agent is KBH 4, and 

therefore does not affect the determination of arsenic, antimony and bismuth.Brine Fe 3 + 
Interested in the determination of impact, but generally less than 1.0mg/mL does not 
affect the effect of co-precipitated. 

Ferric ion added amount of selection:  
Arsenic, antimony and bismuth content in the brine is extremely inconsistent, is 

mainly determined by the geological environment, climatic conditions, the original rock 

composition and brine ion chemical characteristics and other factors, in addition to 

higher levels of individual samples, generally not more than 0.5 mg / L in this article is 
selected in the brine of different amounts of Fe 3 +, the experiments show that, in 250mL 
of brine was added 2 - 10 mg of Fe 3 + Completely coprecipitation analyte, therefore the 
present method to select the Add 4mg Fe 3 +.For the brine, arsenic, antimony and bismuth 

content greater than 0.5mg / L of the sample can be measured in the diluted sample. 
Six, methods sources 

Volume 22 of the Spectroscopy Laboratory, 4 July 2005 



1.6.19 solvent extraction atomic fluorescence spectrometry determination of 

arsenic in medicinal vegetable oil 

  
First, the method summary 

Through the optimization of sample digestion, working conditions, hydride generation 

atomic fluorescence spectrometry determination of arsenic content in the medicinal 

vegetable oil.The method recovery was 97.6%, and the relative standard deviation of 
3.5%.The method is simple, reliable results. 
Second, reagents 

Carrier: hydrochloric acid (1 +10) 
Arsenic standard stock solution: 0.1000 g / L, said learn sulfate arsenic trioxide 0.132 

0 g, Add 10 mL of 100 g / L sodium hydroxide solution was dissolved with pure water and 
quantitatively transferred to a 1 L volumetric flask, adding sulfuric acid (1 +9) 25 mL, with 
pure water to the mark. 

Sodium hydroxide solution: 2 g / L, weighed 10 g was dissolved in pure water of sodium 
hydroxide, diluted to 500 mL. 

Sodium borohydride solution: 20g / L, said take sodium borohydride 5.0 g, was dissolved in 
2 g / L sodium hydroxide solution and 500 mi of mixing. 

An ascorbic acid solution of the thiourea: to said take thiourea 2.5 g of pure water 
(20 mI) was added and dissolved by heating, and after cooling, addition of ascorbic acid 
2.5 g To this solution. 

The reagents were of analytical grade and the water was deionized water. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Standard Curve: 
Respectively Pipette 1.0 mg / I arsenic standard application solution 0 00, 0.20, 0.40, 

0.60, 0.80 mL colorimetric tube in 20 mI, plus ascorbic acid thiourea solution and 
concentrated hydrochloric acid each mI constant volume with pure water 10 mI, formulated 
into arsenic 0.00, 20.0, 40.0, 60.0, 80.0 g / L measured instrument conditions, the standard 
curve. 

4.2 Sample Handling and Determination 
Said with a small beaker take oil samples 2.0 moved to 250 mI separatory funnel with l0 

mI ether 5 times washing beakers (each extraction 4 min), all the lotion into the separatory 
funnel with hydrochloric acid (2 +8 ) was 15, 10, l0, 15 mL of extraction, the four lower 
extract is transferred to a 100 mL volumetric flask, dilute with water to the mark.If the 
the layered slower or interface is unclear, the addition of concentrated hydrochloric 

acid to cause stratification.While preparing the reagent blank solution.Set the optimum 

working conditions, and gradually the oven temperature to rise to the desired temperature 

stable for 20 min, a solution of hydrochloric acid (1 +10) for the carrier to start the 
measurement. 
V. Results and Discussion  

5.1 Metal ion interference test 



The results of this Law hydrochloric acid (1 + l0) interference will not occur as 
medium, alkali metal hydrides, mercury, arsenic, lead, tin, can form also will not produce 
interference.When using thiourea, ascorbic acid solution as a masking agent, the 

following elements (in mg / kg): potassium, sodium, calcium, magnesium, aluminum (100), 
copper, iron, zinc, (10), mercury, antimony (1.0) does not produce a significant effect on 
the determination results. 

5.2 Recovery and precision test 
Measured after the samples were processed according to the test method of measurement 

results (n = 5) 1.59 mg / kg, added of standards 2.0 mg / kg, the determination of the total 
amount of 3.54 mg / kg, the recovery rate was 97.6%, the relative standard deviation was 
3.5%. 
Six, methods sources 

Physical and chemical testing - Chemical Volume 2006 Volume 42 

1.6.20 edible vegetable oil arsenic hydride atomic fluorescence spectrometry 

  
First, the method summary 

Edible vegetable oil in arsenic generally measured using silver salt method.The law 

exists complicated operation, low sensitivity, the laborious lack; hydride generation 

atomic fluorescence spectrometry determination of arsenic is not only high sensitivity 

and less interference.This article explores the dry digestion before processing hydride 

generation atomic fluorescence spectrometry determination of edible vegetable oil arsenic. 
Second, reagents 

Experimental acid is superior grade pure reagents were analytical reagent grade, 

water 2 times deionized water; glass instruments are soaked overnight with 10% nitric 

acid. 
Concentrated HCl; hydrochloric acid solution (6 mol / L); hydrochloric acid solution 

(5%, V / V); 
Potassium hydroxide solution (5 g / L); 
Solution of potassium borohydride (20 g / L): Weigh 20.0 g was dissolved in 1000 ml of 

potassium hydroxide solution (5 g / L), mix of potassium borohydride; 
Thiourea-ascorbic acid solution (50g / L): Weigh 5 g of thiourea and 5 g of ascorbic acid 

dissolved in water and dilute to 100 ml (temporary use when fresh); 
Arsenic standard stock solution: 1 mg / ml were purchased from the National Research 

Center; 
The arsenic standard solution (1.0ug/m1): Pipette 5.00 ml of the arsenic standard stock 

solution in 50 ml volumetric flask, dilute to the mark with the hydrochloric acid solution, 
and then successive dilution to 1.0ug/ml. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 Sample pre-treatment: 
Weigh 5.00 g sample in a porcelain crucible, add 10 g of magnesium nitrate, and then 

covered in the above 2 g of magnesium oxide, heat of the crucible is set on a hot plate, 
to just white smoke, immediately remove the crucible until the smoke small , then heated 



to carbonization completely.The crucible to the box-type resistance furnace, 550 ℃ of 

burning 8 h (2 times) to the ashing completely removed after the cold.First to the crucible 
moist, add 5 ml of water and then add 22 ml concentrated HCI to dissolve the sample volume to 
50 ml, and mix.Take 10 ml (equivalent to 1g sample) to 150 ml Erlenmeyer flask, set at 100 ℃ 

evaporation to the contents of quick-drying, remove the cooled water contents were 

transferred to 10 ml colorimetric tube.Join 6 mol / L hydrochloric acid of 1.0 ml, 50 g 
thiourea-ascorbic acid solution 1.0 ml, with water up to the mark and mix under test.Blank 
test. 

4.2 Preparation of standard solution: 
50 ml volumetric flask of 7, the accurate to join 1.0ug/ml arsenic standard solution used 

0, 0.25, 0.50, 1.00, 2.00, 4.00, 5.00 ml (equivalent to arsenic concentration of 0.0, 5.0, 
10.0, 20.0, 40.0, 80.0, 100.0 ng/m1), 6 mol / L hydrochloric acid and 5.0 ml of 50 g / L thiourea 
ascorbic acid solution 5.0 ml of water up to the mark and mix. 
V. Results and Discussion  

5.1 sample pretreatment explore by the test sample should Stir sampling set box-type 
resistance furnace digestive completely, so digestion results; digestion products first 5 
ml of water wet, then graded by adding 22 ml of concentrated HCI dissolve the sample, a 
final volume of 50 ml of concentrated hydrochloric acid, or added directly easily from the 
bubbles to digest the material easy to splash losses; processing of dry digested samples, 

taken directly dissolved with concentrated HC1 digested sample determination on the 
machine , there are inconsistencies in the hydrochloric acid concentration of samples 

with the standard series, affect the measurement accuracy.Samples after dry digestion 

should hurry acid on a water bath, the test proved, to be taken 10mL (equivalent to 1 g 
sample) to a 150 ml Erlenmeyer flask, evaporated to a home at 100 ℃ contents nearly dry, 

acid is time to make, remove the cooled water content was transferred to 10 ml 
colorimetric tube, so that that is able to meet the detection limit of the method, and 

the series of samples with the standard solution of hydrochloric acid concentration 

consistent. 
5.2 two methods measuring results than on hydride atomic fluorescence spectrometry 

with silver salt method of the arsenic content of 10 parts edible vegetable oil measured 2 
Determination results showed no significant difference (t = 0.10, P = 0.924) ( Table 1). 

  
The table l two methods arsenic results compare mg / kg 
  

Sample Atomic 

Fluorescence 

Spectrometry 

Silver 

salt 

method 

Sample Atomic 

Fluorescence 

Spectrometry

Silver 

salt 

method 
1 
2 
3 
4 
5  

0.128 
0.105 
0.008 
0.115 
0.106 

0.120
0.100 
0.100 
0.111 
0.009

6
7 
8 
9 
10

0.110
0.115 
0.097 
0.114 
0.101

0.102 
0.109 
0.108 
0.115 
0.097 

  
5.3 Standard recoveries adding experimental peanut oil, cooking oil, both samples of 

arsenic standard solution for the determination of recovery experiment, the analysis 

result of the measurement are shown in Table 2. 
Table 2 standard addition recovery experiment (n = 6) 
  



Sample Background 

values / 
(μg / ml) 

Spiked 

amount 
(μg / ml) 

A 

measured 

value 
(μg / ml) 

Recovery 
(%) 

Peanut 

oil 
Cooking 

oil 

0.072 
0.065 

0.020
0.020 

0.091
0.086 

95.0
105.0 

  
Six, methods sources 

Journal of Preventive Medicine 2006 22 2 

1.6.21 dual channel atomic fluorescence simultaneous determination of trace 

amounts of arsenic and mercury in seawater 

  
First, the method summary 

Dual channel atomic fluorescence method of simultaneous determination of trace 

amounts of arsenic and mercury in seawater.Under the experimental conditions, arsenic and 

mercury in the determination of the relative standard deviation of ≤ 4.0%, the spiked 
recoveries between 92.0% to 104%.Simple, sensitive and rapid method applies to the 
determination of seawater and other water bodies arsenic and mercury.  
Second, reagents 

2.8 g / L potassium bromate 10 g / L potassium bromide solution; 
7g / L boron hydride, potassium a 2 g / L potassium hydroxide solution; 100 g / L thiourea 

solution; 
Standard stock solution of arsenic 500mg / L, mercury 100mg / L (SEPA standard sample 

Institute); 
Arsenic standard solution 100ug / L, mercury 10ug / L, with a 5% hydrochloric acid 

solution by serial dilution from; 
Hydrochloric acid (superior grade pure). 

Third, the test conditions 
See arsenic standard analysis conditions 

4, experimental methods 
The 4.1 standard curve Imbibe arsenic and mercury standard solution of each 0.00 mL, 

0.25 mL, 0.50 mL, 1.00 mL, 2.00 mL, 2.50 mL in 50 mL volumetric flask with 5% hydrochloric acid 

solution to volume, shake the preparation of mixed standard solution series, wherein the 

arsenic 0.00ug / L ~ 5.00ug / L, mercury 0.00 ug / L to 0.50 ug / L.Machine test in accordance with 
the operating conditions of the instrument, arsenic linear regression equation Y = 4.99 
+73.72 c, r = 0.9992; mercury Y = 5.30 +1173.18 c (r = 0.9995). 

4.2 Test method Imbibe 20 mL of seawater samples in 50 mL colorimetric tube, add 2.0 mL 
of hydrochloric acid and 2.8 g / L potassium bromate 10 g / L potassium bromide solution 1.0 mL, 
shake in a boiling water bath for 10 min heating digestion remove cooled to room 
temperature, then add 2.0 mL, 100 g / L thiourea solution diluted with water to 25 mL, and mix 
for 20 min with 5% hydrochloric acid solution was used as a carrier stream, according to 



the operating conditions of the instrument Machine determination Simultaneous 

determination of the blank of the whole program. 
V. Results and Discussion  

Water samples the precision and accuracy of the three seawater samples for precision 
and spiked recovery test, repeated measurements, the relative standard deviation of ≤ 

4.0%, recoveries between 92.0% to 104%.The method for determination of arsenic and mercury 
samples (State Environmental Protection Administration the standard sample Institute), the 
measured values are in the range of guaranteed value. 
Six, methods sources 

Environmental Monitoring Management and Technology, 17, 6 December 2005 

1.6.22 water bath digestion hydride generation atomic fluorescence method for 

the determination of total arsenic in the soil 

  
First, the method summary 

Level of total arsenic concentration in different soil from aqua regia water bath 

time matrix modifiers, etc. on a water bath digestion soil by hydride generation atomic 

fluorescence spectrometry determination of arsenic, the results show that: in the range 

of 1 ~ 220mg/kg total soil arsenic 1 +1 water bath aqua regia digestion of soil 0.5 h, 10% 
hydrochloric acid reaction medium.Each 5% thiourea + ascorbic acid pre-reduction, 2.0% 

potassium borohydride reduction AFS determination of total soil arsenic recovery was 98.6% 

to 106%, standard substance method precision (RSD) of 2.096%, the sample detection limit 
is 0.953 ug / L, the measurement effect. 
Second, reagents 

The acid used are excellent and very pure acid, reagents were of analytical grade, 
the water is deionized water.Other reagents were of analytical grade or more. 

Carrier: hydrochloric acid (1 +10) 
Sodium hydroxide solution: 2 g / L, weighed 10 g was dissolved in pure water of sodium 

hydroxide, diluted to 500 mL. 
Sodium borohydride solution: 20g / L, said take sodium borohydride 5.0 g, was dissolved in 

2 g / L sodium hydroxide solution and 500 mi of mixing. 
An ascorbic acid solution of the thiourea: to said take thiourea 2.5 g of pure water 

(20 mI) was added and dissolved by heating, and after cooling, addition of ascorbic acid 
2.5 g To this solution. 

GSBG62028 - 90 arsenic standard solution, the concentration of 1000 mg / L, with 5% 

hydrochloric acid used stepwise dilution; GBW07401 (GSS - 1) GBW07407 (GSS a 7), 
GBW07406 (6) soil composition analysis of standard substances. 

Third, the test conditions 
See arsenic standard analysis conditions 

4, experimental methods  
4.1 Calibration curve preparation 
Standard stock solution of 1000 mg / L, 5% hydrochloric acid diluted to 10 mg / L as a 

standard stock solution, standard stock solution is valid for two months.And then diluted 
20 times Serve concentration was 500 / L of arsenic standard working solution.Pipette 



standard working solution 0.1, 0.2, 0.5, 1.0, 2.0, 4.0, 8.0 mL in a 50 mL volumetric flask, 
add 1 +1 hydrochloric acid and 10 mL, plus pre-reducing agent, 5 mL of deionized water at 
constant volume, at the same time to do the standard blank. 

4.2 Sample Handling 
Weigh 0.25 to 0.5 g (accurate to ± 0.0001 g) through a 100 mesh sieve soil samples in 50 mL 

with stopper colorimetric tube, add 1 +1 aqua regia 10 mL stoppered.The oscillation After 
decomposition to extract placed in a boiling water bath for 0.5, 1.0, 2.0 h, midway shaking 
for 1 or 2 times, then cool.Set the volume to 50 mL with ultrapure water.The supernatant 
was 1.00 ~ 10.00 mL in 25 mL colorimetric tube, add 5 mL 1 +1 hydrochloric acid added pre-
reducing agent, 5 mL of water to the mark line. 
V. Results and Discussion  

5.1 water bath at the time of the determination of total arsenic study to design a 
water bath for 0.5, 1.0, 2.0 h water bath digestion treatment methods, the use of a water 
bath digestion soil by hydride generation atomic fluorescence method of containing total 
arsenic concentration The soil arsenic standard substances extracted determination.From 

Table 1, it can be found that three kinds of water bath processing method for total arsenic 
concentration span of 4 ~ 220ug / g soil extract the difference is obvious, and the measured 
values are in the range of the standard value.If a single measurement of arsenic, 0.5 h. 
Table 1 water bath time arsenic (ug / g) Determination of the impact of 
  

Handling? Standard 

substance 
GSS-7

Standard 

substance 
GSS-1

Standard 

substance 
GSS-6

Water bath 
0.5h 
Water bath 

for 1h 
Water bath 2h 
Standard 

values 

4.50 ± 0.5
5.02 ± 0.5 
4.96 ± 0.5 
4.8 ± 1.3 

36.5 ± 2.3
37.0 ± 2.3 
35.0 ± 2.2 
34 ± 4 

210 ± 5
211 ± 5 
227 ± 5 
220 ± 14 

  
5.2 the precision and accuracy of the method 
Continuous measurement precision of the method defined in accordance with analytical 

instruments standard blank 11 times the calculated results of the precision of the method 
RSD = 2.096%, with the national standards GB/T17134 equivalent method; the substances on 
soil standard GSS - GSS 7, GSS measurement recoveries were 106%, 102%, 98.6%, measured 
value in line with the standard value limit. 

Soil arsenic to pentavalent arsenic, trivalent arsenic in two valence states exist, 

is the appropriate selection of aqua regia digestion.The hydride generation only 

measurement of As 3 + Forms of arsenic, so the other of As 5 + Reduction of As 3 + form select 
thiourea to complete.Possible way but then restore the process of the formation of 

arsenic hydride, other transition metals in the soil often caused by interference, the 

matrix interference from the standpoint of the spectral analysis is the solution to this 

problem is to add these elements ion masking agent.Commonly used in such a masking agent 

the thiourea, Vc, I, tartaric acid, dimercapto-propanol, etc., so we thiourea + ascorbic 
acid, also known as a matrix modifier.Matrix improved mechanism is currently no 

authoritative conclusion.Assessed by the method basic elements of the cross in the range 



of three orders of magnitude, the application of the soil standard substances do matrix 
matrix method improved, which confirms the reliability.This study measured the arsenic in 

the water bath digestion time shortened to 0.5 h, coupled with the determination of the 
total soil arsenic atomic fluorescence instruments, the entire process of just 1 to 2 h, 
while saving the reagent blank value is low, low detection limit, detection capability 

good precision and accuracy.Short, constant temperature water bath digestion, save time, 

and is particularly suitable for the rapid analysis of large quantities of soil samples. 
Six, methods sources 

Guangdong Agricultural Sciences in 2007, a 

1.6.23 antimony Trace Arsenic Atomic Fluorescence Spectrometry 

  
First, the method summary 

Atomic fluorescence spectrometry determination of trace amounts of arsenic 

antimony.Sample was dissolved in aqua regia, the titanium trichloride restore arsenic (V) 
for arsenic (III), arsenic trichloride, potassium iodide solution and dried organic phase 

was extracted with benzene, water back-extraction after atomic fluorescence spectrometry 

determination of arsenic, a large number of antimony and 28 other coexisting ions do not 
interfere with the determination of the detection limit of 3.4 × 10 -9 g / L, recoveries 
between 95.2% and 105.0%, the relative standard deviation of 1.40%.The method has been 
applied to the determination of trace amounts of arsenic in the gold-antimony Ore 

metallurgical process test samples and product antimony. 
Second, reagents 

Arsenic standard stock solution: 1 mg / mL, and said take 4.1640g disodium hydrogen 
arsenate in the beaker, dissolved in water and transferred to a 1000 mL volumetric flask, 
add 40 mL of hydrochloric acid, diluted with water to the mark, shake.Use serial dilutions 
1 ug / mL arsenic standard solution; 

Potassium borohydride solution: 7 g / L, weighed 7 g of potassium borohydride dissolved 
in 2 g of potassium hydroxide dissolved in 1000 mL of water pre-existing service is used; 

Thiourea ascorbic acid mixed solution: 100 g / L thiourea solution was mixed with 100 g / 
L ascorbic acid solution equal volume mixed; 

Potassium iodide a hydrochloric acid cleaning solution: draw 2 mL 5 mol / L potassium 
iodide solution mixed with 98 mL hydrochloric acid (3 +1), shake; 

Trivalent iron salt solution: 1 mg / mL, hydrochloric volume fraction of 40%; 
Benzene, titanium trichloride, thiourea, ascorbate AR; hydrochloric tartaric, 

potassium hydroxide as the excellent pure; water was deionized water. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

Working Curve: Pipette 0, 1, 2.5, 5, 10, 20 mL arsenic standard working solution in a 
100 mL volumetric flask, 1mL trivalent iron salts solution, ascorbic acid mixed solution 
of 25 mL of thiourea, 20 mL hydrochloric acid to diluted with water to the mark, shake, 
placed after 5min samples at the same time on the machine determination. 

Sample preparation: Weigh to take 0.1000 g sample in 25 mL colorimetric tubes, wetting 
the sample with a small amount of water (such as a sample of the solution with a pipette 



Pipette 5 mL) was added 10 mL of freshly prepared aqua regia (1 + 1), placed in the heated in 
a boiling water bath for 1 h (during which remove shaken once).Remove the cooling, 50 g / L 
tartaric acid solution diluted to the mark, shake well placed to clarify.2 mL of this 
solution in 50 mL colorimetric tube, add 20 mL of hydrochloric acid, 5 mL of titanium 
trichloride in 60 ° C water bath for 30 for 60 min.After cooling is removed and transferred 
to a separatory funnel, add 10 mL of benzene oscillation extraction for 5 min, placed 
layered purple solution was discarded and the lower layer.Again stars funnel was added 5 
mL of potassium iodide to hydrochloric acid cleaning solution, shaken for 5 min, placed 
after stratification emit lower slightly yellow solution.Add 10 mL of water in the 
separatory funnel, oscillation 5 min, rested stratification, lower solution into a 25 mL 
colorimetric tube (a small sample of the iron content, add 2 mL 100 ug / mL ferric salt 
solution ), add 5 mL of hydrochloric acid, 5 mL thiourea a mixed solution of ascorbic acid, 
diluted with water to the mark, placed after shaking 5 min determination on the machine. 
V. Results and Discussion  

As the mass fraction of 0.0032% of the sample in the accuracy of the method is 

investigated, people the 2 mL 0.5ug/mL arsenic standard solution into the recovery test, 
the sample standard addition recoveries between 95.2% to 105.0%.In addition, metallurgical 
process sample analysis results calculated that the accuracy of the test results meet the 

requirements. 
Gold-antimony Ore antimony content is more than 10,000 times the arsenic content, you 

must remove or reduce the content of antimony, otherwise serious interference on the 

determination.Benzene extraction, potassium iodide monohydrochloride was washed, after 

the water was back-extracted, the arsenic is separated from the large amount of antimony 

solution, thereby eliminating antimony interfere with the determination of arsenic.The 

presence of a large number of iron, not only does not interfere with the determination of 

arsenic, but also play an acceleration trace As the reduction.Therefore, in the analysis 
of the iron content of small samples, needed to add a small amount of iron salt solution, 

the standard solution series must be added to the iron salt solution. 
Six, methods sources 

Metallurgical analysis of the first 26 5 October 2006 

1.6.24 microwave digestion-hydride generation atomic fluorescence 

spectrometry determination of arsenic in the composite bulking agent 

  
First, the method summary 

Composite bulking agent, also known as baking powder, foam, flour and baking powder, 

mainly used as a surface for Foods rapid bulking agent.Usually bicarbonates (such as 
sodium salts, ammonium salts), organic acids (such as tartaric acid, citric acid, lactic 
acid, etc.), acid salts (e.g., potassium hydrogen tartrate, fumaric acid, a sodium, calcium 
dihydrogen phosphate, calcium hydrogen phosphate pyrophosphate, calcium dihydrogen 

phosphate, sodium aluminum phosphate, etc.), alum (e.g., potassium alum, ammonium alum, burnt 
ammonium alum, etc.), and starch and other preparation.China's chemical industry standard: 
food additive Composite loose agent (HG2616 - 2005) provisions arsenic levels ≤ 0.0002, the 
standard Gutzeit Determination, only semi-quantitative.Hydride generation atomic 



fluorescence spectrometry has the advantages of high sensitivity, less interference, is a 

more mature analysis method has been widely used in the field of environmental, 

geological, and food.Microwave digestion digestion composite bulking agent conditions, 

test the hydride generation atomic fluorescence spectrometry determination of arsenic in 

the composite bulking agent best instrument conditions and hydride generation conditions, 

and Na + , K + , Ca 2 +, Mg 2 + and Al 3 + ions in the interference test.The experimental results 
show that the method is accurate, fast, work samples and achieved satisfactory results 

for the determination of the composite bulking agent. 
Second, reagents 

Hydrochloric acid (superior grade pure revitalization of Plant), hydrogen peroxide 
(analytical grade, Yixing Second Chemical Reagent Factory), potassium borohydride (analytical 
grade, Tianjin Institute of Chemical Reagents), sodium hydroxide (excellent pure Shanghai 
Shanhai engineering group pilot plant import subpackage), thiourea (analytical grade, Suzhou 
Industrial Park Zhengxing Chemical Research Institute), ascorbic acid (analytical grade, 
Tianjin Kermel Chemical Reagent Development Center).The water generated by Millipore ultra 
pure water generator of pure water (resistivity greater than 18.2MΩ · cm). 

The arsenic standard stock solution (1000ug / L): substances Center by the National 
Institute of Standards.Draw standard stock solution stepwise dilution 0.25ug / L standard 
solution, the medium is the hydrochloride of 5. 

Mixed restore masking agent: Weigh 20 g of thiourea and 20g ascorbic acid, dissolved in 
water and diluted to 200ml, is 100g / L thiourea - 100g / L ascorbic acid mixed solution. 

20g / L potassium borohydride solution: Weigh taken 20g potassium borohydride was 
dissolved in 200mL of 5g / L aqueous sodium hydroxide solution, washed with water was 
diluted to 1L. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

Drawing of the calibration curve  
Pipette 0.25mg / L standard solution 0, 0.50, 1.00, 2.00, 5.00, 10.00 6 25mL volumetric 

flask Shen, adding 5mL mixed restore masking agent, hydrochloric acid diluted to 5 scale, 
shake, that As the concentration of 0, 5, 10, 20, 50, l00ug / L series of standard solution, 
place 30min after injection instrument sample cup automatic injector determination. 

Preparation of the sample solution  
Take 0.5g sample in the sample dissolution cup, add 3mL water, placed bubbles reduce 

the moment to be the reaction after said, adding 4mL hydrochloric, 2mL of hydrogen 
peroxide, place about 30min to be no air bubbles generated by microwave digestion.After 
digestion, remove, after cooling, transferred to a 25mL volumetric flask, adding 5mL 
mixed restore masking agent, was diluted with water to the mark, placed after 30min, the 
DUT. 
V. Results and Discussion  

5.1 Digestion conditions choice 
Composite osteoporosis agent containing both acidic salts and basic salts, after 

coming in contact with the water from the reaction the release of CO 2, the first prior to 

adding the acid by adding a small amount of water, can be prevented the acid is added 

after the reaction is too vigorous to generate a large number of CO 2.Were tested the 
effects of nitric acid, hydrochloric acid, sulfuric acid, nitric acid + hydrogen peroxide, 
hydrochloric acid + hydrogen peroxide and sulfuric acid + hydrogen peroxide are several 



methods of digestion, experiments show that several acid addition of hydrogen peroxide 

may be digestions to obtain a colorless transparent digestion solution.Taking into 

account the acid step such as nitric acid is used, it is necessary to increase the catch; 

the use of sulfuric acid, but also the problem of high background, and insoluble calcium 

sulfate was generated easily with the calcium ions in the sample, it is the final choice 

of hydrochloric acid was added hydrogen peroxide to digestion samples.The experiment 0.5g 
sample 4mL hydrochloric acid, hydrogen peroxide 2mL an optimum digestion effect. 

5.2 selection of microwave digestion procedure 
Experiments, the best microwave digestion procedure: 0.5Mpa, min; 1.0MPa, 2min; 

1.5MPa, 5min.It should be noted that during microwave digestion before the samples have 
been carried out with an acid sufficient pre-reaction, no longer have a large number of 
CO 2 Generation, in order to prevent pressure overshoot. 

The 5.3 sample analysis results as well as recoveries 
The three kinds of composite on the market osteoporosis agent samples were measured, 

and measurement results are shown in Table 1. 
  
Table 1 Three samples the analysis result (ug / g, n = 5) 

Sample Measured values Average RSD (%) 
1 
2 
3 

0.65 
1.60 
0.38 

0.67 
1.66 
0.36 

0.69
1.67 
0.40

0.69
1.60 
0.36

0.73
1.55 
0.36

0.69
1.62 
0.37

4.5 
3.0 
1.7 

  
The 3rd sample weighed 0.5g, added to which different concentrations of the standard 

solution, the recovery rate of the spiked recoveries experiment, measurement methods, and 

the results are shown in Table 2, the recovery rate of 89% to 115%. 
  
Table 2 spiked recovery test results (n = 3) 

Determination 

of Mean (μg) 
Added in an 

amount (μg) 
Spiked measured 

values (μg) 
Recovery (%) 

  
0.18 

0.10 
0.20 
0.30 

0.29 0.27 0.28
0.39 0.40 0.39 
0.52 0.49 0.53

1028999 
103108105 
111101115 

  
Interference in hydride generation, has been a large number of literature 

reports.Copper, diamond, nickel, iron, and other transition elements on the occurrence of 

hydride more serious interference.The composite porous agent in the sample solution 

containing mainly Na + , K + , Ca 2 + and Al 3 + ions, etc. in 20ug / L of arsenic standard 
solution was added Na + , K + , Ca 2 +, Mg 2 + and Al 3 + interference test.Experimental results 

table, and 5000-fold Na + , K + Determination of the Ca 2 +, Mg 2 + and Al 3 +, does not interfere 
with the arsenic in the composite porous agent. 
Six, methods sources 

Spectroscopy Laboratory 23, 5 September 2006 



1.6.25 atomic fluorescence method for the determination of trace amounts of 

arsenic in the Chinese herbal medicine 

  
First, the method summary 

In this paper, the high pressure sample dissolution, the establishment of a hydride 

generation atomic fluorescence determination of Chinese herbal medicine in the 

determination of arsenic, the concentration of potassium borohydride, the lamp current 

atomizer height, carrier gas flow rate and other factors on the measurement results, with 

working curve method for the determination of arsenic content in the four herbs samples. 
Second, reagents 

Arsenic standard solution lmg / mL: accurately weighed 1.320 grams of arsenic trioxide 
dissolved 25mL20% potassium hydroxide solution and then with 2% sulfuric acid solution 

was diluted to scale, shake, constant volume 1000mL volumetric flask.Absorb the arsenic 
standard solution 1.0mL 1000mL volumetric flask, with 4mol / l hydrochloric acid solution 
constant volume This concentration is 1.0lug/mL, as a the arsenic standard operating 
liquid. 

Potassium borohydride solution: Weigh the appropriate amount of potassium borohydride, 

and dissolved with a 0.5% to 1.0% of potassium hydroxide solution can be 
National standard material: peach leaf (GBW08501) 
The high pressure sample dissolution kettle: 
Superior grade pure reagents were used, the water was doubly deionized water. 

Third, the test conditions 
See arsenic standard analysis conditions 

4, experimental methods  
Sample processing: 

The sample in an oven dried at 90 ℃ eight hours, and finely sieved.Said take 
appropriate sample is placed in a poly-tetrafluoroethylene liner, was added concentrated 
nitric acid digestion, dropwise addition of hydrogen peroxide, the temperature controlled 

at 120 ° C and heated at 4h, remove cooled to room temperature and add water to catch the 
acid, and transferred to the volumetric flask.Add a mixture of 5% urea + 5% ascorbic acid, 
constant volume, placing measured after 30min using a 5% nitric acid solution.Blank same 

operation. 
V. Results and Discussion  

Measured under the experimental conditions, the national standard substance peach 

leaf (GBW08501), six measured average of the results as shown in Table 1, within the scope 
of the indicated value. 
Table 1 (GBW08501 J bungeanus analysis results 

Standard 

material 
Standard 

values (μg / g) 
Measured values

(μg / g, n = 6) 
RSD

Bungeanus 0.33 ± 0.33 0.362 2.56% 

  
Six, methods sources 
Henan Radio and Television University 19 3 July 2006 



1.6.26 hydride generation atomic fluorescence Direct determination of total 

arsenic in tea drinks 

  
First, the method summary 

Objective: To find the total arsenic in a relatively simple determination tea 

drinks.Hydride atomic fluorescence spectrometry method: direct acidification.The linear 

range comply with the Lambert-Beer's law in the range of 0 ~ 100 ng / mI r value 0.999, 
sampling 5.00 ml constant volume to 10.00 ml and a detection limit of 0.00080 mg / L, RSD <8.7%; 
tea drinks without digestion and direct determination of total arsenic, simple, rapid, 

accurate, and stable. 
Second, reagents 

The arsenic standard stock solution (1.00mg / L), purchased by the National Research 
Center; using liquid concentration of 100 ng / ml; hydrochloric acid (superior grade pure); 

Aqueous solution of sucrose (50.00 g / L): Take a commercially available refined cotton 
sugar 50.00 g, set the volume to 1000 ml; 

Sodium borohydride (20.00 g / L): Weigh 20.00 g of sodium borohydride, and capacity in the 
2.00 g / L sodium hydroxide; 

Thiourea + ascorbic acid (analytical): Weigh thiourea taken analytically pure 12 50 g was 
dissolved in 100. 0 ml of water was heated solubilizing 12.50 g of analytically pure ascorbic 
acid, is added after cooling. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  
4.1 standard curve 

Relatively wide linear range of dual-channel fluorescence produced in the development 

of the standard curve should be based on the content of the sample.Methods 100 ng / ml 
standard solution 0.00; 0.10; 0.30; 0.50; 0.70; 1.00 (each equivalent to the concentration 
of arsenic 0.00; 1.00; 3.00; 5.00; 7.00; 10.00.ng/m1) at 10.00 ml colorimetric tube To ensure 
the consistency of the standard curve and sample matrix, 5% sucrose, water and diluted 

to 10.00 ml, hydrochloric acid was added 1.00 mL, thiourea + ascorbic acid 2.00ml, mixing 
spare. 
4.2 Sample Handling 

5.00 ml of the sample placed 10.00 m1 volumetric flask, adding water to 10.00 ml added 1.00 
ml of concentrated hydrochloric acid, and mix ml thiourea 1.00 ascorbic acid solution, and 
20 min after the determination on the machine. 
V. Results and Discussion  

Precision and recovery experiments: 
Take samples of three different content, join the arsenic standard solution, do the 

recovery experiments and precision measurement, recoveries between 85.7% to 120%, with 
an average recovery rate of 94.8%.The relative standard deviation of 7.1% to 8.7% of the 

asked.The results are shown in Table 1 and Table 2. 
Table 1 recovery experiments 

Sample Background 

values 
Spiked 

amount (ng / 
A 

measured 

Recovery 
(%) 

average 
recovery 



(Ng / ml) ml) value (ng 
/ ml) 

rate 

1 
2 
3 
4 
5 
6 

2.1
0.71 
0.47 
2.0 
071 
0.47

2.0 
2.0 
2.0 
6.0 
6.0 
6.0 

3.82
2.77 
2.71 
7.39 
5.85 
6.09

86.0
103 
112 
88.2 
85.7 
93.7

  
  
94.8  

  
  
Table 2 pairs of different samples of six determinations (ug / L) 

Sample 1 2 3 4 5 6 х (%s) RSD% 

1 
2 
3 

2.3
0.96 
0.86

2.1 
0.80 
0.68 

2.0 
0.98 
0.74 

1.9
0.91 
0.78 

2.4
0.88 
8.5 

2.2
0.90 
0.80 

2.0
0.9

0 
0.7

8

0.000187 
0.000063

8 
0.000068

0

8.5 
7.1 
8.7  

  
Through experiments, the method is simple, fast and save energy, precision and 

recovery to meet experimental requirements, suitable for the determination of total 

arsenic in tea drinks. 
Six, methods sources 

Studies of Trace Elements and Health 23, 5 September 2006 

1.6.27 atomic fluorescence spectrometer Determination of inorganic arsenic in 

the feed 

  
A, experimental apparatus and method 
1.1 Principles  

Sample after acid leaching added thiourea an ascorbic acid to make pentavalent 

arsenic reduction of trivalent arsenic, and then added sodium borohydride or potassium 

borohydride to restore arsine Loading by argon quartz atomizer thermal decomposition sub 

arsenic, specially arsenic hollow cathode lamp emitted light excitation atomic 

fluorescence, its fluorescence intensity is proportional to the concentration of arsenic 

in the test solution under fixed conditions, with the standard series of comparative 

quantitative.  
1.2 Reagents 
Sulfuric acid: (H 2 SO 4, superior grade pure p-1.85 g / m1) (1 + 3); 
Hydrochloric acid: (HC1, p 1.19g / m1) excellent pure (1 + 1); 
Thiourea an ascorbic acid solution (50 g / 1): 

Weigh thiourea (AR), ascorbic acid in each 00 g, diluted with deionized water to 100 ml. 
Sulfuric acid solution (1 + 9): the amount of sulfuric acid to 100 ml, carefully poured 

into 900 ml of water, and mix. 



Sodium hydroxide solution (100 g / L), for the preparation of the arsenic standard 
solution was washed with a small amount that is enough. 

  
  
Arsenic standard solution: arsenic containing l mg / ml.Accurately weighed and arsenic 

trioxide (As 2 O 3) 1. 3200 g, 100 ℃ of drying more than 2 h plus 100 g / L sodium hydroxide 
10ml, with the amount of water transferred to a 1000 ml volumetric flask, plus (1 + 9) 
sulfuric acid 25 ml, water content to the mark, shake, home refrigerator cold. 
Arsenic standard dilution: arsenic 1.0ug/ml.The stepwise dilution water to this 
concentration, set the refrigerator to save 1 month. 
Potassium borohydride solution (20 g / L): said take potassium borohydride 10 g sodium 
hydroxide, 2.5 g of water was diluted to 500 ml, and use now equipped. 
Before use with glassware soaked overnight with 10% HC1 to remove the deionized water 
rinse, the standby. 
1.3 equipment and working conditions 
1.4 Analysis Method 

Hydrochloric acid (1 +1) and (1 +3) sulfuric acid leaching results of the comparison, 
the choice of (1 +3) sulfuric acid leaching test methods: Weigh the dry kind 2.5000g sifted 
through a 80 mesh sieve (known as sample volume change as appropriate) in accordance with 
the sample content in 50ml with stopper Erlenmeyer flask, add 20 ml of (1 +3) H 2 SO 4 , Shake; 
or take fresh samples 5.0000 g the homogenized (should) plug flasks with 50 ml, plus (1 +1) 
HC15.0ml, (1 +3) H 2 SO 4 15 ml mix.Directly after the insulation 18 h, placed in a 60 ° C 

water bath or oven several times during shaking the sample full extraction, supplemented 

add 30 ml of water, shake cooling after removing the cotton wool filter, filtrate ascorbic 
acid with thiourea determination on the machine.At the same time as the reagent blank.  
Second, the results and analysis  
2.1 with different acid extraction on the determination results 

Methods (1 +1) hydrochloric acid, and (1 +3) and the sulfuric the two acid leaching, 
extraction and Determination of the hydrochloric acid concentration of the solution is 

20%, the sulfuric acid concentration is 10%.As can be seen from Table 2, with the (1 +1) 
hydrochloric acid leaching result sulfate slightly higher than (1 +3).Hydrochloric acid 
extracts impurities, the interference, and sometimes irregular precipitation or substance 

generated after the reducing agent is added to influence the injector (1 +3) sulfuric acid 
leaching there is no such phenomenon and therefore this Act selection (1 +3) sulfuric acid 
leaching. 

  
Table 2 two acid extraction results compare 
  

Sample 

Name 
Total 

arsenic 

levels (mg / 
kg) 

(1 +1) hydrochloric 
acid leaching of 

inorganic arsenic (mg / 
kg) 

(1 +3) sulfuric 
acid leaching of 

inorganic arsenic 
(mg / kg) 

Premixed 

feed 
  
Average 

16.68 
16.56 
16.69 

10.36
10.32 
10.34 

9.82
9.89 
9.86 

  



2.2 Accuracy Test 
Arsenic standard solution, adding a certain amount of the unknown sample recovery 

experiments to verify the accuracy of the method of standard addition.Determination 

Results Results are shown in Table 3.Be seen, the recovery rate 96% to 104% accuracy. 
Test results of Table 3 accuracy of the method 

Sample Underlying 

value 
(Mg / kg) 

Spiked 

values (mg 
/ kg) 

Spiked 

measured 

values (mg / 
kg) 

Recovery 
(%) 

  
Complete 

feed 

  
0.140 

0.100
0.200 
0.300 
0.400

0.244
0.336 
0.430 
0.541

104 
98 
96 
100 

  
C. Conclusion  

(1 +3) sulfuric acid leaching of inorganic arsenic in the feed samples, the accuracy 
and precision of the results can meet the test requirements, and can be used for the 

determination of inorganic arsenic in the feed.As the acid leach liquor containing more 

organic matter, potassium borohydride reduction will produce a large number of bubbles, 

easy to enter and contaminate the atomizer.To avoid this situation, after a separation 

bottle plus a secondary separation bottle, or adding a few drops of octanol (defoamer) in a 
measured liquid. 
Fourth, the method source 
5 of Shandong Agricultural Sciences 2006 

1.6.28 atomic fluorescence spectrometry determination of arsenic, bismuth in 

geological samples 

  
First, the method summary 

This article examines the fluorescence method for the determination of geological 

samples, arsenic, bismuth, medium acidity, restore Jing concentration on the measurement 

results.After years of practice, that the method is simple, rapid, accurate, high 

sensitivity, wide linear range, good reproducibility characteristics.The method used for 

geological survey sample, arsenic, bismuth even measured the feasibility and 

applicability. 
Second, reagents 

Arsenic, bismuth standard solution (50ug/ml), φ (HCl) = 50% 
Arsenic, bismuth standard solution (5.0ug/m1).Pipette arsenic, bismuth standard 

solution 10ml 100ml flask with φ (HC1) = 10% diluted to the mark, shake. 
A mixture of potassium borohydride (20g / L), potassium hydroxide (5g / L): said take 

potassium borohydride 10g is dissolved in appropriate amount of water was added 2.5 g of 
potassium hydroxide and dissolved, and diluted with distilled water to 500m1. 

The mixed solution of thiourea (50g / L), ascorbic acid (50g / L): said to take 5g thiourea, 
5g ascorbic acid was dissolved in 100 ml of distilled water (use now equipped). 



Third, the test conditions 
See arsenic standard analysis conditions 

4, experimental methods  
4.1 arsenic, bismuth standard series of preparation: lessons arsenic, bismuth, 

standard working solution 0.00, 0.25, 0.50, 1.00, 2.00, 4.00m1 colorimetric tube in 25m1, 
diluted with water to 10ml after ascorbic acid added concentrated HC1 2.5ml, plus the 
thiourea 5ml, diluted with distilled water to the mark, shake, stand for 30 minutes.The 
corresponding corresponding concentration of 0.0, 50, 100, 200, 400, 800mg / L 

4.2 Sample Handling: Weigh accurately sampling 0.1000g dissolved 25mll tube, plus 
freshly prepared aqua regia (1 +1) 10ml, shake, and placed in a boiling water bath and 
heated for 2 hours, during shaking every 15 minutes.Remove the cooling, plus thiourea 
ascorbic acid 5ml, with 5% HC1 diluted to scale, shake.While for the blank test, with 
standard series measured under the same conditions. 
V. Results and Discussion  

Geochemical exploration the two tables the kind 14GRD1 - standard eight analysis 
test, take Jiangxi average compared with the recommended values, the results show that 

the method is accurate, as shown in Table 1. 
  
  
Table 1 The accuracy of the method 

Element Sample No. 
14GRD- 

1 2 3 4 5 6 7 8 

As 
  
  
Bi 

Measured 

values 
Recommended 

values 
Relative 

error 
Measured 

values 
Recommended 

values 
Relative 

error 

6.0 
5.8 
3.45 
14.9 
15.6 
449 

36.4
33.9 
7.37 
0.80 
0.77 
3.9 

30.5
32.0 
-4.69 
0.52 
0.56 
-7.14 

8.4
4.0 
5.00 
0.34 
0.32 
6.25 

168
179 
-6.15 
7.6 
7.2 
5.56 

84.
79.

7 
5.4

0 
40.

1 
38.

2 
49

7 

13.
3 

12.
4 

7.2
6 

0.5
0 

0.4
6 

8.7
0 

13.6 
13.3 
2.26 
1.1. 
1.2. 
-

8.33 

  
Six, methods sources 

Jiangxi Chemical in 2006, a 

1.6.29 atomic fluorescence spectrometry determination of the polymetallic ore 

arsenic, antimony 

  
First, the method summary 

To build atomic fluorescence spectrometry determination of the polymetallic ore 

arsenic, antimony, acidity, potassium borohydride concentration, the flow rate of carrier 



gas, the lamp current and atomizer height measured.Arsenic, antimony detection limit 
under the best conditions are less than 0.03 ug / g, the experiments show that this method 
is accurate, rapid analysis, simple operation, high sensitivity and less interference. 
Second, reagents 

Test water was de-ionized water, acid as a superior grade acid and other reagents 

were of analytical grade;  
The arsenic standard stock solution (1000mg / L): National Research Center; 
Antimony standard stock solution (1000mg / L): National Research Center; 
Thiourea and ascorbic acid mixture: 5 g of thiourea and 5g ascorbic acid dissolved in 

100mL of water; 
Potassium borohydride solution: 25g / L boron potassium hydride (containing 5 g / L NaOH); 
Arsenic, antimony mixed standard uses the liquid: arsenic solution 2 .0ug/mL, 

including antimony 0.20 ug / mL. 
Third, the test conditions 

See arsenic standard analysis conditions 
4, experimental methods  

4.1 sample processing 
That taking crushed to 200 mesh ore sample 0.5000g 50mL colorimetric tube with a plug, 

purge the wall with a small amount of water, add 20mL new with aqua regia (1 +1), the 
bottom of the sample (do not shake scattered the sample adhering the colorimetric wall), 
and do not cover the plug in a water bath heated to decomposition 2.3h meantime shaken 
several times, not the sample knot at the end, remove the cooling, dilute to the mark with 
1 +9 hydrochloric acid, plugged pipe plug, shake, place the clarification.Draw the 10mL 
solution is placed in a 50-mL volumetric flask, add 10mL thiourea - ascorbic acid 
solution in hydrochloric acid with 1 +9 volume to 50 mL, shake, placed 20min. 

4.2 standard curve 
Absorb the arsenic, antimony standard solution was 0.00, 0.50, 1.00, 2.00, 4.00 mL in 

a 50-mL volumetric flask, add 10 mL of thiourea an ascorbic acid solution, the volume to 50 
ml with 1 +9 hydrochloride, shake, alternate. 
V. Results and Discussion  

The recovery of the method: 
The measured samples spiked experiment was arsenic recovery of 95.3% to 101.5%, the 

recovery of antimony 93.8% -101.Between(Table 1). 
  
  
Table 1 Sample spiked recoveries ug / mL 

Actual 

samples 
Background 

values 
Spiked 

value 
Measured 

values 
Recovery 
(%) 

  
Arsenic 
  
  

13.6 
13.6 
13.6 
13.6 

10
20 
30 
40 

22.5
32.4 
34.1 
53.1 

95.3
96.4 
101.5 
99.1 

  
Antimony 

4.4 
4.4 
4.4 
4.4 

2
4 
6 
8 

6.0
8.3 
10.6 
12.3 

93.8
98.8 
101.9 
99.2 

  



Standard substance Determination:  
Using this method of determination of the original soil composition of Geophysical 

and Geochemical Research Institute of the Ministry of Geology and Mineral Resources, 

Ministry of Geology and Mineral Resources and Mineral Analysis Institute of Technology 

developed the analysis of The standard material measurement results are shown in Table 2 
Table 2 Determination of standard substances 

Standard 

values 
(Μg / g) 

Measured values Average Relative 

error 
The relative 

standard 

deviation 
Arsenic 13. 7 
± 1.8 
  
Antimony 
1.30 ± 0.3 

14.2 13.6 14.7
13.7 13.2 15.0 
1.21 1.32 1.12 
1.60 1.44 1.31 

14.1
  
1.33 

2.92%
  
2.31% 

0.69 
  
0.19 

  
Six, methods sources 

Modern scientific instruments 20063 
  

1.6.30 pressurized microwave digestion-hydride atomic fluorescence 

spectrometry determination of iron ore in the arsenic 

  
First, the method summary 

The samples were treated with microwave digestion method using the ascorbic acid 

thiourea phosphate as a masking agent, atomic fluorescence spectrometry determination of 
arsenic in iron ore.The detection limit 0.35ug / L, 97.5% to 106.5% of the 
recoveries.Verification standard analysis, the results with the standard value, the RSD 
was 4.24%.Using the method of separation of arsenic in iron ore, with satisfactory 
results. 
Second, reagents 

Arsenic standard stock solution: 10 mg / L.Formulated according to conventional 
methods, when used according to the need to serially diluted into a desired concentration; 

Ascorbic acid thiourea solution: Weigh 10 g ascorbic acid, 10 g thiourea 100 ml of 
hydrochloric acid and 400ml water now equipped with; 

H 3 PO 4 : 1: 1 (V / V); 
The potassium borohydride: 20 g / L (5 g / L KOH medium) with the existing service; 
Reagent excellent pure or analytical grade, water is deionized water. 

Third, the test conditions 
See arsenic standard analysis conditions 

4, experimental methods  
4.1 Sample processing weighed 0.3 g (accurate to 0.0001 g) sample was digested in the 

Teflon tank, add 5 ml of HNO ,₃  2 ml HC1, l ml HF, tighten the lid, the sample shaking 
uniformly, and allowed to stand overnight.Digestion in the microwave power of 50% for 6 min, 



10 min, digested in 70% of the microwave power Digestion 100 microwave power for 6 min, 
removed, cooled to room temperature, using the same steps of the blank test. 

4.2 Test procedure accurate pipetting of arsenic standard solution and sample solution 
in 50 mL volumetric flask, the appropriate additional HCI to adjust the acidity of 1.0 mol / 
L, adding ascorbic thiourea mixed solution of 10 ml, 2.5 ml of H 3 PO 4 (1: 1 ), placed 15 min, 
import by the injection device, and then with 20 g / L of potassium borohydride solution 
mixed hydride generated by argon Loading quartz furnace atomic fluorescence spectrometry 

determination. 
V. Results and Discussion  

Said to take iron ore samples, as well as YSB14721 98 standard 0.3 g (accurate to 0.0001 
g), 4.1 steps after processing.With 400 g / L KOH solution to appear cloudy, then add 1: 
2HN0 3.To precipitate just dissolved, then add 120 g / L NaAc10 ml, boiled for 2 min ~ 3 min 
precipitation cohesion, coolish, moved into a 50 ml volumetric flask, dry filter, 
operating at 4.2 step, the results are shown in Table 1.And simultaneous determination of 
silver salt method, the results show that the method is consistent with other methods, 

the relative standard deviation of 4.24%. 
The analysis results of the samples in Table 1. w (As) / l0 -2 
  

Sample Standard 

values 
The method /% GB

GB6730.46-
86

Average RSD /% 

Iron ore 1 
Iron ore 2 
YSB14721-
98 

  
0.004 6 

0.036 0.037
0.072 

0.004 5 0.004 6 
0.004 9 0.004 7 

0.072
  
  
0.004 8 

 
  
0.004 

6 
0.004 

4

4.24 

  
The test results show that the alkali metal, alkaline earth metal hydride atomic 

fluorescence method for the determination of trace arsenic does not interfere with the 

determination of the presence of Fe, Ni, Co, Cu, Ge, Ag, Bi, Se, Te, Sn and other elements 
of the determination of arsenic serious interference, W, Mo, and other elements in the 
sample dissolution process water parse out the adsorption of arsenic, so the low 

measurement results.Used in this assay thiourea ascorbic acid to eliminate a large number 

of Fe, Ni, Co, Cu, Ge, Ag, Bi, Se, Te, Sn interference, the use of H 3 PO 4 Inhibition of W, 
Mo interference.Under the selected experimental conditions, the fluorescent intensity 
relative error is less than ± 5, a variety of interfering elements limited (mg/50 M1): Fe 
100, Ni, 5, CO 250, Cu 125, Mn 20, CR 10, Ge, and Ag 2 , Bi, Se, Te, Sn, W, Mo, Zn, Au 2 does 
not interfere with the determination. 
Six, methods sources 

Mineral rock 26 l 



Antimony (Sb) 

2.1 Physical Characteristics 

Atomic weight:                                    121.750 
Ionization energy:                                    8.60 eV 
Hydride dissociation energy:                            3.2 eV 
LEVEL (eV) Wavelength (nm) 

206.83 0.000 - 5.992 
217.58 0.000 - 5.696 
231.15 0.000 - 5.362 
252.85 1.222 - 6.123 
259.81 1.055 - 5.826 
259.81 1.222 - 5.992 
267.06 1.055 - 5.696 
277.00 1.222 - 5.696               
287.79 1.055 - 5.362 
  

2.2 standard stock solution 

(1) standard stock solution (1mg/ml): Weigh accurately 1.000g, high purity Sb powder 
dissolved in (1) 10ml HNO 3 + 5ml HCl solution in dissolved completely diluted to 1000ml;, 
or (2) 10ml HBr + 2 ml of bromine in the dissolved completely before adding 10ml HClO 4, and 

then placed in a well-functioning fume hood heat until the white smoke disappears, 

continue heating HBr is all driven out in a few minutes, and finally cooling the solution 
and diluted to 1000ml. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
Antimony (4) the standard series configuration, superior grade of pure hydrochloric 

acid, deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid (ml) 

Add 10% of thiourea 
or (5% thiourea +5% 
ascorbic acid) 
(Ml) 

Adding antimony 

stock solution 
(0.1mg / L) 
(Ml) 

Given 

volume 
(ml) 

The 

concentration 

of the 

solution 
(Ug / L) 

Std0 10 10 0 100 0 
Std1 10 10 1 100 1 
Std2 10 10 2 100 2 
Std3 10 10 4 100 4 



Std4 10 10 8 100 8 
Std5 10 10 10 100 10 
Single standard automatic grading curve

Std5 10 10 10 100 10 
  
Notes: 
1, inorganic antimony, trivalent and pentavalent, the instrument can only measure the 
trivalent antimony, added thiourea, thiourea, and ascorbic acid, thiourea, and potassium 

iodide effect is reduced to trivalent antimony to pentavalent antimony. 
2, have ample reduction time; summer in more than 30min, winter, depending on the regional 
temperature, reduction time corresponding extension.Using thiourea and potassium iodide mixed 
reductant restore faster. 
3, thiourea is very bad melt, especially in the relatively low temperature environment, the 
preparation can be heated with an electric furnace. 
(5) the standard curve (for example) 

 

2.3 standard analysis conditions 

Reducing reagent:                                       1.5% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Trivalent 
Standard acidity:                                        5-10% (V / 

V) HCl 
Carrier liquid: 2% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 



The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 30 
A (B, C) Road assist lamp current (mA) 30 

2.4 Sample Summary 

Water samples: 
Thiourea was added to the samples had previously been acidified with 3mol / L HCl 

aqueous solution (5%) - ascorbic acid (5%) of the mixed reagent, to begin with AFS sample 
detection. 
Metal or alloy samples: 

After the sample is dissolved, adjust the acidity of the solution with HCl to 3mol / L. 
Adding sufficient thiourea (5%) - ascorbic acid (5%) depending on the element content 

in the mixed reagent is placed can be detected after 10 minutes. 
Geochemical samples: 

After the sample with the king treatment into a concentrated solution is evaporated 

at a low temperature, and then it is transferred to a volumetric flask with 3mol / L HCl, 
and depending on the element content, adding sufficient thiourea (5%) - ascorbic acid (5 %) 
mixed reagent, dilute to the mark. (The final acidity of the solution should be greater 

than 2.5 mol / L) analysis of this sample after 10 minutes. 

2.5 Interference and Elimination 

Cu, Co, Ni, etc. will interfere with the detection of the Sb elements, these 
disturbances may be + 5% ascorbic acid mixed solution by adding 5% thiourea 
eliminated.When HCl concentration of more than 2.5 mol / L, thiourea can also play the role 
of a reducing agent, will the pentavalent antimony restore trivalent.Other hydride-

forming elements, in the content thereof is not more than 10 μ g / ml of the case does not 
affect detection of the Sb. 

If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 



2.6 Application method compilation 

  

2.6.1 hydride generation atomic fluorescence spectrometry determination of 

trace arsenic antimony metal zinc 

  
First, the method summary 

By hydride generation atomic fluorescence spectrometry determination of arsenic and 

antimony in zinc metal continuously optimize the test conditions, the detection limit of 

arsenic and antimony were 0.25 / L and 0.10 / L, and the recoveries of the two elements 
between 95% to 108%, the relative standard deviation of 1.3% and 1.0%, respectively.This 
Act is quick and easy determination of zinc metal 0.0030 x% ~ 0.0 x% range of arsenic and 
antimony, with good results. 
Second, reagents 

Hydrochloric acid: excellent pure;  
Nitric acid: excellent pure;  
Thiourea-ascorbic acid solution: Weigh 5 g of thiourea and 5 g of ascorbic acid, 

dissolved in 100 mL of water, shake, with existing service; 
Potassium borohydride solution 15 g / L: that 2 g of potassium hydroxide dissolved in 200 

mL of water, 15 g of potassium borohydride and dissolve, dilute with water to 1 000 mL shake, 
now when equipped; 

Arsenic, antimony standard stock solution (National Research Center): 1 000 ug / mL; 
Arsenic, antimony standard solution: 1ug/rnI, arsenic, antimony standard stock 

solution to 1.2 mol / L HCL serial dilutions made now with the time. 
Test and double distilled water. 

Third, the test conditions 
See antimony standard analysis conditions 

4, experimental methods  
4.1 standard curve shift to take 0.00 mL, 0.50 mL, 1.00 mL, 2.00 mL, 4.00 mL, 8.00 mL, the 

arsenic of 10.00 mL of 1ug/nL of, antimony standard solution in a series of 100 mL 
volumetric flask, add 10 mL of hydrochloric acid and 10 mL of thiourea ascorbic acid 
solution, dilute with water to the mark, shake, were measured for 50 min, this mixed 
standard of arsenic, antimony concentrations of 0, 5, 10, 20, 40, 80, 100ug / L.In a 
preferred measurement conditions of the instrument, the measured respective arsenic, 

antimony concentration of fluorescence intensity, and the standard curve with the 

standard curve method. 
The 4.2 sample pre-treatment: the sample arsenic, antimony content of less than 0.001%, 

said take 1.000 0 2.000 0 g sample in a 250 mL beaker, covered table dish times slowly added 
(1 +1) nitric acid 20 mL, cold soluble, the reaction is substantially stopped, the low-
temperature heating the sample is dissolved, until the sample is completely dissolved, 

the heating was continued for about evaporated to 5 mL, in order to get rid of the 



nitrogen-oxygen compound, and remove the cooling, the solution was transferred to a 100 
mL volumetric flask. Add 10 mL of hydrochloric acid and 10 mL of thiourea ascorbic acid 
solution, diluted with water to the mark, shake, placed more than 50 min were 
measured.Blank test. Weigh sample arsenic, antimony content greater than 0.001% 1.000 0 ~ 
2.000 0 g sample in a 250 mL beaker, covered table dish times slowly adding (1 +1) nitric 
acid 20 mL, Leng Rong reaction essentially stopped, the low-temperature heat to dissolve 
the sample until the sample is completely dissolved, remove the cooling, the solution was 

transferred to a 100 mL volumetric flask, diluted with water to the mark.Take the 
appropriate volume of solution in a 100 mL volumetric flask, add 10 mL of hydrochloric acid 
and 10 mL of thiourea ascorbic acid solution diluted with water to the mark, shake, placed 
more than 50 min were measured.Blank test. 
V. Results and Discussion  

Sample arsenic, antimony content is determined by experimental methods, the analysis 

results are shown in Table 1, Table 2 below. 
  

Table 1 Sample arsenic content analysis 
Sample 

Name 
Standard 

values 
Measured values Average The relative 

standard deviation 

(RSD) 
  
Zinc 

ingots 
GBW02703 

  
0.0052 

0.0054 0.0051 

0.0049 0.0055 
0.0053 0.0050 
0.0052 

 

0.005

2 

 

4.2 

  
Antimony content analysis of the results in Table 2 Sample 
  

Sample 

Name 
Standard 

values 
Measured 

values 
Average The relative 

standard deviation 

(RSD) 
  
Zinc 

ingots 
GBW02703 

  
0.010 6 

0.0104 0.0103

0.0107 0.0097 
0.0108 0.0101 

0.0106 

 

0.0104 
 

3.7 

  
Experimental results show that the zinc does not interfere with the determination of 

arsenic, antimony, 2 g or less.Zinc metal impurity elements Cu, Pb, Fe, Cd, As, Sb, Sn, Al, under 
the experimental conditions, for a 20ug / L standard solution of arsenic, antimony standard 
solution in order to measure the relative error is not greater than 10% does not affect 

the limit, the results show that the following elements amount (ug): Pb (20 000), Fe (000), 
Cd (10 000), Cu (4000), A1 (1 000), Sn (500), Sb (100) does not interfere with the 
determination of arsenic; Pb (20 000), Fe (10 000), Cd (10 000), Cu (4 000), A1 (1 000), Sn (50), 
As (50) does not interfere with the determination of antimony.For general zinc metal 
samples, measured with this method wherein the content of arsenic, antimony, impurities 

contained generally does not interfere with the determination of arsenic, antimony. 
Six, methods sources 

Yunnan Metallurgical Section 35 (3) (198) June 2006 



2.6.2 hydride generation atomic fluorescence spectrometry method for the 

simultaneous determination of arsenic and antimony decorative materials 

wallpaper 

  
First, the method summary 

4-acetic acid soaked atomic fluorescence spectrometry.The minimum detection limit of 
arsenic 0.26 ng / ml, antimony 0.16 ng / ml, take 0.5000 g sample measurement, the sample minimum 
detectable concentration of arsenic is 0.13 mg / kg, the relative standard deviation is 
less than 0.8%, a recovery of 98% to 102%; antimony to 0.08 mg / kg; relative standard 
deviation of <0.9%, the recovery rate of 97% to 104%.Bear  
On this Act good linearity, high sensitivity, interference, suitable for the simultaneous 

detection of arsenic and antimony decorative materials. 
Second, reagents 

Sodium hydroxide solution (5 g / L), sodium borohydride (NaBH 4) solution (10g / L): said 
take sodium borohydride 10.0 g, was dissolved in 5 g / L sodium hydroxide solution and 1 000 mL, 
mix This solution can be stored in a refrigerator for 7 d, daily use (after removing should 
take 14 g of potassium borohydride can also be called in place of 10 g of sodium borohydride); 

Sulfur urea (50 g / L) + ascorbic acid solution (50 g / L) mixed solution: respectively, 
said 5 g of thiourea, 5 g of ascorbic acid was dissolved in 100 ml of water, and mix; 

Hydrochloric acid solution (5%), acetic acid (4%); 
The arsenic standard stock solution (arsenic 1 000 ug/m1): National Research Center; 
Antimony standard stock solution (containing antimony 100 ug/m1): provided by the 

National Research Center; 
Arsenic, antimony mixed standard the liquid (arsenic, antimony 100 ng/m1): Pipette 1.0 ml 

of arsenic standard stock solution, 10.0 ml antimony standard stock solution in a 100 ml 
volumetric flask, dilute with water to the mark, and this concentration 10.0ug / ml, 1.0 ml 
lessons 10ug/ml mixed standard solution in a 100 ml flask to volume, mix this solution 
concentration of 100 ng / ml.Arsenic, antimony mixed standard solution (arsenic 20 ng / ml, 
antimony 20 ng/m1): Pipette 2.00 ml of mixed standard solution (100 ng/m1) in a 100 ml 
volumetric flask, dilute with water to the mark, this concentration 20.0 ng / ml, this 
solution should date preparation used. 
Third, the test conditions 

See antimony standard analysis conditions 
4, experimental methods  

4.1 Preparation of standard series take a 25 ml volumetric flask, each accurately 
adding 20 ng / m arsenic antimony mixed standard using liquid 0, 1.25, 2.5, 5.0, 10.0, 15.0, and 
20.0 ml (each equivalent to 0, 1.0, 2.0, 4.0, 8.0 , 12.0, 16.0 ng/m1) plus hydrochloric acid 
solution (1 +1) 2.0 ml, thiourea (50 g / L) + ascorbic acid solution (50 g / L) of mixed solution of 
5.0 ml, supplemented with water to the mark, and mix, placed 30 min backup measured. 

4.2 Sample Handling the sample was cut into small pieces, said to take 0.5 g (accurate 
to 0.0001 g) of the sample in a 100 ml Erlenmeyer flask, add 100 ml, placed in 4% acetic acid 
heated to 60 ° C water bath for 2 h, while doing blank .Remove the cooled supplemented 
with 4% acetic acid to 100 ml.Take 10 ml soaking solution in a 25 ml flask, added thiourea 



(20 g / L) + mixed solution of 1.0 ml of potassium iodide solution (100 g / L), to supply water 
to the mark and mix prepared measured. 
V. Results and Discussion  

Recovery test select arsenic, antimony, is low, medium, and high concentration 

samples, a similar amount of standards added to the sample, as determined by the present 

method, samples of arsenic, antimony recovery results.(Table 1).Arsenic average recovery 
was 98.4% to 102.0%.Antimony average recovery was 97.9% to 103.2%, in line with the 
analytical method requirements. 

  
Table 1 arsenic, antimony recovery test 

Sample 

Name 
Background 

values 

(ug) 

Plus scalar 

(ug) 
Measured 

value (ug) 
Recovery (%) 

  
Arsenic 
  
  
Antimony 

1

2 
3 
1 
2 
3 

2.97

10.6 
55.83 
2.78 
11.29 
48.54 

5.07

19.73 
105.25 
468 
21.98 
98.42 

102.0 
98.4 
100.6 
97.9 
103.2 
99.9 

  
Interference studies Simultaneous Determination of Arsenic, Antimony, after adding 

ascorbic acid solution of thiourea in acid medium, were added to 100 times the 
concentration of arsenic antimony mercury, selenium, bismuth, lead, cadmium, zinc, 

tellurium, germanium, tin, and other can produce the elements of atomic fluorescence, the 

experiments show that in this range without interference; matrix interference situation, 

the other element does not produce atomic fluorescence, and the existence of certain 

anionic experiment.Were added to 1000 times more arsenic antimony concentrations of copper, 
calcium, magnesium, iron, barium and source water limited plant 10 times the concentration 
of Cl, SO 2 

A,
 PO 3 - 4 No interference. 

Six, methods sources 
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2.6.3 hydride atomic fluorescence spectrometry determination of trace amounts 

of antimony in the purity lead 

  
First, the method summary 

Of micro antimony hydride purity lead atoms fluorescence spectroscopic 

methods.Investigated the optimum conditions, the interference to eliminate the influence 

of methods and acidity.The results show that the sample dissolved in nitric acid was 

evaporated to the precipitation of lead nitrate was added hydrochloric acidity of up to 
20%, the lead base body in the form of lead chloride precipitate to eliminate the 
influence of the matrix of lead and other coexisting ions do not interfere with the 

determination of the antimony.The limit of detection (0.37 ug / L, spiked recoveries between 
95.0% to 101.4%, RSD was 1.73%. 



Second, reagents 
Antimony standard solution: 10 and 1 mg / L, the medium is hydrochloric acid (1 +4); 
Antimony standard working solution of 0.0, 10.0, 30.0, 50.0, 100.0, 200.0 ug / L acidity 

of hydrochloric acid (1 +4), containing 5 g / L thiourea and 5 g / L ascorbic acid medium, now 
use the existing service; 

Potassium borohydride solution: 25 g / L (containing 5 g / L NaOH); 
Mixture: 5 g / L thiourea - 5g / L ascorbic acid; 
Carrier: hydrochloric acid (1 +4); Double-distilled water. 

Third, the test conditions 
See antimony standard analysis conditions 

4, experimental methods  
Weigh purity lead samples 0.100 0 ~ 1.000 0 g in 150 mL beaker, add nitric acid (1 +2) 10 mL, 

covered with a watch glass and heated until completely dissolved, boil rid of nitrogen 

oxide, remove to washing surface of the dish and Beibi, transferred to a 50-mL volumetric 
flask, add hydrochloric acid (1 +4) 10 mL, thiourea an ascorbic acid mixture of 5 ml with 
water and a constant volume, it is formulated as a solution to be measured.The solution 

to be tested according to the test method measuring the fluorescence intensity, in 

comparison with its standard fluorescence intensity, the content thereof was calculated. 
V. Results and Discussion  

The application of this method in the lead samples adding different amounts of 

standard added recovery test results showed that the samples spiked recoveries from 95.0% 
to 101.4% of the question.Repeated measurements of lead samples six times calculated 
containing antimony average of 1.06 ug / g_, RSD 1.73%. 

When the lead content of less than 1 g, in the medium of hydrochloric acid (1 + 4) does 
not interfere with the determination of antimony, lead chloride precipitate, the 

precipitation in the presence of a reducing agent ascorbic acid and do not affect, of 

antimony neither adsorption determination.Methods Weigh lg less amount of lead dissolved 
in nitric acid, adding hydrochloric acid and thiourea and an ascorbate, constant volume 

directly measured.The coexistence of impurity elements in high purity lead technical 

conditions and lead test dozen coexisting elements measured.The tests showed that the 

determination of the relative error is less than 10%, the following coexisting elements 

allows the amount (ug meter) as: SE 4 +, Bi 3 + (30), of Ag + Co. 2 + (40), of Ni 2 +, of Te 4 +, Sn 4 +, of 

Cd 2 +, Si 4 + (50), Cu 2 +, Zn 2 + (40), As 3 + (60), Fe 3 + (300).The presence of potassium, sodium, 
and a small amount of sulfuric acid on the determination of non-interference.No effect on 

the impurity elements in high purity lead is present in an amount far less than the above 

amount, the determination of these elements antimony.Thiourea, and added conducive to 

eliminate some elements antimony interference. 
Six, methods sources 
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2.6.4 atomic fluorescence spectrometry determination of antimony in the the 

FCCU balance agent 

  



First, the method summary 
The heavy metals in FCC feedstock oil will cause serious pollution of the FCC 

catalyst, the resulting catalyst activity, selectivity and stability, and performance is 

greatly reduced.Add passivating agent containing a metal such as Sb contamination of heavy 
metals on the catalyst, can be effectively suppressed better play to the excellent 

performance of the catalyst.Detection of antimony in the balance agent must do in order 

to make more reasonable distribution of cracking products and the best performance of the 

catalyst, to provide a reliable analysis of data for the production.A long time, has been 

the lack of a simple and effective method for detection of antimony in the balance 

agent.Atomic fluorescence instrument mainly used in geology and environmental protection , 
In areas such as medicine and commodity inspection, has not been used for coverage of the 

chemical industry.The same time, no off-the-shelf method available, brought to trial 

difficulty equilibrium catalyst sample processing.This study was to optimize the 

parameters of atomic fluorescence instrument, this method is simple, fast measurement 

rate, high precision and accuracy of the analytical results, be able to meet the needs of 

antimony content analysis balancing agent for FCCU production adjustment favorable basis. 
Second, reagents 

Nitric acid, sulfuric acid and hydrochloric acid (superior grade pure); 
Thiourea + ascorbic acid mixture: 10 g of thiourea and ascorbic acid dissolved in 200 mL 

of water; 
Reducing agent: KBH 4 solution; 
Sb standard solution: 1000 ug / mL (national standard substance Centre) 

Third, the test conditions 
See antimony standard analysis conditions 

4, experimental methods  
Sample preparation: Samples 0.1 ~ 0.3 g, add a little water to wet the to join mixed 

acid heated evaporation to near dryness.1:1 HC1, was added the heated extract to 50 mL 
volumetric flask, dilute to the mark.Sub 2 ~ 10 mL of solution in a 50 mL volumetric flask, 
adding a certain amount of thiourea + ascorbic acid mixture, and a certain amount of HC1, 
and finally diluted with distilled water to the mark, shake, under test. 
V. Results and Discussion  

Mixed acid using 20 mL HF +10 ml of 1:1 H � SO 4 and 5 mL of HF +1 ML1: 1 H 2 SO � For the 
equilibrium catalyst samples exactly the same processing capacity, in order to save 

reagents and improve work efficiency, using 5 mL HF +1 mL1: 1 H 2 SO 4 process samples of 
equilibrium catalyst. 

Atomic Fluorescence Spectroscopy selective small interference.Atomic fluorescence 

instrument is simple in structure, easy to operate, fast measurement rate, high precision, 

good stability.Equilibrium catalyst samples to HF acid mixed acid and sulfuric acid 
treatment, the method is simple, easy to operate, reliable data to meet the needs of its 

equilibrium catalyst sample the antimony content analysis test. 
Six, methods sources 
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2.6.5 Atomic Fluorescence Spectrometry Determination of antimony content in 

the zinc alloy 

  
First, the method summary 

Zinc alloy products more and more widely in recent years, the grade development from 

a dozen to more than one hundred; production from the tens of thousands of tons of 

development to hundreds of thousands of tons.Zinc alloy in low levels of antimony in the 

past the use of extraction, separation spectrophotometric determination of crystal violet, 

the use of organic reagents, analytical process long, complicated operation.Completely 
zinc alloy sample is decomposed by nitric acid, tartaric acid, thiourea-ascorbic acid 
solution to Sb 5 + Pre-reduction to Sb 3 +, 1.2 mol / L hydrochloric acid medium, Sb 3 + Potassium 
borohydride restore hydride atomic fluorescence spectrometry determination of zinc alloy 

of antimony.The method is sensitive, less interference, good reproducibility, wide linear 

range.The method is adapted to the zinc and zinc alloys Determination of antimony content 
of 0.001% to 0.05%. 
Second, reagents 

Hydrochloric acid (superior grade pure), nitric acid (superior grade pure), tartaric acid, 
potassium hydroxide; 

Nitric acid tartrate solution: Weigh 100 g of tartaric acid, and 500 mL of nitric acid 
dissolved; 

Carrier solution: hydrochloric acid (1.2 mol / L); 
Potassium borohydride solution: Weigh 2.5 g of potassium hydroxide, and 10 g of potassium 

borohydride dissolved in water and diluted to 500 mL (with existing service); 
Potassium iodide solution: Weigh 25 g of potassium iodide, dissolved in water and 

diluted to 500 mL (with existing service); 
Thiourea-ascorbic acid solution: Weigh 25 g thiourea, 25 g ascorbic acid, dissolved in 

water and diluted to 500 mL (with existing service); 
Antimony Standard Storage solution: Weigh taken 0.100 0 g antimony metal (> 99.95%) in 

a 300 mL beaker, add 1 g of tartaric acid, and 30 mL of nitric acid (1 + 1), heated and 
dissolved completely, and evaporated to a nearly, cooling, adding 50 mL hydrochloric acid 
(1 +1) dissolved salts slightly hot, boiling rid of the oxides of nitrogen to remove the 
cooling constant volume in 1 000 mL volumetric flask with hydrochloric acid (1 +1).This 
solution antimony containing 0.1 mg per ml; 

Antimony standard solution: Pipette l0.00 mL the antimony standard stock solution in a 
200 mL volumetric flask with hydrochloric acid (1 +1) constant volume.This solution per 
milliliter antimony containing 5ug; 
Third, the test conditions 

See antimony standard analysis conditions 
4, experimental methods  

4.1 standard series: a series of 100 mL volumetric flask were added antimony standard 
solution 0, 1.00 mL, 2.00 mL, 3.00 mL, 4.00 mL, 5.00 mL.Added 1 g of pure zinc solution, 10 mL of 
hydrochloric acid, 10 mL thiourea-ascorbic acid solution, diluted with water to volume, 
and mix.Atomic fluorescence spectrometer measured fluorescence values, antimony 



concentration as abscissa fluorescence value (the instrument automatic deduction blank) for 
the vertical axis, the working curve. 

4.2 sample analysis that take 1.000 0 g zinc alloy sample in a 150 mL beaker, add 12 mL 
of nitric acid and tartaric acid solution, electric stove on low temperature dissolved 
completely, remove the cooling.Transferred to a 100 mL volumetric flask, add 10 mL of 
hydrochloric acid, 10 mL thiourea-ascorbic acid solution, dilute with water to volume, 
and mix.For 30 min, under optimum working conditions of the instrument, a solution of 
potassium borohydride as reducing agent, carrier transfer zero, followed by measurement 

of the blank, the standard solution and the sample fluorescence value from the work on 

the curve corresponding antimony concentration. 
V. Results and Discussion  

Triplicate samples, different standard solution of antimony content, by analysis 

steps measured the antimony amount, examine its accuracy and recoveries are listed in 

Table 1. 
Table 1 zinc antimony alloy samples plus standard analysis and recoveries% 

Sample 

No. 
Standard 

values 
Results The 

amount 
Recovery 

of the 

total 

Recoveries 

BYG0403-

3 the 

first 

point 

BYG0403-

3 of the 

third 

point 

BYG0403-

3 fifth 

point 

0.0021 
  
0.0082 
  
0.0310 

0.0023

  
0.0083 
  
0.0316 

0.002

5 
  
0.010

0 
  
0.035

0 

0.0049

  
0.0181 
  
0.0660 

104.00 
  
98.00 
  
98.28 

In the determination process, which can produce gas and liquid phases two categories 

interference liquidus interference refers to potassium borohydride reduction of metal 

ions into a single mass of metal adsorption stibine coprecipitate; vapor interference 

mainly refers to arsenic, tin and germanium hydride The stibine interference.The 

experiments show that: in measuring the volume of 100mL, Zn (0.2 g), Fe (8 mg), A1 (30 mg), Cu 
(8rng), Pb (8 nag), Cd (8 mg), Ag (0.2 mg), Ge (80ug), Hg (80ug), SiO 2 (0.30 rng)), F (0.2 mg)), Fe 
(8 mg), As (0.10 mg), Sn (0.10 mg) of antimony no significant impact, affect the determination 
of the large number of zinc in the presence of antimony, added to the standard solution 

can be used in the appropriate amount of pure zinc reached eliminated with the sample 

matrix matching, determination of large amounts of arsenic, tin, antimony serious 

interference, using a method of heating atomized furnace eliminate . 
Six, methods sources 
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2.6.6 Online hydride generation atomic fluorescence method for the 

determination of trace amounts of antimony in environmental samples 

  
First, the method summary 

Antimony abundance 0.7ug / g (Patricia et al, 1998), the background concentrations of 
antimony in the soil of 0.38 ~ 2.98 ug / g (Mengchang often, 2003), a lower concentration of 
natural water in the Earth's crust is generally 1ng Patricia et a1 / mL or less (1998), the 
average concentration of about 0.2 ng / mL (Guang Xu, 2001).China's antimony reserves in the 
world, resources accounted for 50% of the world's total, and I am also the world's 
production and export of antimony products superpower (Spots, 2001).With the continued 
exploitation of the mineral resources of antimony, product development and widespread use 

of antimony ubiquitous environment, mainly in the form of Sb (Ⅲ) and Sb (Ⅴ) exists in the 
environment organisms and geochemical samples (Montserrat et a1, 2002), but as yet there is 
no conclusive evidence that antimony is the human body must be elements (Krachler et al, 
2001), and antimony and its compounds have been identified by the U.S. Environmental 
Protection Agency (USEPA) and European Union (EU) as one of the priority the detection of 
toxic elements (Montserrat et al, 2002).Antimony pollution on the environment has aroused 
extensive attention of scholars at home and abroad (Zhang Junying, 2001), China's newly 
revised national standards (GB3838 - 2002) provides the standard of drinking water limit of 
5 ng / mL.In order to evaluate and monitor antimony pollution of the environment, combined 
with existing laboratory equipment, the establishment of the online micro-hydride 

generation atomic fluorescence method of direct determination of trace amounts of 

antimony in environmental samples, this method is simple, low power consumption, stable 

sensitivity high, the lowest detection limit of 0.084 ng / mL, to meet the requirements of 
the determination of general soil and water antimony. 
Second, reagents 

The purity of the reagents used were of analytical grade or superior grade pure, 

Determination of the water is deionized water or water of equivalent purity;  
1% solution of sodium borohydride (NaBH 4), said take sodium borohydride 2.5 g was 

dissolved in 0.2 mol / L sodium hydroxide solution, 250 mL, when the existing service; 
Pre-reducing agent (thiourea potassium iodide-ascorbic acid mixed solution) said take 

thiourea g, potassium iodide, 5 g, ascorbic acid 5 g, dubbed l00 mL solution, now with the 
current; 

Antimony standard stock solution ρ (Sb) = 0.100 mg / mL, referred to take antimony 
potassium tartrate (KSbC 4 H � O 7 · 1 / 2H 2 O) 0.274 g add hydrochloric acid (1 +9) 50 mL of 
dissolved shifted 100 mL volumetric flask of pure water to the mark; 

Standard solution ρ of antimony (Sb) = 2.00ug/mL draw 2.00 mL antimony standard stock 
solution in a 100 mL volumetric flask, add l0 mL (1 +1) hydrochloric acid to volume with 
pure water; 

Antimony standard solution ρ (sb) = 0.100 ug / mL, and take the standard of 2.00 ug / mL 
antimony solution 5.00 mL in 100 mL volumetric flask to volume with pure water, and the 
date of preparation; 

Mixed acid, nitric acid: sulfuric acid: perchloric acid = 30:5:3 (Krachler, et al, 2001) 
(volume ratio), now with the existing service; 



25% tartaric acid in a (1 +1) hydrochloric acid solution, weighed 25 g of tartaric acid, 
with a (1 +1) hydrochloric acid were dissolved and diluted to l00 mL. 
Third, the test conditions 

See the arsenic standard conditions of use 
4, experimental methods  

4.1 standard curve: In six 50-mL volumetric flask, respectively accurate Add 0.00 mL 
0.50 mL, 1.00 mL, 2.00 mL, 3.00 mL, 5.00 mL antimony standard solution were added to (1 +1) 
hydrochloric acid 10 mL and pre-reducing agent placed in 3 mL, constant volume measured 
after 30 min.Solution concentration as abscissa, the fluorescence intensity of the 
longitudinal coordinates, calculated using the method of least squares regression 
equation. 

4.2 Analysis of water samples: imbibe a certain volume of water samples in a 50-mL 
volumetric flask, the other steps in the same standard curve, calculated according to the 

regression equation sample concentration. 
4.3 Soil samples of the analysis (Krachler, et a1., 2001): Weigh accurately take 0.1 ~ 0.3 

g sample in plastic Wang crucible crucible in (while doing blank test) Add mixed acid 6 mL of 
hydrofluoric acid 3 mL of, slowly heated 2 ~ 5 h, to dry the the smoke 3 min, remove the 
cooling, add 10 mL of tartaric acid a hydrochloric acid solution, and transferred to 50 mL 
volumetric flask, add reductant 3 mL water volume, shake, standing to clarify, 6 h within 
determination. 
V. Results and Discussion  

The determination of antimony in the nearest several water samples and do spiked 

recovery test, the recovery rate of 92.8% to 106.9% (see Table 1), consistent with the 
analysis requirements. 
Table 1 environmental water samples antimony and recovery test 

  
Sample 

/ Ng / ml 

of the 

sample 

measured 

values 

Added 

value 

/ ng / 

ml 

Spiked after 

the 

determination 

of the value 

of 
/ Ng / ml 

Recoveries 
(%) 

Fu river 
Xinjiang 

groundwater 
SWKL190 water 

samples 
Laboratory tap 

water 
Dean Nie bridge 

under the bridge 

brook 

0.283

0.506 
0.155 
0.375 
2.595 

0.5

1.0 
1.0 
1.0 
2.0 

0.727

1.490 
1.202 
1.470 
4.601 

92.8 
98.9 
104.1 
106.9 
100.1 

National standard sample analysis test: The method was used on three standard 

substances analytical control results in the standard value range 
Table 2 national standard sample analysis test 

The number and name 

of the standard 
RSD /% (n = 

5) 
Measured value 

/ μg / g 
Standard 

value / μg 

/ g 



GBW07306 stream 

sediment 
GBW07403 soil 
GBW07403 soil 

2.3

4.8 
2.6 

1.18

0.47 
1.17 

1.25 ± 

0.33 
0.45 ± 

0.15 
1.0 ± 0.3 

  
Six, methods sources 
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Three bismuth (Bi) 

3.1 Physical parameters 

Atomic weight:                                   208.980 
Ionization energy:                                   7.30 eV 
Hydride dissociation energy: 3.2 eV 
LEVEL (eV) Wavelength (nm) 
206.17 0.000 - 6.012 
222.83 0.000 - 5.562 
223.06 0.000 - 5.556 
227.66 0.000 - 5.444 
262.79 1.416 - 6.132 
269.67 1.416 - 6.012 
278.05 1.416 - 5.873 
289.80 1.416 - 5.692 
293.83 1.914 - 6.132 
298.90 1.416 - 5.562 
299.33 1.416 - 5.556 
302.46 1.914 - 6.012 
306.77 0.000 - 4.040 

3.2 standard stock solution 

(1) standard stock solution (1mg/ml): Accurately weigh 1.000 g of high purity metals Bi, 
was dissolved in 8ml 10mol / L of HNO 3 solution temperature boiling state, and diluted to 
1000ml brown smoke expelled. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
(4) configuration of the standard series of bismuth, excellent grade pure hydrochloric 

acid, deionized water (resistivity ≥ 10M ohms) 



Item 

No. 
Concentrated 

hydrochloric 

acid (ml) 

Add to the bismuth 

concentration of stock 

solution (0.1mg / L) 
(Ml) 

Fixed 

volume 
(Ml) 

The 

concentration 

of the 

solution 
(Ug / L) 

Std0 10 0 100 0 
Std1 10 1 100 1 
Std2 10 2 100 2 
Std3 10 4 100 4 
Std4 10 8 100 8 
Std5 10 10 100 10 
Single standard automatic grading curve

Std5 10 10 100 10 
Note: bismuth wide acidity range, generally 10% -20% hydrochloric acid to obtain higher sensitivity. 
(5), the standard curve (for example) 

 

3.3 standard analysis conditions 

Reducing reagent:                                       1.5% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Trivalent 
Standard acidity:                                        5-20% (V / 

V) HCl 
Carrier liquid: 2% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 



Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 30 
A (B, C) Road assist lamp current (mA) 30 

3.4 Sample Summary 

Water samples: 
Thiourea was added to the samples had previously been acidified with 3mol / L HCl 

aqueous solution (5%) - ascorbic acid (5%) of the mixed reagent, to begin with AFS sample 
detection.The thiourea Add influential the Bi element detection sensitivity.If only detect 
a single Bi element, available Fe (3 +) salt instead of thiourea (5%) - ascorbic acid (5%) 
of a mixed reagent, to eliminate interference. 
Metal or alloy samples: 

After the sample is dissolved, adjust the acidity of the solution with HCl to 3mol / 
L.Adding sufficient thiourea (5%) - ascorbic acid (5%) depending on the element content in 
the mixed reagent is placed can be detected after 10 minutes.The thiourea Add influential 
the Bi element detection sensitivity.If only detect a single Bi element, available Fe (3 +) 
salt instead of thiourea (5%) - ascorbic acid (5%) of a mixed reagent, to eliminate 
interference. 
Geochemical samples: 

After the sample with the king treatment into a concentrated solution is evaporated 

at a low temperature, and then it is transferred to a volumetric flask with 3mol / L HCl, 
and depending on the element content, adding sufficient thiourea (5%) - ascorbic acid (5 %) 
mixed reagent, dilute to the mark. (The final acidity of the solution should be greater 

than 2.5 mol / L) analysis of this sample after 10 minutes.The thiourea Add influential the Bi 
element detection sensitivity.If only detect a single Bi element, available Fe (3 +) salt 
instead of thiourea (5%) - ascorbic acid (5%) of a mixed reagent, to eliminate 
interference. 

3.5 Interference and Elimination 

Cu, Co, Ni and Au, etc., will interfere with the detection of the elements of Bi, Cu 
and Au, interference can be eliminated by the addition of thiourea, but using the masking 
agent will reduce the sensitivity of detection.Performing the analysis of a solution of 



Fe (3 +) salts, and adjust its concentration to 1 mg / ml, was added, the permissible 
content of the interference elements mentioned above can be significantly improved.Other 

hydride-forming elements, in the content thereof is not more than 10 μ g / ml of the case 
does not affect the detection of Bi. 

If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 

3.6 Application method compilation 

  

3.6.1 hydride generation atomic fluorescence spectrometry determination of 

trace amounts of bismuth in geochemical samples 

  
First, the method summary 

Samples by aqua regia dissolution, KMnO 4 Solution oxidation, oxalic acid to remove 
excess KMnO 4 After the system directly by hydride generation atomic fluorescence 
spectrometry determination of trace Bi in geological samples.The method allows the elements 
of Au, Pd, As, Sb, Se, Te, etc. to allow a large quantity is improved, to reduce the 
interference of coexisting elements of Bi measured in different measurement system.The 
method detection limit (6s) to 0.042 ug / g, precision (RSD, n = 12) and 1.88% to 5.57%.Verify 
the measured values with the standard geological reference materials by the State level; 

the Zhui agree.This method has been applied to the determination of bulk geochemical 
samples of Bi, and were measured with a sample solution, As, Sb, Bi, Hg. 
Second, reagents 

Bismuth standard stock solution: 1 000 mg / mL Bi, 1 mol / L HNO 3 medium; 
Bismuth standard working solution: 1 000 UG / L Bi, 1 mol / L of HNO 3 medium; 
Potassium borohydride solution: 7 g / L, 0.04 mol / L of KOH medium; 
Experiment with other reagents were of analytical grade. 

Third, the test conditions 
See bismuth standard analysis conditions 

4, experimental methods  
4.1 standard curve Pipette bismuth standard working solution 0.00, 0.50, 1.00, 2.00, 

3.00, 4.00 mL in 100 mL volumetric flask, φ = 20% aqua regia diluted to the mark, shake, 
dubbed 0, 5 , l0, 20, 30, 40 ug / L of Bi standard series. 

4.2 sample analysis steps that take 0.1000 to 0.5000 g sample in 25 mL colorimetric tube 
with a small amount of deionized water wetting, added new configuration φ = 50% aqua regia 
10 mL placed in a boiling water bath, after shaking keep 1 h, during remove shaking.Remove 
the cooling to room temperature, add 10g / L KMnO 4 Solution 1 mL, shake, place 20 min, with 
10g/LH 2 C 2 O 4 The solution was diluted to the mark, shake, place 48 h were measured by 
standard curve method. 



V. Results and Discussion  
Select the geochemical standard material GBW 07 108 GBW 07401, GBW 07309, GBW 

07310, respectively, parallel weighed 12 copies of Bi content was determined in accordance 
with the proposed analytical method in this paper, to calculate the relative standard 

deviation (RSD).The results are shown in Table 1. 
Table 1 precision of the method 

  
Standard 

material 

number 

W (Bi) / 10 -6   
RSD 
/% Measured values Average

GBW07108
Rock 
  
GBW07401 
Soil 
  
GBW07309 
Stream 

sediment 
  
GBW07310 
Stream 

sediment 
  

0.17 
0.18 
0.16 
1.18 
1.20 
1.17 
0.40 
0.43 
0.43 
0.36 
0.37 
0.38 

0.17
0.15 
0.17 
1.17 
1.16 
1.18 
0.41 
0.44 
0.42 
0.36 
0.36 
0.38 

0.18
0.16 
0.16 
1.19 
1.20 
1.21 
0.40 
0.42 
0.44 
0.39 
0.38 
0.38 

0.17
0.18 
0.17 
1.15 
1.23 
1.19 
0.43 
0.44 
0.40 
0.36 
0.38 
0.38 

 
0.17 
  
  
1.19 
  
  
0.42 
  
  
0.37 

  
5.57 
  
  
1.88 
  
  
3.67 
  
  
2.87 

  
Under the experimental conditions, several elements interfere with the more serious 

study of comparative tests.The results show that, in serious interference φ = 20% aqua 
regia medium, the determination of the selected elements of Bi, Fe 3 +, Cu, Co, Ni, etc. 
coexist element interference permissible amount increased several times.Fe 3 + presence 
added KMnO 4, the element oxidation of As, Sb, Se, Te, etc. to High, but excess KMnO 4 but 
Determination of interference of Bi.After testing with H 2 C 2 O 4 Can effectively remove 
excess KMnO 4, added in an amount of 10 g / L H 2 C 2 O 4 The solution was diluted to the mark 
can be realized.Au, Pd, As, Sb, Se, Te, etc. allow a large quantity measured in this system is 
improved, especially Au, Pd and other noble metal allowable amount increased nearly 10-fold, 
which may be due in this system, delaying of Au, Pd and other elements with KBH 4 the 
reaction, so that the the BI hydride generation efficiency; variable valence elements such 
as As, Sb, Se, Te can be KMnO 4 Oxidized to Z, Z As SB hydride formation efficiency is low, 
while the High SE, Te is not formed hydride, thereby decreasing the interference of the 
liquid and vapor phases of Bi.The interference experiment results are shown in Table 
1.Geochemical samples, in general, contain iron, so in the routine analysis can no longer 
added Fe 3 + that direct determination can be carried out under the selected experimental 
conditions. 

Solution placed time after dissolving the sample in accordance with the sample 
analysis process developed, it is done to the solution placed clarify experiment.The 

results show that, placed to clarify that the time had a greater influence on the 

determination of the sensitivity and precision, time is short and low sensitivity, poor 

precision, sensitivity is only 1/2 for 24 h measured within the RSD is greater than 20%, can 



not meet the requirements; 48 h after The determination of the most sensitive and tends to 
a constant.The reason may be due to the solution, if there exists a higher valence state 

of Mn ions of Bi Determination influential, with the lengthening of the storage time, the 
higher valence state of Mn ions is reduced to Mn 2 + after longer Determination of Bi 
interference; there may be because part of Bi 3 + Strong oxidizing medium is oxidized to 
high-priced, high-priced Bi not KBH 4 The reaction forming a hydride, the pending High BI 
complete conversion as Bi 3 + After longer affects the determination of Bi. 
Six, methods sources 
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3.6.2 hydride generation atomic fluorescence spectrometry determination of 

refined tin trace bismuth 

  
First, the method summary 

Atomic fluorescence spectrometry (AFS), atomic spectroscopy one of the three branches 
(AES, AAS, AFS); trace analysis is a new technology.Although a shorter history of its 
development, but in recent years with the hydride occurrence technology associated with 

many practical applications, especially in the determination of the elements of the trace 
amount of As, Sb, Bi, Sn, etc., its sensitivity is greatly better than the AAS method, it 
can be said that the AFS method is a supplement and improve the AAS method.However, due 
to the AFS method by sample matrix, it is mature and more limited to the determination of 
the micro trace elements in natural water, drinking water, food, cosmetics and other 

simple matrix.In order to study and promote the application of the the AFS method in the 
analysis of the non-ferrous metal products, overcome by AA S no easy solution to the 
problem of non-ferrous metal products in the micro analysis of trace elements such as As, 
Sb, Bi, Sn, and the subject first proposed using HC1 + HBr volatile exclude tin matrix, the 
determination of the micro trace bismuth ideas, and to solve the determination of the 

micro trace bismuth in the products of refined tin by hydride generation atomic 
fluorescence spectrometry (HG - AFS).The proposed method is rapid, simple, sensitive and 
accurate, Determination of bismuth 0.000x 0.0x% range meet the refined tin products, to 
good effect. 
Second, reagents 

Bismuth standard stock solution (National Research Center); 1000.0ug / 'mL; 
Bismuth standard solution: 1.0ug/mL bismuth standard stock solution by serial dilution 
1.2moL / L HC1 made, with the existing service; hydrochloric acid, nitric acid, 
sulfuric acid, hydrobromic acid, sodium chloride are excellent pure reagents; 
Potassium borohydride solution: 15g / L, with existing service; 
Test and double distilled water. 

Third, the test conditions 
See bismuth standard analysis conditions 

4, experimental methods  
4.1, respectively, accurate pipetting 0.00mL 0.5mL, 1.00mL, 2.00 mL, 4.00 mL, 8.00mL, 

10.00mL bismuth standard solution (1.0ug/mL) is in series 100.0mL volumetric flask, adding 
10mL hydrochloric acid, diluted with water to the scale, shake, standard series of 



bismuth concentration: 0.0, 0.5, 1.0, 2.0, 4.0, 8.0, 10.0ug/100.0mL.Said selected 
instrument work status and test conditions, the measured concentration of the 

fluorescence intensity of the respective bismuth and as the ordinate, the bismuth 

concentration abscissa, the drawing of the working curve of bismuth.Proved: bismuth 

concentration in The detection limit proportional to bismuth and bismuth fluorescence 
intensity in the range of 0 - 10.0ug / 100.0mL 0.025ug/100.0mL. 

4.2 Sample analysis as the bismuth content, weighed and crushed to 3mm refined tin 
sample: 0.0X 1.0g in 200mL beaker, adding aqua regia (to taste) dissolution of supplemented 
plus H 2 SO 4 (1 +1) 1.0 mL, saturated NaC12 dropwise and heating was continued, take the H 2 
SO 4 evaporated to smoke, taken decentralization cold; were added HC1, HBr 2.0ml, and 
evaporated to take the H 2 SO 4 smoke exhaust Sn; repeating a row Sn; taken decentralized 
cold To join l0.0mlHC1, micro Rerong salts, moved into 100.0ml volumetric flask, diluted 
to volume, and mix this to be tested mother liquor (if Bi beyond the linear range of the 
determination, can be divided into the check amount mother stream, dubbed in 10% HC1 (V / 
V) solution retested). 
V. Results and Discussion  

Method was used to analyze the results of Bi YTC five spectra of standard samples and 
some tin ingot product control as follows (see Table 1), indicating that this Law is 
feasible and reliable, to good effect. 

Table 1 sample analysis results (Bi)% 
Sample This Law results Standard values 

Sn-1 
Sn-2 
Sn-3 
Sn-4 
Sn-5 
Sn-D 1 
Sn-D 2 

0.000212 
0.00188 
0.00463 
0.020 
0.0538 
0.0065 
0.012 

0.00020
0.00186 
0.00462 
0.020 
0.0501 
0.0066 
0.011 

0.00019
0.0018 
0.0046 
0.020 
0.050 
0.0066 
0.012 

  
Experiments show that: refined tin dissolved with aqua regia easily; prevent dilution 

constant volume tin hydrolysis, can make up for the amount of hydrochloric acid; trial 

also demonstrated that: due to the presence of a large number of tin matrix, but also 

produce hydride interfere with the determination of bismuth, To this end we take HC1 + of 
HBr was heated volatilization exclude interference of the tin matrix; refined tin 
impurity element (Bi): As, Cu, Fe, Pb, Sb, Co, Zn, Al, etc.; its content is very low, generally 
range 0.000X ~ 0.x%, row Sn, Sb also jointly remove impurity elements can not be ruled out 
of the rest due to the extremely high sensitivity of the fluorescence method to measure 

the Bi absorb the mother liquor amount of the residual impurities did not interfere 
bismuth determination. 

Experimental results show: HC1 + HBr row tin order to prevent the loss of volatiles 
of BI, there must be a certain amount of H 2 SO 4, and a small amount of Na ions (serving as a 
protective agent).Experimentally determined: row of Sn in the introduction of H 2 SO 4 (1 +1) 
1.0mL, saturated NaC12 dropwise, with HC1, HBr, each the 2.0mL row Sn (steam to take the H 2 
SO 4 smoke) secondary to lg tin divisible, the remaining small amount of H 2 SO 4 and Na ions 
do not interfere with the measurement of the Bi 
Six, methods sources 
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3.6.3 hydride generation atomic fluorescence spectrometry determination of 

Chinese herbal medicine in the trace bismuth 

  
First, the method summary 

This paper reports a trace bismuth hydride atomic fluorescence method for the 

determination of Chinese herbal medicine.Test the acid medium and reducing reagent for 

the determination of bismuth, examines the interference of metal ions.In under the best 

determination hairpin member, the method detection limit is 0.1ug / L, the linear range of 
0.1 ~ 200ug / L, the recoveries were 91.0% to 104.2%. 
Second, reagents 

Bismuth standard stock solution (0.1000 g / L): accurately weighed high purity metallic 
bismuth powder (99.999%) 0.1000 g placed in a beaker and heated to dissolve, add 20 mL of 
nitric acid (1 +1) and then transferred to 1 000 mL volumetric flask diluted with double-
distilled water to the mark, the quality of this solution bismuth concentration of 0.1000 
g / L; 

Nitric acid, sulfuric acid, hydrochloric acid are excellent pure; 
Potassium borohydride solution is a potassium hydroxide solution mixture (now with 

the current distribution): Weigh 4 g of potassium borohydride dissolved in 200 ml (5g / L), 
potassium hydroxide solution, can now use the existing service; 

Reagents were of superior grade pure or analytical grade the experimental water are 

quartz sub-boiling double-distilled water.The glass containers were used nitric acid (1 + 
1) soaked overnight, repeatedly washed with water, and finally rinsed with double 
distilled. 
Third, the test conditions 

See bismuth standard analysis conditions 
4, experimental methods  

4.1 standard curve draws above bismuth stock standard solution with 5% hydrochloric 
serially diluted to 100 ug / L respectively Pipette standard solution o, 0.05, 0.10, 0.20, 
0.40, 0.80, 1.00, 2.00, 4.00 mL in a range of 50 mL volumetric flask, made up 5% HC1 to 40 mL, 
diluted with water to the mark. 

4.2 Sample Handling the sample 6 0 ℃ bake for 6 h, finely ground in a mortar and over 
80 days sieve.In this experiment, HNO 3 - H 2 O 2.Digestion mixed system, high pressure PTFE 

digestion tank Digestion system.Weigh accurately take the test sample placed in 1.000 g 
HNO 3 (1 +1) soak overnight and rinsed clean Teflon liner in the digestion tank, nitrate 
was added to 5 mL and allowed to stand overnight added 2 mL 30 H 2 O 2.Solution, tighten the 

digestion tank, placed 30 min, oven towels, digestion temperature control at 130 ℃ for 3 h, 
cooled to room temperature, remove.Transferred to 50 mL volumetric flask with 5% HC1 
constant volume under test.Also do sample blank. 
V. Results and Discussion  

The accurate weighing 1.000 g sample the Teflon digestion tank, after pressure 
digestion bismuth content in the samples was measured as described above, under the best 

conditions in the instrument.In order to verify the accuracy of the method, the 

experiments were spiked recoveries experimental results are summarized in Table - l. 
Table 1 The determination of Bi in traditionat Chinese medicine samples (= 9) 



Sample Found
(Ng / 
g)   

Added
(Ng / g) 

Determined
(Ng / g) 

Restore
(%) 

RSD 
(%)  

 

Chinese Gentian
Bupleurum 
Hemlock Parsley 
Chinese Angelica 
Radix Salviae 
Miltiorrhizate 
Rradix Paeoniae Rubra 

7.78 
6.15 
10.4 
7.66 
7.50 
  
7.29 

10
10 
10 
10 
10 
  
10

17.97
15.99 
19.50 
18.08 
17.46 
  
17.68

101.9
98.4 
91.0 
104.2 
99.6 
  
103.9

1.96 
2.77 
5.60 
3.58 
3.01 
  
3.63 

  
10ug / L of bismuth in the standard solution was added a different metal ion to be 

measured, the error is less than ± 5%, that does not produce interference.The results 
show that: the 1000 times of calcium, magnesium, spacer 500 times, 1500 times of copper, 
iron, nickel, manganese, 100 times, 800 times the selenium determination not interfere. 
Six, methods sources 
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Four mercury (Hg) 

4.1 Physical parameters 

Atomic weight:                                 200.590 
Ionization energy:                                 10.40 eV 
Hydride dissociation energy:                 0.0 eV 
Wavelength (nm) 253.65 
LEVEL (eV) 0.000 - 4.880 

4.2 standard stock solution 

(1) standard stock solution (1mg/ml): Weigh accurately take 1.000 g of Hg, was dissolved 
in 10ml 5mol / L of HNO 3 solution, and diluted to 1000ml.Stepwise dilution to the use of 
liquid. 

(2) or standard stock solution provided by the National Research Center. 
(3) the mercury standard series configuration, excellent pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid 
(Ml) 

The added mercury 

reserves the 

concentration (0.01mg / L)
(Ml) 

Fixed 

volume 
(Ml) 

The 

concentration 

of the 

solution 



(Ug / L)
Std0 5 0 100 0
Std1 5 1 100 0.1
Std2 5 2 100 0.2
Std3 5 4 100 0.4
Std4 5 8 100 0.8
Std5 5 10 100 1.0
Single standard automatic grading curve

Std5 5 10 100 1.0
  
Notes: 
1, the general acid containing a certain amount of mercury, particularly hydrochloric 
acid, so the test must pay attention to the blank background; reagent bottles is also a 

major source of pollution, to soak for 24 hours and then with 10% nitric acid with as far 
as possible. 
2, do mercury nitric acid and hydrochloric acid are, but the effect of the nitric acid 
than hydrochloric acid. 
3 recommended cold mercury measured by mercury, this test can guarantee a lower detection 
limit 
Mercury standard series added 0.05% potassium dichromate easy save. 
5, the mercury can be used flame method (ignition) or cold-atom method (no ignition) 
determination; cold atom Determination of high sensitivity, but the flame noise, if the 

sensitivity to meet the case, as far as possible method for the determination of the cold 

atoms. 
(4) the standard curve (for example) 

 

4.3 standard analysis conditions 

Reducing reagent:                                       0.05% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Divalent 
Standard acidity:                                        5% (V / V) 

HCl 



Carrier liquid: 2% HCl 
Measurement parameters: 

Reading time (s) 13 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
The quartz furnace temperature (° C): 100 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 24 

4.4 Sample Summary 

Water samples: 
Thiourea was added to the samples had previously been acidified with 3mol / L HCl 

aqueous solution (5%) - ascorbic acid (5%) of the mixed reagent, to begin with AFS sample 
detection. 

The thiourea Join Hg in detection sensitivity influential.If detect only a single of Hg 
can be used Fe (3 +) salt instead of thiourea (5%) - ascorbic acid (5%) of a mixed reagent, 
to eliminate interference. 
Metal or alloy samples: 

After the sample is dissolved, adjust the acidity of the solution with HCl to 3mol / L. 
Adding sufficient thiourea (5%) - ascorbic acid (5%) depending on the element content 

in the mixed reagent is placed can be detected after 10 minutes. 
The thiourea Join Hg in detection sensitivity influential.If detect only a single of Hg 

can be used Fe (3 +) salt instead of thiourea (5%) - ascorbic acid (5%) of a mixed reagent, 
to eliminate interference. 
Geochemical samples: 

After the sample with the king treatment into a concentrated solution is evaporated 

at a low temperature, and then it is transferred to a volumetric flask with 3mol / L HCl, 
and depending on the element content, adding sufficient thiourea (5%) - ascorbic acid (5 %) 
mixed reagent, dilute to the mark. (The final acidity of the solution should be greater 

than 2.5 mol / L) analysis of this sample after 10 minutes.The thiourea Join Hg in detection 



sensitivity influential.If detect only a single of Hg can be used Fe (3 +) salt instead of 
thiourea (5%) - ascorbic acid (5%) of a mixed reagent, to eliminate interference. 

4.5 Interference and Elimination 

Se TE the presence would seriously interfere with the detection of mercury, Au, Ag, Pt, 
Pd may also cause some interference.The noble metal interference by adding thiourea as a 
masking agent to eliminate.To reduce the concentration of the sodium borohydride, and Fe 
(3 +) salts may also be to reduce the interference of the elements mentioned above. 

Except Se, Te, and other hydride-forming elements in the case of the content thereof 
is not more than 10 μ g / ml, does not affect detection of Hg. 

4.6 Application method compilation 

  

4.6.1 high pressure sealing wet digestion trace mercury in a cold atomic 

fluorescence spectrometry magenta couplers 

  
First, the method summary 

The magenta couplers are one of the main raw material of the intermediate dye color 

film was prepared, and its basic component is the benzamido pyrazolone.The magenta 

couplers agent contains a very small amount of metal impurities, such as copper, lead, 

iron, bismuth and mercury.Such trace metal impurities great influence on the photographic 

properties of the film and, therefore, the determination of these trace impurities of 

practical significance.Gelatin samples PTFE high pressure seal digestion tank digestion, 

the digested sample is transferred to l0ml volumetric flask with deionized water at 
constant volume 10ml, shake well.Injection 1.0ml cold vapor atomic fluorescence analyzer 
reaction flask, add 0.2mL 10% SnC1 2, trace amounts of mercury in the photographic gelatin 

solution SnC1 2 Reduced to the mercury vapor, mercury vapor is an argon gas into the 
fluorescence chamber to produce fluorescence.This method determination step digestion 

time is short the mercury volatilization loss, less interference, low detection limit 
(100 ppt), high recovery rate (92.1% - 95.5%), good reproducibility, the relative standard 
deviation of 2.3%. 
Second, reagents 

Mercury standard solution: Weigh 0.1354g mercuric chloride, dissolved in 5% nitric 

acid, and washed with 5% nitric acid (except mercury) 1000mL This is diluted to 100 ppm 
of mercury standard solution; 



Stannous chloride solution (10%): Weigh 50g of analytical grade of stannous chloride, 
dissolved in l00ml of concentrated hydrochloric acid, and the addition of mercury with 
argon, until the blank value to meet the requirements, and diluted to 500 ml with 
deionized water, this is 10 % stannous chloride solution.This solution should be 
cryopreserved. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

The standard curve: lessons 1ug/mL mercury standard solution 0.0, 0.5, 1.0, 1.5, 2.0, from 
2.5mL to a 50Ml this standard series of 10.0, 20.0, 30.0, 40.0, 50.0ug / L, determination on the 
machine. 

Sample measurement: Weigh 0.1 g of the magenta couplers sample on the analytical 
balance to within polytetrafluoroethylene crucible, adding 4.0ml of nitric acid, 
transferred to a pressure pot, and was heated at 17 0 ° C for 3 hours, remove the acid 
gas in electrically heated plate evaporator steam until the volume of the solution is 

about 0.5ml (if you do not steam acid will cause molecular absorption will cover the 
257.3nm) removed, transferred to a 10ml volumetric flask shake.Injection 1.0ml.Measured by 
instrument measuring conditions. 
V. Results and Discussion  

Recovery experiment: Weigh 0.1 g of the magenta couplers sample on the analytical 
balance three polytetrafluoroethylene crucible 5.0mL of nitric acid was added, add 1ppm 
mercury standard solution 0.5ml, 0.7 mL, 1.0 mL, transferred to a pressure tank, heated for 3 
hours, remove the electric heating plate evaporator at 170 ℃ acid gas steam to the volume 

of the solution is about 0.5ml, removed and transferred to a 10ml volumetric flask, 
shake.Injection 1.0ml.Measured by instrument measuring conditions. 

Table 1 magenta couplers mercury recovery test 
  

Content of 

the sample 
(μg) 

The Mercury 

added in an 

amount (μg) 

Measured 

amount (μg) 
Recovery 
(%) 

Relative 

error (%) 

7.9 
7.9 
7.9 

0.50 
0.70 
1.0 

8.4
8.2 
8.5

94.4
92.1 
95.5

5.6 
7.9 
4.5 

  
Six, methods sources 
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4.6.2 pressure digestion - atomic fluorescence spectrometry determination of 

mercury in the soil 

  
First, the method summary 

The traditional method for determination of soil mercury in the environment is cold 

vapor atomic absorption spectrometry and cold vapor atomic fluorescence method, the 

complex operation of these two methods, the analysis time, low precision, detection limit 



higher, more difficult to accurately determine low concentrations of soil mercury .With 

Hydride Generation - Atomic Fluorescence Spectrometry Research and Development, the 

method has been applied to the determination of mercury in water have been included in 

the literature, but did not change the determination of soil mercury.Authors in the 

literature on the basis of the different soil pre-processing to the whole process of 

measuring a variety of methods of comparative experiments, the final confirmation of HNO 
3 - H 2 O 2 pressure digestion - atomic fluorescence spectrometry determination of soil 
mercury, whether it is a precision degree or detection limits have been greatly improved 

to meet the requirements of various concentrations of soil mercury measurement operation 

process is simplified, reagent and reduced analysis time is significantly shortened, 

saving manpower and resources, with satisfactory results. 
Second, reagents 

The use of mercury standard solution (10.00 ng / mL): the mercury standard solution (the 
State Environmental Protection Administration (SEPA), 100 ug / mL) by serial dilution can 
(hold 5% hydrochloric acidity) 

Nitrate: excellent pure; 30% hydrogen peroxide: excellent pure; 
5% hydrochloric acid: 5 mL superior grade of pure hydrochloric acid was added to 100 

mL of deionized water; 
5% nitric acid: 5 mL superior grade pure nitric acid was added to 100 mL of deionized 

water; 
0.5% potassium borohydride, a 0.5% aqueous potassium hydroxide: Weigh 0.5 g of potassium 

hydroxide dissolved in 100 mL of deionized water, and completely dissolved, and then 0.5 g of 
potassium borohydride dissolved therein 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 curve draw 10.00 ng / mL Hg standard solution of 0.00, 1.00, 2.00, 4.00, 7.00, 10.00 
mL, respectively, in 6 plus have the right amount of water and 2.5 mL of nitric acid 50 mL 
volumetric flask, dilute to the mark with water, shake uniform, on the machine test, 
drawing working curve. 

4.2 soil sample solution was prepared by HNO 3 - H 2 O 2 high pressure digestion method: 
said learn pulverized sieved (particle diameter of 150μm, equivalent to 100 mesh), the 
sample 0.10 ~ 1.000 g (about 0.50 g), placed in polyethylene tetrafluoroethylene plastic inner 
tank, add 5 mL of nitric acid, mixed overnight, then add 7 mL of hydrogen peroxide release 
stainless steel jacket cover within a cover and tighten the seal, and then the digestion 

tank to put a person of ordinary drying oven maintain a constant temperature (oven), and 
heated to about 120 ℃ for 2 ~ 3 h, to complete digestion naturally cooled to room 
temperature.Digestion solution with 5% nitric acid solution was then transferred to a 50 
mL volumetric flask, constant volume Shake filter stand blank test solution of the whole 
program, prepared by the same procedure for the use of reagents correction. 
V. Results and Discussion  

Standard soil samples: the China National Environmental Monitoring Center, four 

different soil types, soil testing to verify the effect of the method, and the results 

are shown in Table 1. 
Table l standard soil test results: (m g / kg) 

Sample Name Standard 

values 
Measured value 

range 
Guaranteed 

value 

RSD% Recovery 
(%) 



Average relative 

error (%)

ESS-1 
chernozem 
ESS-2 brown 
ESS-3 red 
soil ESS-4 
mortgage soil 

0.01 6 ± 

0.003 
0.019 ± 0.003 
0.112 ± 0.012 
0 .021 ± 

0.004 

0.015
0.019 
0.114 
0.021 

6.2
0.0 
1.8 
0.0 

6.7 
5.3 
5.3 
4.8 

94. 
103 
99 
107 
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4.6.3 very low concentration of potassium borohydride reduction continuous 

flow cold vapor atomic fluorescence method for the determination of trace 

mercury in soil 

  
First, the method summary 
Mercury with its high toxicity, easy mobility, the impact of persistent and high 

bioaccumulation, and become one of the world's most interesting environmental 

pollutants.The impact of mercury on human health, the environment, enter the body through 

the aquatic organisms food chain, as well as disabilities soil crop food chain.Mercury 

can be said to be a ubiquitous element in the soil, 98% of the soil can be detected 
 
 

The soil can be detected in the 0.001 - 0.268 mg / kg mercury content range.But mercury 
contamination in the soil is mainly caused by human factors, such as: coal fuel thermal 

power generation and waste treatment, the chlor-alkali chemical, mercury-containing 

pesticides, fertilizers and wastewater use.Southwest China is one of the areas worst 

mercury pollution in the world, Chengdu eastern outskirts of distribution of many, 

including thermal power plants, and coal as the main fuel of the old industrial 

enterprises in the coal combustion process, trace amounts of heavy metals especially 

volatile elements or compounds (Hg, As, Se), and a large number of rows of long-term 
precipitator device can not be effectively captured the atmosphere and settlement, 

resulting in the surrounding soil environment is greatly affected.However, the vertical 

distribution of mercury in these soils, its content at any time asked was how to change, 

today, people know little about. 
In view of the above reasons, the application of domestic atomic fluorescence 

spectrometer, KBH theoretical basis of the determination of mercury and the best 
conditions to carry out a detailed study of the low concentrations.The test results show 
that the l × l0 -5 mol / L of KBH 4 in 5% hydrochloric acid medium, determination of mercury 

in the soil as a reducing agent, reducing agent costs, streamline operations, and improve 

the anti-jamming capability, good precision and accuracy of the method has high practical 

value and broad application prospects. 
Second, reagents 



Hydrochloric acid; nitric; carrier (5% HC1); aqua regia (1 +1); 
KOH solution (0.2 mol / L); reagents are excellent pure water twice-distilled water. 
KBH 4 stock solution (0.1 mol / L): Weigh 0.54 g KBH 4 was dissolved in 100 mL KOH (0.2 mol / 

L) solution, Kun absorbed and stored at 4 ° C refrigerator; 
KBH 4 solution (1 × 10 -5 mol / L): Pipette 0.1 mL KBH 4 stock solution in a 1 L volumetric 

flask, dilute to the mark with 0.2 mol / L of KOH, shake, and now with the current 
distribution. 

Mercury standard stock solution (100.0ug/mL): said to take 0.135 4 g HgC1 2 in 100 mL 
beaker, add 20 mL of nitric acid (1 +1), low-temperature heat until completely dissolved, 
cooled and transferred to a 1 L volumetric flask, fill Add 40 mL of concentrated nitric 
acid, 20 mL of potassium dichromate solution (5%), diluted with water to the mark, shake; 

Mercury standard solution (10. 0 ng / mL): mercury standard stock solution by serial 
dilution with 5% HC1 solution, now with the current distribution. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 Sample Collection and Preparation of clean the sampling refers drill Chengdu 
eastern outskirts of somewhere in the surface 30 cm thick soil, cut 1 cm intervals next 
sample.Samples were air-dried natural, non-polluting grinding treatment by 2 mm aperture 
nylon sieve to remove grit and biological debris sieved sample and then pulverized in a 

mortar, and last all through 100 mesh nylon sieve, mixing, bagging, set aside. 
4.2 Sample assay called coring 0.250 0 g in 25 mL colorimetric tube, moistened with a 

small amount of water, adding new with aqua regia (1 +1) 5 mL and allowed to stand 
overnight, heated in a boiling water bath for 1.5 h. intermediate additional 2 mL of aqua 
regia (1 +1) and adequately shaken 4 times, after cooling was diluted with water to the 
mark.Supernatant was taken after the standing 5.00mL in 50 rnL volumetric flasks, add 2.5 
mL of concentrated hydrochloric acid, dilute to the mark with water, shaken for 30 min, 
measured according to the following steps with batch carry blank. 

4.3 Preparation of the standard series and accurately removing mercury standard 
solution 0.00, 0.50, 1.00, 2.0, 4.00, 5.00, 7.50, l0.00 mL in a series of 50 mL volumetric 
flask, add 2.5 mL of hydrochloric acid, water content was measured , shake.This solution 
was the quality of the mercury concentrations were 0.0, 0.1, 0.2, 0.4, 0.8, 1.0, 1.5, 2.0 
ng / ml.With 1 × 10 -5 mol / L of KBH 4 as a reducing agent, 5% HC1 for a carrier, as 
determined in accordance with the following instrument conditions. 
V. Results and Discussion  

Select a depth of 2, 5, 10 cm of the soil samples were added to different amounts of 
mercury standard solution; addition to two national soil standard substances, mercury 

recoveries between 93.3% to 104.14% (see Table 1 and Table 2), shall be a good measuring 
accuracy. 

Table 1 mercury in the soil samples recoveries 
Sample 

depth / cm 
Background 

values / ng / 
ml 

Spiked 

value / 
(ng / ml) 

Measured 

value / 
(ng / ml) 

Recovery 

value / 
(ng / ml) 

Recoveries 
/% 

2 
5 
10 

0.19 
0.16 
0.15 

0.20
0.15 
0.15

0.38
0.30 
0.29

0.19
0.14 
0.14

95.0 
93.3 
93.3 

  



Table 2 mercury recoveries of standard reference materials 
Sample Name Recommended 

values / (ng / ml) 
Measured 

values (ng / ml) 
Recovery (%) 

GSS-5 
GSS-7 

290 
61. 

302
58 

104.14 
95.08 

  
This section focuses on the common transition metals and is easy to form the 

interference of the the hydride elements of the determination of mercury.Fixed Hg 2 +   Mass 
concentration (1.0 ng / mL), and changing only the concentration of each of the interfering 
ions, and tests show that times 100 00 Cu 2 +, Pb 2 +, and Zn 2 + 50000 times of Cr 3 + , Fe 2 + , Fe 3 

+, 10 000 times the Mn 2 + , L00 000 times As 3 + 30 000 times the Sb 3 +, Se 4 + does not interfere 
with the determination of mercury.This shows that under conditions of a very low 

concentration of potassium borohydride, AS 3 +, Sb 3 +, SE 4 +, of Pb 2 +, of Zn 2 + Have failed to 
form a hydride.Otherwise, these concentrations of KBH 4 and Hg 2 + Much larger ions and Hg 2 

+ The contention KBH 4, thereby reduce mercury detection signal. 
Six, methods sources 

Trace Elements Science 2006 13 9 

4.6.4 Flow Injection Hydride Generation - cold vapor atomic fluorescence 

spectrometry determination of trace mercury in soil 

  
First, the method summary 

Two gas-liquid separation method using small-scale gas-liquid separator, a hydride 

generation flow injection - cold vapor atomic fluorescence spectrometry determination of 
trace mercury in soil.The effects of the experimental parameters of the reaction tube 

length, the height of the quartz furnace atomizer, the acidity of the carrier liquid, the 

carrier gas flow rate and coexisting elements mercury determination.The study found that 

the length of the reaction tube mercury fluorescent signal peak and the determination of 

repeatability greater impact.Measured under optimal working conditions, the method 

detection limit of 0.7 ng / L, the relative standard deviation (n = 11) was 2.7%.The method was 
applied to the analysis of trace amounts of mercury in the soil samples, the result is 

consistent with the certified values. 
Second, reagents 

NaBH 4 solution: 0.1 g / L, weighed 50 mg NaBH 4 was dissolved in 5 g / L NaOH solution and 
diluted to 500 mL with existing service; 

Potassium dichromate solution: 50 g / L; 5% HNO 3 dilution: Take 25 mL HNO 3 500 mL 
volumetric flask, add 5 mL 50 g / L potassium dichromate solution, constant volume, shake; 

Mercury standard stock solution (GBW - 08 617): 1 000 mg / L; 
The Hg standard working solution: 5ug / L HNO3 dilution serial dilution mercury 

standard stock solution obtained should now use the existing service; 
The water was 18 MΩ pure water, reagents Unless otherwise stated, other were of 

analytical grade. 



Third, the test conditions 
See mercury standard analytical conditions 

4, experimental methods  
4.1 accurately weighed sample pretreatment take 1.000 g national level standard soil 

sample GSS-5 (GBW 07 405), 20.0 mg V 2 O 5, placed in 150mL Erlenmeyer flask, add 5.0 mL of 
nitric acid, shake, home electric board dissolved on heating at 130 ~ 140 ℃, slightly 

boiling 5 min, cooled by adding 50.0 mL of sulfuric acid, slight boiling for 15 min until the 
sample turns gray, cool to room temperature, water volume in a 50 mL volumetric flask and 
let stand.1.0 mL of the supernatant was placed in a 25 mL volumetric flask, add HNO 3 
dilution to the mark, shake, under test.Blank experiments. 

The 4.2 standard curve concentration dispensing order 0, 0.1, 0.2, 0.4, 0.8 ug / L mercury 
standard working solution in the sample loop, according to the experimental method, the 

measured fluorescence intensity, drawing working curve. 
V. Results and Discussion  

Handled by sample pretreatment method the GSS - 5 samples, samples 1 and 2 was measured 
under the selected experimental conditions, the mercury, and spiked recovery experiment, 

the results are shown in Table 1. 
Table 1 GSS - 5 samples for determination of mercury results and recovery 

Sample Measured 

values 
(ng / g) 

Certified 

values 
(ng / g) 

Applied to 

the 

determination 

values (μg / 
L) 

Plus 

scalar 
(μg / 
L) 

Measured 

the 

total 

amount 
(μg / L) 

Recovery 
(%) 

1 
2 

276 ± 5 
274 ± 9 

294 ± 41

294 ± 41 
0.220 9
0.218 9 

0.200 
0 

0.200 
0

0.412 1 
0.411 1 

95.6 
96.1 

  
Concomitant elements are taken 0.200 0ug / L Hg 2 + standard working solution, 

determination of the experimental method.The results show that when the relative error of 

≤ ± 5%, 20 000-fold Ca 2 +, of Mg 2 +, Zn 2 +, Cu 2 +, of Co 2 +, Ni, 2 +; 10 000 times of Fe 3 +; 200 
times AS 3 +; 100 times Se 4 +; 20 times the Ag + Determination of mercury in interference to 
meet the mercury in the soil samples 

Determination of requirements. 
Six, methods sources 

Metallurgical analysis of the first 26 3 June 2006 

4.6.5 Flow Injection Hydride Generation dual channel atomic fluorescence 

determination of mercury and selenium in the water 

  
First, the method summary 

Determination of mercury and selenium in environmental water samples, the literature 

suggests that the determination of mercury in cold vapor atomic absorption spectrometry, 

atomic fluorescence spectrometry and dithizone colorimetry, while selenium atomic 



fluorescence spectrometry and graphite furnace atomic absorption spectrometry.Dual 

channel atomic fluorescence spectrometer simultaneous determination of mercury and 

selenium in the water, the method is simple, rapid, accurate and reliable. 
Second, reagents 

Mercury standard stock solution: 1.000 g / L 
Selenium standard stock solution: 100 mg / L 
Potassium borohydride solution: l0 g / L (the concentration of potassium hydroxide 5.0 g / L) 
Potassium permanganate solution: 50 g / L 
Thiourea solution: 100 g / L 
Are excellent pure hydrochloric acid, nitric acid and perchloric acid. 

Third, the test conditions 
See mercury standard analytical conditions 

4, experimental methods  
4.1 50 mL water sample in a 100 mL Erlenmeyer flask, the addend glass beads, new with 

nitric acid, perchloric acid (1 +1) 5 mL, 50 g / L potassium permanganate solution for 1 to 2 
drops in electric board heated to white smoke, keep the purple does not fade, and steam 

until nearly dry, remove the cooling, dropping 100 g / L thiourea solution, make purple 
just Tuidiao, add hydrochloric acid (1 +1) 10 mL, heated to boiling, cooling, water shift in 
50 mL colorimetric tube, constant volume, while doing the reagent blank. 

4.2 selenium and mercury standard stock solution with nitric acid (5 +95) and 0.5 g / L 
potassium dichromate solution progressively diluted mercury mercury 1.00 ug / L and selenium 
l0.0 ug / L mixed standard solution to get online 0.00 ~ 0.50 g / L, selenium 0.00 5.00ug / L 
standard series.Hydrochloric acid (5 +45) as a carrier stream, the concentrated solution of 
mercury and selenium in the blank solution, or the standard solution or the sample 

solution and l0g / L, boron hydride, potassium - 5.0 g / L potassium hydroxide, the reaction of 
the mercury vapor and selenium of hydrogen loaded by argon argon-hydrogen flame in 

simultaneous determination of mercury and selenium atoms fluorescence intensity, and 

calculate its water content. 
V. Results and Discussion  

Analysis of water samples and recovery test, the test source water and finished water 

samples for mercury and selenium determination, the results of the various types of 

mercury in water less than less than 0.3 ug / L 0.02 ug / L, selenium.Kind of added to the 
water 0.1 ug / L mercury standard and 1.0 ug / L selenium standard, measured recoveries between 
93% to 116%, the measurement results are shown in Table 2. 
Table 2 water sample analysis results and recoveries (n = 5) 

  
Water 

samples 

A measured value (ng 
/ g) 

Standard amount 

of (μg / L) 
Recycling Recovery 

(%) 
Hg Se Hg Se Hg Se Hg Se 

Source 

water 
Finished 

water 

0.004
Not 

detected 

0.021 
Not 

detected 

0.10
0.10 

1.00
1.00 

0.1
1 

0.1
16 

1.1
4 

0.8
8 

10
6 

11
6 

9
3. 

8
8. 

  
The application of atomic fluorescence spectrometry determination of mercury and 

selenium interference of coexisting elements high levels of Cu 2 +, Co 2 +, Ni 2 + and Ag +, as 

well as the formation of the mutual influence between the hydride elements.The content of 



these coexisting elements in water samples are generally very low, and will not cause 

significant interference. 
Six, methods sources 

Physical Testing - Chemistry Volume 2005 Volume 41 

4.6.6 hydride generation atomic fluorescence method simultaneous 

determination of arsenic and mercury in the urine 

  
First, the method summary 

Arsenic and mercury are toxic elements, with strong accumulation as a key monitoring 

indicators in the analysis of metabolites in biological materials.Determination of 

arsenic and mercury conventional method colorimetry, spectrophotometry spectrophotometry, 

polarography, atomic absorption method, the above method is tedious, low-sensitivity 

analysis of a long time, can not meet the requirements of modern health analysis.Hydride 

generation atomic fluorescence techniques developed in recent years a new type of trace 

element analysis method using the method of arsenic and mercury analysis has been applied 

in areas such as food, drinking water, but the arsenic in urine and Mercury in the 

analysis, not yet reported.The nitric acid and perchloric acid digestion, hydride 
generation atomic fluorescence spectrometry determination of arsenic and mercury in urine, 

and the experimental conditions were optimized; been applied to the determination of 

occupational groups, and achieved satisfactory results. 
Second, reagents 

Used acids are excellent pure experimental water is deionized water; 
Arsenic and mercury standard stock solution: are 1000ug/ml (National the standard 

substances Center); 
Arsenic standard solution: before use diluted to 1.00ug/ml; 
Mercury standard solution: before use dilution to 0.20ug/m1 of- 
Solution of potassium borohydride (2g / L): Weigh 2.0g dissolved in 100ml 5g / L solution 

of potassium hydroxide and, now with before use; 
An ascorbic acid mixture of the thiourea: The concentration of each of the mixed 

solution of 5%; 
Nitric acid + perchloric acid (4 +1); hydrochloric acid 

Third, the test conditions 
See mercury standard analytical conditions 

4, experimental methods  
4.1 Preparation of the sample solution and Determination of urine 100ml in the end of 

the collection classes in a plastic bottle, 5.0ml urine draw in the tall beaker, add 2 ml of 
the mixed acid, cover the surface of the dish is set on a hot plate, controlling the 

temperature at 15 0 ° C around digestion to the solution transparent and take best white 

smoke, cooling, dissolved in water, transferred to a 10ml volumetric flask, 2ml thiourea 
ascorbic acid mixture and lml hydrochloric acid, with water to volume, and at the same 
time doing a reagent blank. 

The 4.2 standard curve draws 0.00, 0.10, 0.20, 0.40, 0.60, for 0.80ml arsenic standard liquid 
within six l0ml volumetric flask in, and then were lessons mercury standard solution 0.00, 



0.025, 0.050, 0.10, 0.20, 0.30 ml in the above volumetric flask, mix well, adding 2ml 
thiourea ascorbic acid mixture and lml hydrochloric acid.Water to the mark.Final arsenic 
concentration were 0.0, 10.0, 20.0, 40.0, 60.0, 80.0ug / L; mercury concentrations were 0.0, 5.0, 
10.0, 20.0, 40.0, 60.0 ug / L. 
V. Results and Discussion  

Prepare a mixed urine samples were added to low, medium, and high concentrations of 

arsenic and mercury to standard parallel measured three times, calculating the recoveries, 
and the results are shown in Table 1. 
Table 1 urine samples with different concentrations of arsenic mercury recoveries (ug / L) 

Element Background 

values 
Spiked 

value 
Measured 

values  
Recoveries 

Arsenic 
  
  
Mercury 

26.5 
  
  
11.4 

10.0
40.0 
60.0 
5.0 
20.0 
40.0

36.6
63.7 
79.0 
16.0 
32.5 
50.7

101.0
93.3 
87.5 
92.0 
105.5 
98.3

  
Six, methods sources 

Chinese Journal of Health Laboratory June 2002 Volume 12, Issue 3 

4.6.7 hydride generation atomic fluorescence spectrometry determination of 

respirable particulate matter (PM l0) Hg and As in the sample 

  
First, the method summary 

In this paper, hydride generation - the original fluorescence analysis technique in 

determining respirable particulate matter filter samples of Hg, As, experimental results 
show that: standard solutions of different concentrations were measured, Hg, As the 
relative standard deviation of 1.2% to 11% and 2.7% to 4.8% of the smell; the blank 

membranes spiked recovery in the range of 92% to 101% and from 96% to 109%, respectively; 
minimum detection respectively 0.007pg and 0.06Iug. 
Second, reagents 

The test water are mercury-free, arsenic-free deionized water; selection of superior 

grade pure reagents as much as possible in order to lower the reagent blank.  
5% (m / V) solution of potassium permanganate; 
5% (m / v) potassium persulfate solution: Weigh 5g potassium sulfate dissolved in water 

and diluted to 100mL, the day of preparation; 
0.05% (m / V) of potassium borohydride solution: Weigh taken 2.0g of potassium hydroxide 

dissolved in water and diluted to 400 ml, was added 0.20g of potassium borohydride 
dissolved alternate day formulated; 

1% (V / V) nitric acid solution; 
20% (m / V) of hydroxylamine hydrochloride solution; 
0.5mol / L hydrochloric acid; 
A mixture of 5% (m / V) thiourea / ascorbate: respectively, said taken 5.0g thiourea and 

5.0g of ascorbic acid, dissolved in water and diluted to 100ml day preparation; 



1.0% (m / V) of potassium borohydride: Weigh taken 2.0g of potassium hydroxide dissolved 
in water and diluted to 400 ml, and further added 4.0g potassium borohydride dissolved 
alternate day preparation; 

2.5% (V / V) hydrochloric acid solution. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 Sample collection so that a certain volume of air through the the flow sampler 
with 10μm cutter, less than 10μm respirable particulate matter collected in the constant 
weight membrane.According to the before and after sampling the membrane mass differences 

and sample volume can be calculated respirable mass concentration of particles.Filter 

samples for component analysis.  
4.2 Preparation of the sample test solution 
Hg sample test solution preparation: Take 1/8 membrane-like 25mL colorimetric tube, 

add 2 mL of concentrated nitric acid, 1.0mL5% potassium permanganate (keep mauve reclaim) 
1.0mL5% potassium persulfate, shake .The added amount of water soaking the filters were 
completely placed in a water bath at 90 - 100 ° C pot exploded heating for 1 hour, 20% 

hydroxylamine hydrochloride solution was added dropwise after cooling, the excess oxidant 

just restore (manganese dioxide precipitate just disappears), with water volume to 25mL 
shake, open the lid and allowed to stand in a fume hood for 10 minutes, so that chlorine 
natural overflow, a solution of 0.05% potassium borohydride as reducing agent, and 1% 

nitric acid solution as the carrier determination on the machine. 
As sample preparation of the test solution: Take the membrane sample of 1/8 in 100mL 

polytetrafluoroethylene beaker, and 0.5mol / L HCL 50 ml, soaked overnight after 90 ~ 95 ℃ 

hotplate digestion to about 10mL, let cool quantitative filter paper with a medium speed 
filter 50mL colorimetric tube, with 0.2mol / L solution was washed filter paper and beaker 4 
to 5 times, the filtrates were combined, washed with water to a constant volume to 50mL 
shake, alternate.Accurately moved into the sample test solution 10.0mL (remaining 
colorimetric tube, accurate added 1.0mL of concentrated hydrochloric acid in 10mL 1.0mL5% 
thiourea and 5% ascorbic acid solution, shake at room temperature for 30 minutes for the 
analysis of the other heavy metals) pre-reduction.Solution of 1.0% potassium borohydride 

as reducing agent, 2.5% hydrochloric acid solution as a carrier stream determination on 

the machine. 
V. Results and Discussion  

Blank membrane and sample membrane quality control and quality control samples spiked 

recovery assessment.Blank spiked recovery of the membrane, the recovery rate of mercury 
between 92% to 101%, As the recovery rate of between 96% to 109%; samples spiked 
membrane recycling the Hg recovery rate of 90% to 118 % As the recovery rate of between 97% 

to 109%; assessment of quality control samples are shown in Table 1. 
Table 1 quality control sample results of the exam 

Determination 

of the number 

of times 

Hg (μg / L) As (μg / L)
The true value of 

the measured value 
The true value of 

the measured value 
First

Second 
Third 

14.64
14.21 
13.21 

 
4 out of 7 
± 1.5. 

0.392
0.418 

 
0.41 

± 1.5 
  



Excited state mercury atoms and some of the atoms and compounds (such as O 2, N � 
Collision energy transfer occurs and Cl 2, etc.) generated "fluorescence quenching", so the 
selection of the inert gas argon as the carrier gas, the sample digestion sampled nitric 

acid instead of hydrochloric acid was added hydroxylamine hydrochloride need to get rid 

of the chlorine, in order to improve the test sensitivity and stability.Can strongly 

absorb the the 253.7nm mercury lines and emitting fluorescent substance such as benzene, 
toluene, xylene and other aromatic compounds, can produce severe positive interference; 

in an acidic medium can be reacted with mercury to form a complex and the substance such 

as Au amalgam 3 +, Pt 2 +, Te 4 + and Pd 2 +, etc. have serious negative interference, the accuracy 
of the experimental results show that the digestion of the sample using potassium 

permanganate and potassium persulfate, can reduce or even eliminate the interference. 
As the measurement, six times Sb, 20 times Pb, 30 times Sn, 200 times Cu and 200 times Zn As 

3 + measured without interference (± 10%).Add a mixture of thiourea and ascorbic acid can 

not only the AS 5 + prereduction As 3 +, can also be to eliminate most of the coexisting ions 

such as Cu 2 +, of Co 2 +, Ni, 2 +, Cr 6 + Other interference. 
Six, methods sources 

Modern Scientific Instruments 2, 2001 

4.6.8 hydride generation atomic fluorescence spectrometry determination of 

traces of arsenic and mercury content in tea 

  
First, the method summary 

Tea is one of the country's major cash crops, the country has 21 provinces, 
municipalities, autonomous regions and tea production, China's tea export has reached 
more than 100 countries and regions, China's export of major agricultural products, tea is 
also China's most important traditional drink one.Tremendous development in China's tea 

industry, due to the excessive use of fertilizers, pesticides and other man-made 

pollution, toxic elements pollution problems have become increasingly prominent in the 

tea, the state announced in June 2002, according to the test results of the 422 kinds of tea, 
arsenic exceeded the rate (GB2762 - 2005) of 9.8% to 28.2%, accounting for 12.5% of the 

famous tea, and there is increasing trend, in 1989 the Ministry of Agriculture tea 
competitions tea samples exceeded the rate of 3.33%, while the 1999 "China Cup" name tea 
competitions tea-like arsenic exceeded the rate reached 8.41 percent.The phenomenon of 
excessive mercury have also been reported. 

In this paper, microwave digestion hydride generation atomic fluorescence 

spectrometry determination the the Longjing premium, Biluochun, Yunnan Dianhong,, 

Tieguanyin, lychee black tea, jasmine tea, Mao Feng, spiral Kudingcha eight kinds of tea 
samples arsenic, mercury total were lower than the national standards (GB2762 - 2005) 
Limited.2 brew the spiral Kudingcha, Tieguanyin Biluochun three kinds of tea samples, the 
determination of arsenic, dissolved mercury content in tea and tea leaves residual 

arsenic, mercury content.Optimized experimental conditions, arsenic, mercury measurement 

method detection limits were 0.167 ng / g, 0.011 ng / g, the recovery rate was 85.4% to 



98.9%.The method is accurate, reliable, and can be used for the determination of traces 
of arsenic and mercury in the tea and tea. 
Second, reagents 

100 ug / ml mercury single-element standard solution: National Research Center GBW (E) 
080 126; 

100 ug / ml arsenic single-element standard solution: National Research Center, GBW (E) 
080 117; 

Experimental reagents used were of analytical grade level and above; 
Test water for ultra-pure water (TKA - Genpure ultrapure water system); 
8.0% HC1 is the carrier, 1.5% KBH 4 As a reducing agent; 
Experimental samples: the tea samples purchase the Xiamen Jimei tea line, including 

the Longjing premium, Biluochun, Yunnan Dianhong, Tieguanyin, lychee black tea, jasmine 

tea, Mao Feng, spiral Kudingcha. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 tea samples before processing tea research into powder, through a 200 mesh 
sieve.Accurately weighed 0.3 g sample powder in the digestion tank, add 3 mL of nitric acid 
(GR) I0 0 ℃ under pre-digestion after 6 h, and then microwave digestion.After complete 
digestion, cooled, remove the inner tank in a hot plate 120 ° C to hurry acid 16 H.After 
cooling, transferred to 20 mL polyethylene plastic vial, adding 
1.5 mL of thiourea (150 g / L) and 5 mL of hydrochloric acid (GR), with the ultrapure water, 
the determination of As, Hg total. 

4.0 g of tea sample in a 150 ml beaker, add 50 mL100 ℃ ultrapure water, soak for 5 min, 
filter out the tea to a 100 mL volumetric flask.Residue is then soaked in the same 
way.Were collected twice a tea each added The 5.00mL hydrochloric acid, plus 
Mixed solution into 4.00 mL of potassium bromate potassium bromide (0.1 mol / L ~ 10 g / L), 
shaken, at room temperature for 10 min, dropping hydroxylamine hydrochloride, sodium 
chloride (120 g / L to 120 g / L) solution to yellow Tunjin.Adding 10 ml 2.5% thiourea and 
constant volume to 100 ml, were measured twice a tea As, Hg content.Residue dried at 50 ℃, 

and research into powder, As, Hg Determination of Gross Determination of As, Hg content of 
the residue. 
V. Results and Discussion  

5.1 tea samples, As, Hg total measurement results and the recoveries test experimental 
methods of lychee black tea, Longjing, Iron Goddess of Mercy, Mao Feng, Biluochun 

Kudingcha the jasmine, Yunnan Dianhong, 8 Zhongcha samples As, Hg total determination, and 
spiked recovery test, results are shown in Table 1, Table 2. 

  
Table 1 tea samples in the measurement results of the total As, Hg (ug / g) 

Sample 

Name 
Arsenic Mercury

Lychee 

Black Tea 
Longjing 
Tieguanyin 
Maofeng 
Green tea 

0.065 7 ± 0.0090

0.0317 ± 0.0038 
0.0490 ± 0.0017 
0.0363 ± 0.005 
0.0700 ± 0.0032 
0.1658 ± 0.0044 

0.024 ± 0.0002

0.0022 ± 0.0002 
0.0040 ± 0.0001 
0.0029 ± 0.0001 
0.0030 ± 0.0004 
0.0026 ± 0.0001 



Kudingcha 
Jasmine 
Yunnan 

Dianhong 

0.0548 ± 0.0042

0.0810 ± 0.0216 
0.0022 ± 0.0001

0.0018 ± 0.0001 

  
Table 2 recoveries measurement results 

  
Sample 

Arsenic (μg / g) Mercury (ng / g)
Background 

values 
Spiked 

value 
Measured Recovery% Background 

values 
Spiked 

value 
Measured  Recovery%

Kudingcha 
  
  
Longjing 

tea 

0.1658 
  
  
0.0317 

0.0800 
0.1500 
0.3000 
0.0100 
0.0300 
0.0500 

0.242 7 ± 

0.0026 
0.3082 ± 

0.0026 
0.4478 ± 

0.0022 
0.0412 ± 

0.0009 
0.05877 ± 

0.0016 
0.07903 ± 

0.0010 

96.1
94.9 
94.0 
95.3 
90.2 
94.6 

2.61
  
  
2.17 

1.00
2.00 
4.00 
1.00 
3.00 
5.00 

3.53 
459 
6.07 
3.11 
497 
6.44 

91.4
98.9 
86.5 
94.7 
93.4 
85.4 

  
To 5.2 tea and residue As, Hg measurement results of sample handling methods, 

respectively Tieguanyin Biluochun, Kudingcha a 3 Zhongcha samples of tea and its residue 
Determination of As, Hg, and the results are listed in Table 3, Table 4. 
  

Table 3 tea and residues of arsenic content (ug / g) 
Product 

Name 
The first tea Second tea Residue Total 

Tieguanyin 
Green tea 
Kudingcha 

0.0353 ± 

0.0019 
0.0372 ± 
0.0004 
0.0304 ± 
0.0033 

0.0177 ±
0.0031 

0.0217 ± 
0.0025 

0.0163 ± 
0.0004 

0.0043 ±
0.0005 

0.0142 ± 
0.0005 

0.1042 ± 
0.0017 

0.0573 
0.1001 
0.1509 

  
Table 4 tea and residue in mercury content (ng / g) 

Product 

Name 
The first 

tea 
Second tea Residue Total 

Tieguanyin

Green tea 
Kudingcha 

0.77 ± 0.05

0.77 ± 0.01 
0.00 ± 0.02 

0.00 ± 0.08

0.12 ± 0.02 
0.00 ± 0.02 

2.84 ± 0.04

2.18 ± 0.00 
2.18 ± 0.00 

3.61 
3.07 
2.18 

  
Six, methods sources 

Chinese Journal of Health Laboratory in November 2006, 16, 11 



4.6.9 hydride generation atomic fluorescence spectrometry determination of 

arsenic and mercury in the caustic calcined magnesite and brucite 

  
First, the method summary 

Caustic calcined magnesite and brucite One use of the wider minerals and manufactured 

goods, and can be used for the production of fertilizers, feed additives.For human and 

animal safety, including harmful elements As, Hg attracted widespread attention, have 
strict restrictions on content in the product; recent years, more and more in 

international trade inspection requirements.The relevant standard has not yet been 

released, the relevant test methods have not been reported, making it difficult to follow 

a proven method of these elements were detected.In order to meet the needs of the entry-

exit commodity inspection, hydride generation atomic fluorescence spectrometry method for 

simultaneous determination of As, Hg caustic calcined magnesite and brucite.The method 
detection limit of 0.7 ng / mL (As), 0.02 ng / mL (Hg); linear range of 0 to 100 ng / mL (As), 0 
to 10 ng / mL (Hg).The method is simple, the results are satisfactory. 
Second, reagents 

Hydrochloric acid (superior grade pure): 1 + 1, 1 +9; hydrogen peroxide: 30%; 
KBH 4 solution: 20 g / L; KOH solution: 3 g / L; ascorbic acid solution: 100 g / L; thiourea 

solution: 10 g / L; 
As standard working solution: 5ug/mL, dubbed by 1 mg / mL the arsenic standard stock 

solution (National Research Center) diluted; 
Hg standard working solution: 0.5 ug / mL, and diluted dubbed by 1 mg / mL mercury 

standard stock solution (National Research Center); 
Matrix solution: take l0 g (spectral pure) magnesium oxide in a beaker, add a small 

amount of water wetting slowly added to about 45 mL of hydrochloric acid, and the sample 
is completely dissolved, set the volume to 500 mL volumetric flask, shake; 

The above reagent addition to the stated were of analytical grade, water twice-

distilled water. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.2 Working curve preparation Pipette 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 
of 1.0 mL As the the Hg standard working solution in a 50-mL volumetric flask, add 10 mL of 
hydrochloric acid (1 +1) 5 ml substrate solution, diluted with water to approximately 40 mL, 
5 mL of ascorbic acid solution, 5 mL of thiourea solution, constant volume, shake. 

4.3 Weigh accurately 0.200 0 g sample in PTFE digestion tank, adding l0 mL HC1 (1 +1) and 2 
mL of H 2 O 2 microwave digestion sample (MK - 1 type microwave sample dissolution system 
Coal Science Research Institute).After digestion, cooling, transferred into 50 mL volumetric 
flask, each 5 mL ascorbic acid and thiourea solution, constant volume, shake.Pre-restore 
after 20 min.Add solution of potassium borohydride is generated so that the arsenic and 
mercury borohydride to the sample solution the working curve solution and the blank 

solution by atomic fluorescence photometer. 
V. Results and Discussion  



5.1 sample is dissolved the way arsenic, mercury Department of volatile 
elements.Hydrochloric acid A hydrogen peroxide may be better to dissolve the sample.As, 
Hg maintained at the high-priced state solution.Benefits by Microwave Digestion sealing 
system to prevent the measured elements leaks, high pressure of the sample is easily 

dissolved.The trial found.Use a file, the sample is not readily dissolve; using third 

gear and above stall, the samples are susceptible to leakage, and the sample dissolution 

cauldron vulnerable; use a file 2min, second gear 6 min, can be used to dissolve the sample, 
of which the main component magnesium oxide was completely dissolved, the silicate was 

dissolved fluff. 
5.2 magnesium matrix affect the light burning magnesium sample matrix.Containing As for 

0, 6, 10, 30 ng / mL and containing Hg for 0, 0.6, 1.6, 10 ng / mL solution of the working 
curve was added with the same amount of sample of the magnesium matrix solution and found 

that the slope of the curve with and without magnesium The slope of the curve of the base 

body is different.Therefore, in the working curve solution was added 10 mL of substrate 
solution, to make it match with the sample, eliminating the influence of the base body. 

5.3 Determination of experimental methods caustic calcined magnesite and brucite of 
arsenic and mercury analysis results and recoveries are shown in Table 1. 

  
Table 1 Sample arsenic and mercury analysis results and recoveries 

Sample Measured 

values 
The amount Measuring the 

total amount of 
Recovery (%) 

As Hg As Hg As Hg As Hg 
Light 

burning 

magnesium 
  
Brucite 

5.0 
0.8 
2.4 
24.0 

0.0
8 

0.2
4 

0.4
0 

0.3
2 

5.
0 

1.
0 

2.
5 

25
.0

0.1
0 

0.2
5 

0.5
0 

0.5
0

10.25
1.85 
5.25 
49.7 

0.19
0.51 
0.97 
0.89 

102
.5 

102
.7 

107
.1 

101
.4

105
.6 

104
.1 

107
.8 

108
.5 

  
Trial found light burned magnesium main impurity elements Si, Fe, Ca, Na, K, Mn, P, S, 

B, Sr content lower, does not interfere on the As, Hg Determination; Ni, Zn, Pb, Cd, etc. 
Trace element determination also no interference. 
Six, methods sources 

Metallurgical analysis of the first 26 2 April 2006 

4.6.10 wet digestion atomic fluorescence spectrometry determination of 

urinary mercury 

  
First, the method summary 

Mercury (Hg), also known as the mercury is liquid only under normal temperature and 
easy flow of the metal.Proportion of 13.595, vapor specific gravity of 6.9.O ℃, the higher 

the temperature, the faster and more evaporation.Metallic mercury in vapor form from the 
respiratory tract invade the body through the blood to reach the 



全身各器官 attack enzyme system to cause a variety of damage.Mercury into human tissue, 

kidney content up, up to 70% and 80% of the amount of total mercury in the body.Mercury 
excreted in urine, discharge about 70% of the total discharge amount of urine mercury 
content determination to become one of the main methods of diagnosis of mercury 

poisoning.Mercury detection method dithizone method cumbersome operation, low sensitivity; 

atomic absorption method, interference, and low sensitivity; hydride generation atomic 

fluorescence method is a new method developed in recent years, with high sensitivity, 

less interference, easy to operate The advantages of fast.Urine sample digestion by 

microwave digestion, wet digestion Determination of urinary mercury has not been reported, 

are as follows. 
Second, reagents 

All reagent water re-distilled water, acid excellent pure;  
Potassium borohydride (20 g / L) Weigh 10 g of potassium borohydride, dissolved into 500 

mL aqueous solution containing 2 g sodium hydroxide.When you use the existing service; 
Potassium permanganate (0.5 g / L) Weigh 5 g of potassium permanganate dissolved in 100 mL 

of water; 
Hydroxylamine hydrochloride (2 g / L) Weigh 20 g of hydroxylamine hydrochloride dissolved 

in 100 mL of water; 
Mercury standard solution of national standards substances Center; 

Third, the test conditions 
See mercury standard analytical conditions 

4, experimental methods 
4.1 standard curve draw 1.0 mL 1 000ug/ml concentration of mercury (Hg) single-element 

standard solution (the national standard substances Center) to 100 ml volumetric flask, 0.05 g 
of potassium dichromate, 5% nitric acid to volume This mercury standard stock solution 

concentration of 10 ug / mL.And then draw 1.0 ml of mercury standard stock solution of 5% 

nitric acid in a 100 mL volumetric flask with constant volume into a mercury standard 
solution, concentration 0.1ug/mL; take standard liquid 0.8, 1.6, 2.4, 3.2, 4.0 m1 50 
volumetric flask, each with 2 ml of concentrated sulfuric acid, and deionized water to 
volume, the dubbed concentration (ug / L) 1.60, 3.20, 4.80, 6.40, 8.00 standard series. 

4.2 2 ml urine sample determination Imbibe 2 ml of sulfuric acid in a 150 ml Erlenmeyer 
flask, 5 ml of 5% potassium permanganate, add water to 50mL, boiled for 5 min, allowed to 
cool down on a hot plate.Dropping 20% hydroxylamine hydrochloride to potassium 

permanganate colors faded, shake vigorously, and placed for 30 min.Constant volume 
transferred to 50 volumetric flask.Method standard curve Act. 
V. Results and Discussion  

Spiked recoveries respectively selected this base 1.64 2.67 26.03ug / L urine sample and 
standard 1.60, 3.20 ug / L standard spiked recovery test, the recovery rate of 92.5% to 
100.3 %.The results are shown in Table 1. 
Table 1 recovery test results (ug / L) 

  
Sample 

background 

values 
  

Determination of the 

amount of different 

spiked 

Recoveries 
(%) 

1.60 3.20  



1.64
2.67 
26.03 

3.18
4.15 
27.56  

4.83
5.75 
29.24  

96.2 99.7
92.5 96.2 
95.6 100.3 

  
Six, methods sources 

Chinese Journal of Health Laboratory in July 2006 l6 7 

4.6.11 dual channel atomic fluorescence spectrometry determination tea 

mercury, arsenic 

  
First, the method summary 

Establish a method of simultaneous determination of mercury, arsenic tea.The method 

by microwave digestion sample preparation techniques and atomic fluorescence spectrometry 

determination of mercury and arsenic content in tea samples.The levels of mercury and 

arsenic in the 0 - 2.0 ng / ml and 0 - 50 ng / mL range a good linear correlation coefficients 
were 0.9992 and 0.9995, and the detection limits were 0.012ug / L, and 0.084ug / L, recycling 
rate of between 87.5% and 92.5% and 98.3% - 104.5%.This method is used in tea mercury, 
arsenic determination is feasible. 
Second, reagents 

Mercury, arsenic standard stock solution of 100 mg / L; 
Mixing a reducing agent (5% ascorbic acid + 5% thiourea) 5 g of thiourea and 5g ascorbic 

acid, dissolved with deionized water, after the set volume to 100 ml; 
2% solution of potassium borohydride was weighed 2 g of sodium hydroxide dissolved in 

deionized water, and dissolved by adding 8 g of potassium borohydride, diluted to 400 mL 
deionized water; 

Dilute solution of 5% hydrochloric acid solution (containing 0.2 g / L potassium 
dichromate); 

Mercury intermediate standard solution (10 mg / L) take 10mL of mercury standard stock 
solution the scheduled volume to 100 mL with deionized water; 

The middle of the arsenic standard solution (10mg / L): to take 10mL arsenic standard 
stock solution with deionized water volume to 100 mL; 

The mercury standard operation solution (100 ng/m1) was given take 1 mL mercury standard 
intermediate liquid diluent volume to 100 ml; 

The arsenic standard operating solution (1 000 ng/m1): to take 10mL arsenic standard 
intermediate liquid water volume to 100 ml; 

Carrier 5% hydrochloric acid solution. 
The standard substance for tea GBW07605 and Mineral Department Geophysical and 

Geochemical Institute, tea leaves GBW08513 Chinese Academy of Ecological Environment 
Research Center. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 the sample pretreatment accurately said take 0.2 - 0.5g sample in a microwave 
digestion system equipped with PTFE sample dissolution cup, add 6 ml of concentrated nitric 



acid, and at the same time to do two blank.To stand overnight, the next day, add 2mL 
hydrogen peroxide, sealed, placed in a Lab Tech microwave digestion gradient heating 
furnace, microwave heating, and at 0 - 180 ° C for 2 min, 180 ° C after 10 min.After 
completion of digestion, the PTFE solution sample cup is placed in a temperature-

controlled hot plate, 130 ℃ catch acid to near dryness, and after cooling, with a small 

amount of diluting liquid repeatedly digestive transferred to 25mL scale colorimetric 
tube was added 2.5 ml mixed reducing agent, then diluted solution diluted to the mark, for 
30 min under test. 

4.2 mercury, arsenic standard series prepared to take five 50mL and a 100-ml volumetric 
flask, were added to the 0.00, 0.25, 0.50, 1.00, 2.00, 5.00 mL concentration of 1 000 ng / 
mL of the arsenic standard operating solution, and then were added 0.00, 0.10, 0.20, 0.40, 
0.80, 2.00 mL concentration of 100ng/ml mercury standard operating solution, again five 50 
mL volumetric flask and 25 ml of concentrated hydrochloric acid is added 5 mL of mixed 
reducing agent, to a capacity of 100 ml flask 5 ml of concentrated hydrochloric acid and 10 
mL of mixed reductant, constant volume ionized water, so as arsenic (mercury) Standard 
Series 0.0 (0.0) 5.0 (0.20) 10.0 (0.40) 20.0 (0.80) 40.0 (1.6), 50.0 (2.0) ng / mL. 
V. Results and Discussion  

Within the linear range, the three groups of different concentrations of the standard 
solution was added on the same sample, each measured 10 times to obtain the average 
recovery is shown in Table 1. 
Table 1 tea samples arsenic, the mercury spiked recoveries Table (n = 10) 

Sample Background 

values (mgkg) 
Added in an 

amount (mgkg) 
Found (mgkg) Recovery 

(%) 
As Hg As Hg As Hg As Hg 

Tea 0.140 0.00
1 

0.200
0.400 
0.800 

0.02
0.04 
0.08 

0.3
49 

0.5
34 

0.9
26

0.0
19 

0.0
38 

0.0
71

104
.5 

98.
5 

98.
3

90
.0 

92
.5 

87
.5 

The standard substance measurement results are shown in Table 2. 
Table 2 standard material and the measurement results 
  

Standard 

material 
Element Indication 

value 
Measured 

values 

(mean, n = 
7) 

Coefficient 

of 

variation 
(%) 

Tea GBW07605 
Tea leaves 
GBW08513 

As 
Hg 
As 
Hg 

0.2 8 ± 

0.03 
0.013 
0.18 ± 

0.049 
0.017

0.26
0.011 
0.16 
0.015 

5.0 
4.5 
4.8 
5.7 

  
The digestion conditions determine the sample is completely digestion, digestion 

liquid clear colorless (or slightly yellow) for the complete digestion.After trial, in 18 
0 ℃ 10 min to be satisfied with the digestion results.Need to catch up after acid 



digestion.Nitric acid and hydrogen peroxide is an oxidizing reaction of thiourea and 

ascorbic acid added later, a large number of bubbles appear, and the solution was cloudy, 

so that no arsenic restored to the higher valence state of arsenic can not be detected on 

the instrument results, but hurry acid temperature is not too high (13 0 ℃ is appropriate), 
to prevent the loss of mercury. 

Sample pretreatment should pay attention to the problem of tea after adding acid to 

the more violent response after adding acid overnight, and then combined with hydrogen 

peroxide, to prevent liquid overflow caused by the loss of large bubble at the end. 
Six, methods sources 

Chinese Journal of Health Laboratory, one of the 17 of January 2007 

4.6.12 water bath digestion - atomic fluorescence spectrometry determination 

of mercury in the soil 

  
First, the method summary 

Atomic fluorescence spectrometry determination of mercury in the soil sample 

digestion process to ensure accurate results.Of multiple testing and refinement, the 

water bath digestion method to analyze soil samples to multiple national standards, and 

the results are in line with the requirements, in order to verify the accuracy and 

precision of the method can meet the monitoring quality control requirements.The method 

is simple, fast, and has a promotional value. 
Second, reagents 

Mercury standard solution: 10.0 ng / mL, the mercury standard solution (national standard 
substance Centre, 100 mg / L) with 5% hydrochloric acid stepwise dilution; 

Sulfuric acid (GR); 5% hydrochloric acid: deionized water, diluted hydrochloric acid 
(GR) becomes; 

4% potassium permanganate solution: Weigh 4 g of potassium permanganate (GR) was 
dissolved in 100 mL of deionized water; 

10% hydroxylamine hydrochloride: said to take 10 g of hydroxylamine hydrochloride was 
dissolved in 100 mL of deionized water; 

2% potassium borohydride: Weigh 2 g of potassium borohydride (AR) was dissolved in 100 
mL of 0.5% sodium hydroxide solution (AR). 
Third, the test conditions 

  
  
  
See mercury standard analytical conditions 

4, experimental methods  
4.1 Digestion of soil samples weighed soil samples were 0.1 to 2.0 g in 50 mL 

colorimetric tube, add 20 mL of deionized water, add 6.0 mL of sulfuric acid, 0.6 mL of 4% 
potassium permanganate solution, Mesa, gently shake keeping the solution reddish.The 
colorimetric tube placed in boiling water bath, the water more than the height of the 

tube solution.Every 10 ~ 15 min, gently shake colorimetric tube, tube solution red faded to 
add potassium permanganate solution, to ensure that the tube within the solution was 

reddish.Entire digestion process lasted 2 h.Digestion After cooling, remove colorimetric 



tube.Restore the tube solution before use with hydroxylamine hydrochloride solution, so 

the red just faded, deionized water volume to 50 mL, Shake filtration, the filtrate 
obtained stand.Digestion two parts - blank test solution for reagent calibration according 
to the same steps. 

4.2 draw curves draw 0.5 mL, 1.0 mL, 2.0 mL, 3.0 mL, 4.0 mL, 7.0 mL mercury standard solution 
in a 50 mL volumetric flask, diluted to 50 mL with 5% hydrochloric acid, shake-on testing 

draw standard curve. 
V. Results and Discussion  

China Environmental Monitoring Station Determination of mercury standard soil 

evaluation and analysis of the accuracy of the data is the first selection of standard 

reference materials.I repeated a plurality of standard substance were measured, and 

measurement results are shown in Table l. 
  
Table 1 Determination results 

Sample Name Guarantee 

value (mg / 
kg) 

The measured 

value (mg / kg) 
RSD
(%) 

Recovery 
(%) 

ESS-1 chernozem 
ESS-2 brown 
soil 
ESS-3 red soil 
ESS-4 mortgage 
soil 

0.01 6 ± 

0.003 
0.019 ± 

0.003 
0.112 ± 

0.012 
0.021 ± 

0.004 

0.013-0.018
0.017-0.020 
0.103-0.123 
0.017-0.024 

7.0
6.2 
4.2 
5.3 

88. 
92. 
105 
90 

  
Six, methods sources 

7 of 2006, 32 of the Industrial Safety and Environmental Protection 

4.6.13 microwave digestion cold vapor atomic fluorescence method for the 

determination of trace amounts of mercury Pork 

  
First, the method summary 

Mercury is a widely dispersed environmental toxicants.Monitoring Pork trace amounts 

of mercury are closely related to people's health.Determination of mercury have 

spectrophotometry, atomic absorption spectrometry, atomic fluorescence spectrometry [et 
al.This article with homemade double PTFE sample dissolution tank, in a household 
microwave digestion sample cold atomic fluorescence spectrometry.Microwave digestion, 

defiled the possibility of loss of mercury and the sample can be eliminated, greatly 

reducing sample preparation time, significantly reduce the blank value, sample digestion, 

and digestion of low-cost, easy to spread.Cold vapor atomic fluorescence method for the 

determination of trace amounts of mercury, a simple, rapid, high sensitivity and low 

detection limit, and less interference factors.Cold vapor atomic fluorescence method for 

the determination of trace amounts of mercury, pork mercury recoveries between 90.7% to 



98.8%; relative standard deviation (RSD) of 2.62%; detection limit of 0.010 ug / mL; linear 
range of 0 - 12ug / mL. 
Second, reagents 

Nitric acid (superior grade pure); hydrogen peroxide, φ (H 2 O 2) = 30%; nitrate - potassium 
mixture; sodium hydroxide (5 g / L); mercury standard stock solution (1.0 mg / L pure argon.); 
mercury standard solution (0.1 ug / L); 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 sample handling and sample preparation to take the appropriate amount of lean pork, 
cut into cubes, placed on the surface of the dish in the oven (t = 62 ° C) the baking after 8 
h, ground to a powder, placed in the dryer to be with.Weigh 0.250 0 g pork sample homemade 
PTFE closed digestion tank, has added 2 mL of nitric acid, 0.5 mLφ (H 2 O 2) = 30% hydrogen 
peroxide, covered, in a microwave oven (800 W) digestion 7 min, cooling, the solution was 
transferred to a 25.00 mL volumetric flask with nitric acid - potassium dichromate mixed 
solution was diluted to scale, be tested. 

4.2 standard curves draw 0.1 ug / mL mercury standard solution 0.00, 0.25, 0.50, 1.00, 
2.00, 2.50 mL in a 25 mL volumetric flask with nitric acid - potassium dichromate mixed 
solution was diluted to the mark, preparation of standard series .The measured instrument 

conditions. 
V. Results and Discussion  

Of pork mercury spiked recovery according to the selected method, the results shown 

in Table 1. 
Table 1 mercury spiked recovery experiments 

Sample Number 0.2500g sample 
containing 
The Hg amount of 
(ng / g) 

Hg amount of
(Ng) 

Hg
measured 

amount 
(ng) 

Recovery 
(%) 

# 1 
# 2 

2 
2 

52.0 
71.3 
  

100.0
100.0 
100.0 
100.0

147.3
150.8 
162.0 
166.8

95.3 
98.8 
90.7 
95.5 

  
Interference of coexisting elements and its elimination experiments show that the 

solution of 25 mL, 25.0 ng of mercury, 0.05 mg Se (Ⅳ), 5.0 mg of Pb (Ⅱ), 3.0 mg of Cd (II), 1.5 
mg Ge (Ⅳ), 0.5 mg (II) in the presence of 1.0 mg of As (Ⅲ) does not interfere with the 
determination. 
Six, methods sources 

Trace Elements Science 2005 12 12 

4.6.14 suspension injection atomic fluorescence spectrometry determination of 

trace amounts of mercury in marine sediment samples 

First, the method summary 
A suspension sampling atomic fluorescence spectrometry determination of trace amounts 

of mercury in marine sediments quick and easy way.Controlling the particle size of the 



suspension at 200 mesh (d ≤ 0.076mm), with a magnetic stirrer in order to ensure a uniform 
and stable suspension dispersion, an aqueous solution standards for standard curve, the 

method detection limit of this law is 0.001 ug / L The recoveries were 90.5% ~ 103.4%, RSD 
4.39%.This method has been used for reference material GBW 07314 In 8301 GBW0, GSBZ 50013 
- 88, GSB 50014 - 88 and outside the control sample analysis in the laboratory to obtain 
satisfactory results prove that the method is accurate and reliable. 
Second, reagents 

Hg standard stock solution: 1.00 g / L, weighed 0.135 4g HgCI 2 (pre-sulfuric acid desiccator 
for 24 h) in a 50 mL beaker with a small amount (1 +19) HNO 3 dissolved into 100 mL volumetric 
flask, (1 +19) HNO 3 set the volume to the mark, shake.When (1 +19) of HNO 3 was diluted to 
the desired concentration. 

KBH 4 solution: 0.005%, it is said to take 1.0 g KOH dissolved in 200 mL of deionized 
water was added 0.5 g KBH 4 dissolved in 20 mL of deionized water mix to 1 000 mL (now with 
the current distribution). 

The superior grade pure reagents were used. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

4.1 standard curve turn Pipette 0.00, 0.25, 0.50, 1.00, 2.00, 4.00, 8.00 mL Hg standard 
solution (10ng/mL) to a 100 mL volumetric flask, were added to 10 mL of HC1 to the mark, 
which is equivalent Hg concentration of 0.00, 0.025, 0.050, 0.1, 0.2, 0.4, 0.8 ng / mL under 
test. 

4.2 Preparation of the suspension was accurately taken 0.100 0 ~ 0.500 0 g marine 
sediments dry sample, placed in a 50 mL beaker, add a small amount of deionized water is 
wet, add 5 mL HC1, diluted to 50 mL with deionized water.Stirred using a magnetic stirrer 
to prepare a suspension for testing. 

Open 4.3 atomic fluorescence spectrometer, set good working condition stable 30 min 
before the determination of the standard series, and then in the magnetic 
Stirrer directly absorb the suspension was measured. 
V. Results and Discussion  

5.1 Effect of sample size is proportional to the square of the settling velocity of 
the particles with the particle size in the suspension injector atomic fluorescence 
analysis, the stability of the suspension is an important factor, it directly affects the 

precision of the results of the analysis and accuracy.Theoretically, the smaller the 

particle diameter of the suspension particles the suspension stable time is longer, so a 

good precision and accuracy of the analysis result can be obtained.Respectively, through 

the sample 100, 160, 200, 300, 360, 400 mesh standard sieve by experimental methods, 
experimental results are shown in Table 1.Thus, the fluorescence intensity increases with 
decreasing particle size, Hg and the fluorescence intensity reaches a maximum when the 
particle diameter of 200 mesh. 

Table 1 Sample granularity 
The sieve 

No. / 

Head 

100 170 200 300 360 400 

d Ρ / μm
IF 

149 
438 

88.
452 

76
48

2

50
489 

40
485 

38 
487 



  
5.2 the impact of the mass concentration of the suspension 
Herein using standard substance GBW 07314 formulated as suspensions of different 

concentrations, was measured under the conditions of the selected instrument, which can 

be seen when the mass concentration of the suspension is less than 20g / L, the 
concentration and the fluorescence intensity of the suspension showed good a linear 

relationship.Therefore, in the actual analysis of the process, completely by changing the 

amount of the sample was weighed to control the mass fraction of the sample of Hg.Selected 
in this test the quality of the suspension concentration of 4 g / L. 

5.3 Recovery and precision test 
To different sediment samples by adding an appropriate amount of standard solution 

for the determination of the recovery rate of 90.5% to 103.4%.6 parallel determinations of 
the the GBW 07314 standard material relative deviation of 4.39%. 

5.4 Standard Reference Materials 
Of the experimental methods, analysis of the four kinds of standard substances: and 

GBW 07314 the GBW 08301 GSBZ 50013 - 88 GSB 50014 - 88 and outside the control samples of 
Hg mass fraction, and the results are shown in Table 2, the measured values consistent 
with the standard value. 

  
Table 2 and conventional digestion results control 
  

  
W (Hg) / × 

10 -6 

Standard material 
GBW07314 GBW08301 GSBZ50013-88 GSB50014-88 External 

control 

sample 
This method 

is 
The 

traditional 

operator 

digestion 

method 
Standard 

values 

0.050 
0.047 
0.04 8 ± 

0.012 

0.212 
0.227 
0.22 ± 

0.04 

0.108
0.105 
0.112 ± 0.012 

0.023
0.019 
0.021 ± 0.004

0.020 
0.023 
0.021 ± 

0.004 

  
5.5 analysis of marine sediments 
Application of this Act, the determination of mercury in a large number of marine 

sediment samples, partial results are shown in Table 3. 
  
  
Table 3 the results of the analysis of marine sediments 

  
W (Hg) / × 

10 -6 

Sample No.

1 2 3 4 5 6 

This method 

is 
The 

traditional 

operator 

0.037 
0.034 

0.074
0.072

0.040
0.041

0.067
0.071 

0.025
0.026 

0.038 
0.039 



digestion 

method 
  
Six, methods sources 

Marine Environmental Science, Volume 22, Issue 2 May 2003 

4.6.15 Application dual channel atomic fluorescence spectrometer simultaneous 

determination of arsenic and mercury in drinking water 

  
First, the method summary 

Arsenic and mercury has a strong accumulation of toxic elements in the field of 

drinking water health supervision and wading products health evaluation as an important 

test item.The conventional method for the determination of arsenic, mercury silver salt 

method, colorimetry, spectrophotometry, atomic absorption, atomic fluorescence 

spectrometry.Due to arsenic in drinking water, the mercury content is very low, which 

have a high sensitivity of detection equipment.Hydride generation atomic fluorescence 

spectrometry is faster trace analysis techniques developed in recent years, the use of 

the technology for arsenic and mercury analysis test has been more widely used in the 

field of food and drinking water.Using the dual channel atomic fluorescence spectrometer, 

simultaneous determination of arsenic and mercury in the drinking water.In the best 

instrument conditions, the detection limit of arsenic and mercury sub another 0.0273 ug / L 
0.0034 ug / L, and the relative standard deviation of the measured results of 1.09% - 3.34% 
(n = 7), arsenic and mercury The recoveries were 96.59% - 103.97% and 96.78% - 98.95%. 
Second, reagents 

Potassium hydroxide solution: 4 g / L.Weigh 2 g of potassium hydroxide dissolved in 
water and diluted to 500 mL; 

Potassium borohydride solution: 15 g / L.Weigh 7.5 g of potassium borohydride dissolved 
in 500 mL of 4 g / L potassium hydroxide solution with the existing service; 

Current-carrying: deionized or double-distilled water;  
Thiourea-ascorbic acid solution: Weigh 10 g of thiourea was dissolved in 100 mL of pure 

water, all dissolved in 10 g ascorbic acid, with now with; 
Arsenic standard stock solution: 100 mg / L, and the national standard substance 

research center: 
Arsenic standard solution: 500ug / L.10% hydrochloric acid medium; 
Potassium bromate potassium bromide solution: Weigh 1.392 g of potassium bromate and 5 g 

of potassium bromide, dissolved in water and the volume to 500 mL; 
Potassium dichromate solution: 0.5 g / L.Weigh 0.5 g of potassium dichromate dissolved in 

nitric acid solution (1 +19) and set the volume to 1 L; 
Mercury standard stock solution: 100 mg / L, and the national standard material 

research center: 
Mercury standard solution: 50 g / L, 0.5 g / L; 
Dichromate a nitric acid solution (1 +19) as a medium; 
Reagent used in this method were of analytical grade or superior grade pure test 

water is deionized water or double-distilled water. 



Third, the test conditions 
See mercury standard analytical conditions 

4, experimental methods  
4.1 30 mL water sample in a 50 mL volumetric flask, add 5 mL of hydrochloric acid, 1.5 

mL of potassium bromate potassium bromide solution, add 5 mL thiourea ascorbic acid 
solution, shake set the volume to 50 mL.Warm-up 15 - 20 min after the start of measurement 
instrument parameters, in turn Standard Series and sample measurement. 

4.2 Pipette arsenic, mercury standard solution 0.00, 0.10, 0.20, 0.40, 1.00, 2.00, and 4.00 mL 
of a 100 mL volumetric flask, add a little water, add 10 mL of hydrochloric acid, 3 mL of 
potassium bromate potassium bromide solution, 10 mL thiourea ascorbic acid solution, set 
the volume to 100 mL.Give a concentration of 0.0, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0 ug / L 
series arsenic standard working solution and the concentration of 0.0, 0.05, 0.10, 0.20, 0.50, 
1.0, 2.0ug / L of the series mercury standard working solution. 
V. Results and Discussion  

Was added in the water samples, respectively low, medium, and high concentrations of 

arsenic, mercury standard use solution, and then were determined by experimental methods, 

measurement results and recovery calculation results are listed in Table 1. 
Table 1 spiked recovery test results 

Element Background 

value / μg / L 
Plus scalar
/ μg / L 

Measured 

amount / μg / 
L

Recoveries 
/% 

As 
  
  
Hg 

1.9016 
  
  
0.0092 

2.0
6.0 
10.0 
0.2 
0.6 
1.0

3.844 2
7.697 0 
12.299 0 
0.207 1 
0.591 1 
0.9770

97.13 
96.59 
103.97 
98.95 
96.98 
96.78 

  
Six, methods sources 

Chemical analysis are measured in 2007, l6, No. 1 

4.6.16 atomic fluorescence spectrometry determination of total arsenic and 

total mercury in the soil before the deal with the impact of factors 

  
First, the method summary 

Arsenic and mercury are elements of heavy metals in the soil, in a direct impact on 

the level of content in the soil to the soil as a way to rational use of non-renewable 

resources and protective measures, more closely related to human health.GB15618 - 1995 
soil environmental quality standards, a clear division of the grading criteria may be 

based on the the soil application functionality and protection objectives and provisions 

of the limit values for heavy metals in the different levels of soil.Currently used 
GB/Tl7l34 - 1997 and GB/T17136 - 1997 method Determination of total arsenic and total 
mercury in the soil, need a variety of reagents and instruments and the procedures are 

cumbersome and not conducive to the analysis of large numbers of samples.This article 

attempts by hydride generation atomic fluorescence spectrometry determination of total 



arsenic and total mercury in the soil at the same time, the time to digest and 

simultaneous determination of two elements, the detection limit of 0.023 mg / kg (As), 
0.1lmg/kg (Hg) ; precision of 1.1% (As), 5.2% (Hg); recovery rate of 98.3% to l% (As), 100% ~~ 

101% (Hg), greatly improved work efficiency. 
Second, reagents 

Sulfuric acid: l + l; 
Pre-reducing agent (5% thiourea +5% ascorbic acid): respectively, said take 5.00g of 

thiourea and of ascorbic acid dissolved in 100ml of water; 
Reductant (2.0% KBH 4 +0.5% NaOH): Weigh 2.00g KBH 4 in 100ml 5g / L NaOH solution; 
Current-carrying (1 +19 HC1): Measure 50ml hydrochloric acid plus water diluted to 1 L; 
Arsenic standard solution: Pipette 10 ml of GBW (E) 080 117 arsenic standard solution 

(1mg/mL) into a 100 ml volumetric flask, using (1 +99) HNO 3 constant volume, that is, 100 ug 
/ ml of arsenic standard intermediate solution.Imbibe arsenic standard intermediate liquid 
0.5ml in 50 ml volumetric flask, with constant volume, (I +19) HC1 is the arsenic standard 
solution (1 ug / mL). 

Mercury standard solution: Pipette 10 ml of GBW (E) 080 124 mercury standard solution 
(1mg/mL) into l00ml volumetric flask, using (1 +32) HNO 3 constant volume, that is, 100 ug / 
ml of mercury standard intermediate solution.Imbibe the mercury standard intermediate 
liquid 0.25ml 50ml volumetric flask, containing 0.5g/LK 2 Cr 2 O 7 (I +19) HC1 constant volume is 
the mercury standard solution (0.5 ug/m1). 

Test water was deionized water, acid is superior grade pure, other reagents were of 

analytical grade. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

Weigh 4.1 Sample pretreatment 150 μm sieve of dried soil sample 0.2 - 0.5g ten flask, add 
sulfuric acid (0.03gV 2 O 5 1 +1) 5ml, 7ml nitrate, perchlorate 2ml on the hot plate (28 0 ° C) 
was digested to take thick white smoke, washed with water Pingbi, then heated to the 

remaining small amount of white residue was washed with (I +19) HCI into 25 or 50ml 
volumetric flask, add 10ml pre reductant make pentavalent The arsenic reduction of 
trivalent arsenic, with (I +19) HC1 to the mark, for the solution to be tested.At the same 
time as the blank.Place lh determination on the machine. 

4.2 standard solution standard solution preparation method in Table 1. 
Table 1 Standard Series Solution Preparation 

Sample 

No. 
1/μg/ml 
Arsenic 

standard 

solution 

0.5/μg/ml
Mercury 

standard 

solution

Reducing 

agent 
Final volume 
(5% 
hydrochloric 

acid, a 

constant 

volume) 

Concentration 
μg / L 

S1 
S2 
S3 
S4 
S5 

0.00 
0.05 
1.00 
2.00 
5.00 

0.00
0.20 
0.40 
0.80 
1.20

10
10 
10 
10 
10

50
50 
50 
50 
50

0.0 
2.0 
4.0 
4.0 
12.0 

  
V. Results and Discussion  



Two soils spiked recovery experiment (the the spiked amount As3.0mg/kg Hg0.4mg/kg), the 
recoveries were 103% to 98.3% (As), 100% and 101% (Hg) (see Table 2 ). 
Table 2 V 2 O 5 was added or not the impact of the test results 

  
Sample 

No. 

  
Handling? 

Spiked 

value 
(Mg / kg) 

Spiked values (mg / kg)
plus scalar As3mg/kg, 
mercury 0.4 mg / kg 

 
Recovery 
(%) 

 

  
Soil 1 
  
Soil 2 
  

  
Without 
V 2 O 5 
Plus V 

2 O 5 
Without 
V 2 O 5 
Plus V 

2 O 5 

A
s 

2.
30 

2.
28 

4.
50 

4.
53 

Hg
0.20 
0.22 
0.05

5 
0.06

0 

As
5.40 
5.36 
7.30 
7.48 

Hg
0.37 
0.62 
0.345 
0.465 

As 
103 
103 
93.3 
98.3 

H
g 

4
2.5 

1
00 

7
2.5 

1
01 

  
Six, methods sources 

Modern scientific instruments 20054 

4.6.17 Atomic Fluorescence Spectrometry Environmental Trace Mercury 

  
First, the method summary 

Atomic fluorescence spectroscopy spectroscopy ten tenth century mid-sixties proposed 

and developed.It has the atomic absorption and atomic emission spectra of the advantages 

of the two techniques, and to overcome the shortcomings of some of its aspects, is an 

excellent technology for trace analysis.Because of its instrument of simple structure, 

high sensitivity, low detection limit, the gas less interference and suitable for multi-

element quickly analyze the advantages in environmental water detection in a wide range 

of applications.Environmental monitoring of mercury in the city drinking water, 

groundwater, surface water, industrial wastewater is always checked.Of wastewater 

discharge standards provisions mercury can not exceed the quality of 0.05mg / L, and our 
drinking water standards require to mercury quality may not to exceed 0.00lmg / L.The 
current environmental analysis of mercury in water Bisthiourea spectrophotometry, cold 

vapor atomic absorption method.These lower sensitivity recovery and analytical precision 

and accuracy are difficult to protect.In this paper, by using hydride generation atomic 

fluorescence spectrometry determination of optimal experimental conditions of the 

environment of trace mercury analysis of high accuracy, good reproducibility, low 

detection limit, wide linear range for Environmental Trace Mercury analysis of the 

determination of the effect is satisfactory. 
Second, reagents 

Mercury standard stock solution: 10.00mg / L (China National Environmental Monitoring 
Center); 

Mercury standard solution: Pipette accurately 10.00mL mercury standard stock solution 
in 200 ml of volumetric flask, and diluted to the mark with 5% hydrochloric acid, the 
concentration of this solution to 500ug / L; 



Hydrochloric acid, chloroform, potassium hydroxide, boron hydride and potassium are 

excellent pure (Tianjin Kermel); 
High purity argon (Daqing Xuelong Group), experiments in doubly distilled water. 

Third, the test conditions 
See mercury standard analytical conditions 

4, experimental methods 
The 4.1 sample pretreatment environment of mercury in water with different forms 

during the instrument before measurement should be of various forms of mercury 

preprocessing to ensure that the Hg 2 + Form into the solution was measured.Water samples 
KMn0 4-K 2 S 2 O 8 or KBrO 3 a KBr digestion Digestion, then added hydroxylamine 
hydrochloride to restore the remaining oxidant after adding the hydroxylamine 

hydrochloride Samples subjected to ultrasonic oscillation, removing generating Cl 2 
Quenching of fluorescence excited state mercury low results; Cl 2 on the other hand 
Bringing in will pollute the entire the reaction gas line.For the environmental 

wastewater containing oil, the use of chloroform extraction to remove.The turbidity of 

the samples using the centrifuge separation, the supernatant was filtered with a 0.45 μm 
microporous membranes. 

4.2, respectively, accurate removal of mercury standard solution (500ug / L) 0.00, 0.10, 
0.20, 0.50, 1.00, 2.00, 4.00, 
6.00, 8.00, 10.00mL in a 50-mL volumetric flask, with 5% hydrochloric acid solution, set 
the volume to the mark, are mixed, the preparation of 0.0, 1.0, 2.0, 5.0, 10.0, 20.0, 
40.0, 60.0, 80.0, 100.0ug / L mercury standard solution series.According to the approximate 
concentration range of the measured sample, to select the appropriate standard curve 

series for analysis. 
V. Results and Discussion  

This method, measured six actual environmental effluent samples Each sample was 

measured five times, the average mercury analysis results and the relative standard 

deviation RSD shown in Table 1.Average relative standard deviation (RSD) of 0.63% to 1.22%, 
the standard addition method for the determination of mercury in environmental water 

samples recovery of 97.01% to 103.42%. 
Table 1 environmental mercury content in water analysis 

Sample Measurement results (ug / L) Average RSD 
# 1 30.12 31.36 31.09 30.93 30.62 30.82 1.54 
# 2 21.39 21.39 21.53 22.04 21.41 21.55 1.29 
3#  53.08 53.33 53.04 53.29 52.93 53.13 0.32 
# 4 6.96 6.92 6.81 6.92 6.78 6.82 1.15 
# 5 19.03 19.25 19.09 19.21 19.16 19.15 0.46 
# 6 33.44 33.61 33.52 33.84 33.35 33.55 0.56 

Six, methods sources 
Oil and Gas Field Surface Engineering, 26, 2 (2007.2) 

4.6.18 atomic fluorescence spectrometry determination Ganoderma mercury 

  
First, the method summary 



Atomic fluorescence spectrometry for the analysis of the field in 1964.Mercury atomic 
fluorescence spectrometry and atomic absorption spectrometry.Related to the use of high 

sensitivity atomic fluorescence spectroscopy of food, medicine and other mercury in the 

sample were determined, and obtained good results.This article selected a suitable 

instrument conditions, compare the different digestion methods for determination of the 

results measured the mercury content in Ganoderma standard reference material 

verification results consistent with the experimental values. 
Second, reagents 

Mercury standard solution 0.1mg/mL (the environmental detection terminus): Pipette the 
0.10mg/mL mercury standard solution of 0.50 mL placed in 100mL flask, a constant volume of 
nitric acid solution (1 +19), concentration 5.00ug / mL; removal of the mercury solution 
1.00mL. Placed in a 100mL flask, with nitric acid solution constant volume concentration 
5.0ng/mL, this solution for the mercury standard operating liquid; 

The solution of tin dichloride (1 +9): Weigh the 10.00g Chloride tin in a small beaker 
was added concentrated HCI 10mL. Dissolved by heating, and then join (1 +1) H 2 SO 4 0.5mL, 
with deionized water and a constant volume in 100mI volumetric flask; 

Standard reference materials peach leaf (GBW 08501), Ganoderma lucidum (Henan Medical 
device companies); 

In excellent pure reagents, the water is deionized water. 
Third, the test conditions 

See mercury standard analytical conditions 
4, experimental methods  

Sample pre-treatment samples in an oven at 8 0 ° C for baking 7h more finely.Was 
accurately taken 0.5g sample (or standard reference material) in an Erlenmeyer flask, with a 
small amount of water after wetting 20mL concentrated nitric acid, mix, cover the surface 
of the dish overnight, the next day dropping 6mL hydrogen peroxide is placed electric hot 
plate heating temperature control, the middle of 2 - 3 times a small amount of addition of 
nitric acid and peroxide hydrogen mixture until the sample digestion to yellowish 

transparent, remove the coolish rush acid, transferred to a 50-mL volumetric flask 
constant volume under test, blank the same operation. 
V. Results and Discussion  

5.1 calibration standard reference material 
Calibration curve was drawn under the same conditions, according to the steps of the 

processing and analysis of the above sample fluorescence value Determination of bungeanus 

sample solution the investigation by curve peach leaf mercury content results bungeanus 

of (GBW 08501) match the recommended values to the mercury standard solution . 
5.2 recoveries were 
Listed in Table 1 was added in the form of a solution of mercury dichloride and the 

determination of 5 mL of solution most mercury recovery experimental results, the recovery 
was 89.2% - 106.3% of the Q. 

Table 1 mercury recovery test 
Determination 

of the number 

of times 

Add Cover 
(ng) 

Measured 

amount (ng) 
Recovery 

(%) 
Relative 

error (%) 
 

1 
2 
1 

2.5 
  
5.0 

2.45
2.32 
5.34

98.4
89.2 
104.8

-2.0 
7.2 
6.8 



2 
1 
2 
1 
2 

  
7.5 
  
10.0 

  

5.12
7.74 
7.5 
10.6 
9.60

102.4
103.2 
100.0 
106.3 
96.0

+2.4 
3.2 
0.0 
6.0 
-4.0 

  
Six, methods sources 

Spectroscopy Laboratory 23 2 March 2006 

Lead (Pb) 

5.1 Physical parameters 

Atomic weight:                                 207.200 
Ionization energy:                                 7.42 eV 
Hydride dissociation energy:                         3.9 eV 
LEVEL (eV) Wavelength (nm) 
217.00 0.000 - 5.712 
261.37 0.969 - 5.712 
261.42 0.969 - 5.711 
280.20 1.320 - 5.744 
282.32 1.320 - 5.711 
283.31 0.000 - 4.375 
287.33 1.320 - 5.612 

5.2 standard stock solution 

(1) standard stock solution (1mg/ml):               Accurately weighed 1.5985g of Pb (NO �) , with ₂

deionized water was added 10 ml of HNO � was dissolved and diluted to 1000ml; or accurately 
weighed purity lead 1.000 g, dissolved in deionized water with the addition of 10 ml of HNO � 
and diluted to 1000ml. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
(4) of lead standard series configuration, excellent pure hydrochloric acid, deionized 

water (resistivity ≥ 10M ohms) 
(5) the standard curve (for example) 
  
  

Item 

No. 
Join the lead concentration of 

a stock solution (0.1mg / L) ml 
Fixed 

volume 
Solution 

concentration 



Medium for a 1.0% hydrochloric 

acid 
(Ml) (ug / L) 

Std0 0 100 0
Std1 1 100 1
Std2 2 100 2
Std3 4 100 4
Std4 8 100 8
Std5 10 100 10
Single standard automatic grading curve

Std5 10 100 10
  
Notes: 

1,     Determination of lead acid strict requirements, generally between 1% -2% (V / V) 
2,     Strictly control the PH value of the reaction solution was about 7. 

 

5.3 standard analysis conditions 

Reducing reagent: 1% NaBH 4 (KBH 4) was dissolved 
in 1% NaOH (KOH), was further added 1.5% K 3 Fe 
(CN 6 

Valence:               Divalent 
Standard acidity:                                       0.5-2% (V / V) 

HCl 
Carrier fluid: 1.0% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 5 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 



Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 30 
A (B, C) Road assist lamp current (mA) 30 

5.4 Samples Review 

Geochemical samples: 
The sample was dissolved with aqua regia and transferred to a volumetric flask, 

containing 1.5% (V / V) HCl, 0.4% H 2 C 2 O 4, and 2% of K 3 Fe (CN) 6 solution of constant 
volume.Pipette 2ml solution for detection. 

5.5 Interference and Elimination 

Fe, Cu, Mo will interfere with the detection of the Pb element.Will analyze the sample 
to eliminate the interference caused by the Fe element placed in a reaction medium-H 2 C 2 
O 4, and the K 3 Fe (CN) 6 is used as an oxidizing agent can play the same role for the 
elimination of the interference of Cu element. 
If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 

5.6 Application method compilation 

  

5.6.1 honey the lead atomic fluorescence spectrometry method improvements 

  
First, the method summary 



To improve the method of detecting lead in honey, with an acidic activated carbon 

adsorption separation ferricyanide reagent lead, control the acidity of the digestive pH 
meter.In the best conditions, lead 0.00 a 40.00 ug / L range good linearity (r = 0.999 4); 
method detection limit for 0.21ug / L; relative standard deviation of 4.1% - 5.0%; spiked 
recovery rate of 93.2% to 109.4%.The method is simple, fast, good reproducibility, high 
sensitivity, low detection limit, with satisfactory results. 
Second, reagents 

Lead standard stock solution (1 000 ug / L) National Steel Materials Testing Center, 
Central Iron and Steel Research Institute; 

Acidic activated carbon: granular activated carbon 100 g in 1000 ml beaker, add 10% 
(volume fraction) of hydrochloric acid, 800 ml, boiled for 30 min, cooling the supernatant 
backward, the charcoal tablets quartz double distilled water to pour method wash to the 

filtrate non-ferrous ions, pH 6 ~ 8, activated at 120 ℃ for 4 h after the backup; 
10% potassium ferricyanide solution: take 10 g of potassium ferricyanide in 100 ml 

quartz double distilled water, adding an acidic activated carbon and stirred for 20 min, 2 
g for 6 h filtered, filtrate spare; 

2% potassium borohydride (content 97%): Weigh 10 g of potassium borohydride dissolved 
in a solution of potassium hydroxide (2 g / L), and set the volume to 500 ml, and mix before 
use existing service; 

Boron hydride, potassium hydride, potassium hydroxide, potassium ferricyanide, oxalic 

acid were of analytical grade, hydrochloric acid, nitric acid, perchloric acid, are 

guaranteed reagents, water of quartz double-distilled water, all containers were soaked 

with 10% nitric acid 1 d above. 
The reducing agent is potassium borohydride, 20 g / L; 
The masking agent is hydrochloric acid (1 +1) + acidic activated carbon treatment of 

potassium ferricyanide (100 g / L) + oxalic acid (10 g / L); 
Carrier is hydrochloric acid (1 +19). 

Third, the test conditions 
See the lead standard analytical conditions 

4, experimental methods  
4.1 Preparation of test specimens weighed 2.5 g of honey mixed acid [nitric acid + 

perchloric acid (4 +1)] 10 ml in a 50 ml conical flask, add, shake, put a small funnel in the 
neck of the bottle and soak overnight.The next day a hot plate in a fume hood to digest, 

accompanied by white smoke to digestive colorless, transparent and (as the darker color of 
the digestive process, coolish complement plus a small amount of nitric acid to continue 

digestion), coolish Add 20ml water, continue heating catch acid 1.0 to 2.0 ml to the digestive, 
then add 5 ml of water, After cooling, the pH meter, was added dropwise aqueous ammonia 
solution has a pH 8 to 9, transferred to a 50 ml volumetric flask, and adding hydrochloric 
acid (1 +1) 1.0 ml, solution of oxalic acid (10 g / L) 0.5ml, shake and then potassium 
ferricyanide (100 g / L) 1.00 ml the water accurately diluted to 50 ml, while doing the reagent 
blank. 

4.2 calibration curve produced gradually diluted to 1 000ug / L lead standard stock 
solution 1.0ug / L lead standard intermediate solution, take the middle liquid 0, 0.25, 0.50, 
1.00, 1.50, 2.00 ml in six 50-ml volumetric flask, adding hydrochloric acid (1 +1) 1.0 ml, 
solution of oxalic acid (10 g / L) 0.5 ml, shake, and then adding potassium ferricyanide (100 g 
/ L) 1.00 ml water to volume, dubbed 0.00 5.00, 10.00, 20.00, 30.00, 40.00 ug / L standard 
series of samples with determination on the machine. 



V. Results and Discussion  
Accuracy test of the method in accordance with the sample analysis steps of three 

different samples, spiked recovery test results lead the recovery rate of 93.2% to 109.4% 
(Table 1). 
Table 1 recovery test results 

Sample ID Background 

values 
(Μg / L) 

Standard 

amount of 
(μg / L) 

Measured 

values 
(μg / L) 

Recovery 
(%) 

1 
  
2 
  
3 

0.95 
  
0.77 
  
0.45 

5.00
10.00 
10.00 
5.00 
5.00

5.82
10.27 
10.18 
6.24 
5.43

97.4 
93.2 
94.1 
109.4 
99.6 

  
Ferricyanide influences on the results of analytical grade potassium ferricyanide 

containing a certain amount of lead will cause the blank fluorescence signal detection 

limit of the analytical method impact deviation of the measurement results.Activated 

carbon can be quantitatively adsorb lead, and for the separation and enrichment of trace 

lead analysis (researchers have reported that the activated carbon adsorption 20% solution 
of potassium ferricyanide lead for 4 hours, the fluorescence signal can be decreased by 
72%), and therefore Activated carbon was added 2 g, 10% potassium ferricyanide solution, 
before and after purification ferricyanide blank fluorescence value (IF), the data after 
statistical paired comparison analysis.The results of the difference was statistically 

significant (t = 17.050, P <0.001).The experiments show that: the deleading blank solution 
can greatly improve the detection limit of the method. 

Hydride Atomic Fluorescence Spectrometry interference from transition elements such 

as Cu, Fe, Ni, Co, Cd and Sn 
Sb, As, Te, etc. may be formed on the hydride elements.Determination of lead acid 
requirements narrower range, and therefore can not adjust the acidity or reduce KBH 4 
concentration to reduce interference.With hydrochloric acid (1 +1), an oxalic acid (10 g / L), 
potassium ferricyanide (100 g / L) the system can eliminate the interference.This Act 
selected hydrochloric acid was added (1 +1) 1.0 ml, oxalic acid solution (10 g / L) 0.5 ml, 
potassium ferricyanide (100 g / L) 1.00 ml.This system is by coexisting ions dry minimum 
interference effects and masking system. 
Six, methods sources 

Chinese Journal of Food 2006 18 5 

5.6.2 Flow Injection Hydride Generation Atomic Fluorescence Determination of 

trace lead in marine sediment samples 

  
First, the method summary 

Since the mid-1970s, people have been committed to lead hydride generation atomic 
spectrometry.The hydride can be generated with other elements of different lead alkoxy 

only have a higher incidence of the acidic system of the ferricyanide in the presence of 

an oxidizing agent or a chelating agent is very effective oxidant or chelating systems 



lead alkoxy system, and has been applied to the sample trace amounts of lead hydride 

generation atomic absorption, atomic fluorescence measurement.On the basis of previous 

work, K 3 Fe (CN) 6 an HCl system for the determination of the oxidant flow injection 
hydride generation atomic fluorescence method for the determination of trace lead marine 

sediment samples studied the best conditions for the analysis and the method is applied 

to the analysis of standard materials and real samples obtained satisfactory results. 
Second, reagents 

Lead standard stock solution [GBW (E) 080278] for the production of 1.000 g / L, Shanghai 
Measurement and Testing Technology Research Institute, using progressively diluted to the 

desired concentration; 
KBH 4 to 40 g / L: said 5.0 g of KOH dissolved in 1 000 mL of deionized water, 40.0 g of 

KBH 4 dissolved mix (now with the current distribution); 
K 3 Fe (CN) 6 100 g / L: that 10.0 g of K 3 Fe (CN) 6 was dissolved in 100 mL of deionized water; 
H 2 C 2 O 2 to 10 g / L: Weigh 1.0 g of H 2 C 2 O � dissolved in 100 mL of deionized water; 
HC1 and HNO 3 excellent pure, other reagents were of analytical grade, water is 

deionized water. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 standard curve: Pipette 1 000 μg / L of lead standard solution 0.00, 0.25, 0.50, 1.00, 
2.00, 4.00, 6.00, 8.00 mL placed in a 50 mL volumetric flask, add 2 mL of HC1 of 1.0 mL H 2 C 
2 O 4, and 6 mL of k 3 Fe (CN) 6, then deionized water to a constant volume to the scale, which 

corresponds to the lead concentration of 0.0, 5.0, 10.0, 20.0, 40.0, 80.0, 120, 160μg / L, 
respectively, in the sample measured, the standard curve. 

4.2 Sample analysis: that take about 0.2000g sediment dry sample, placed in a 50 mL 
beaker, and the addition of 5 mL HNO 3 and 1 mL HCl0 4, covered with a watch glass and 

placed overnight, the next day the samples were placed in a hot plate heated of 

nitrification to white smoke to take the best, remove cooled to room temperature, 

filtered and transferred to 50 mL with stopper colorimetric tube, add 2 mL HCl, 1.0 mL of H 
2 C 2 O 4, and 5 mL The K 3 Fe (CN) 6, deionized water to volume, measured with the standard 

series in the selected instrument conditions. 
V. Results and Discussion  

Two standard substances: the marine sediments standard (GBW07314), river sediment 
standard analysis of the experimental methods 
(GBW08301) and an outer control samples by the content of lead, the measured values 
within a given range (Table 1). 
Table 1 standard substance lead analysis results (μg / ml) 

Standard 

material 
Standard 

values 
Measured 

values 
The relative 

standard 

deviation (%) 
GBW07314 
GBW08301 
External 

control sample 

2 3 ± 2
79 ± 12 
29 ± 6 

22.7 ± 1.2

76.2 ± 4.8 
24.8 ± 1.0 

4~6
3.5 
5.2 

  
Eliminate interfering ions, using H 2 C 2 O 4 For masking agents, and K 3 Fe (CN) 6 itself 

also eliminate interference.Under the selected experimental conditions, the amount of ions 



(mg / L) of the following elements: of Zn 2 +, Fe 3 +, Mn 2 +, of Ni 2 +, of Al 3 + (30), Cd 2 + (10), Hg 2 + 

(40), As 3 +, Se 4 +, Ge 4 +, Sn 4 +, Ca 2 +, Mg 2 + (300), K 
+,

 Na + (1 000) did not interfere with 10 μg 
/ L, Determination of lead. 
Six, methods sources 

Oceanography 27, 6 November 2005 

5.6.3 flow injection - hydride generation - atomic fluorescence method for 

the determination of lead in food additives 

  
First, the method summary 

Flow injection hydride generation atomic fluorescence spectrometry determination of 

lead in food additives.High pressure sample by nitric acid digestion plus interference 

inhibitors (100 g / L the potassium thiocyanate -100 g / L oxalic acid) selection of potassium 
dichromate potassium ferricyanide as the oxidant and HCI media analysis solution mixed 
oxidation reaction a lead alkyl and hydride generation atomic fluorescence spectrometry 

determination of lead, and the various analytical conditions were optimized and 

discussed.The linear range of 0 ~ 80ng/ml, a detection limit of 0.35 ug / L, the relative 
standard deviation (RSD) <2.7%.Applied to real samples, spiked recoveries in the range of 
98.0% to 103.0%, the precision of 1.8% to 3.6% achieved satisfactory results. 
Second, reagents 

Lead standard stock solution (1 mg / mL): accurately weighed 0.100 0 g purity lead in the 
50 mL beaker, add 5 mL (1:1 by volume) nitric acid, and heated on a hot plate until 
completely dissolved and steam until nearly dry. Remove the cooling, moved into a 100 mL 
volumetric flask, diluted to the mark, shake, spare. 

Aluminum standard working solution by stepwise dilution of standard stock solution 

derived; 
Sodium borohydride (NaBH 4) solution (40 g / L): said 0.5 g NaBH 4 dissolved in 100 mL 

water, and dissolved by adding 4 g NaBH 4 (day of preparation); 
1.5 g / L potassium dichromate -7 g / L potassium ferricyanide solution: the day of 

preparation; 
100 g / L potassium thiocyanate solution; 100 g / L oxalic acid solution; 
Are excellent pure acid, alkali, and other reagents were of analytical grade 

deionized water test water. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods 

4.1 standard curve 
Pipette 1.0 ug / mL of lead standard working solution 0.00 respectively, 0.25, 0.50, 1.00, 

2.00, 4.00 mL in 50 mL volumetric flask, respectively, added 4 mL of 6 rnoL / L HCl, 100 g / LH 2 C 
2 O 4 2.0 mL and 100 g / L KSCN of 1.0 mL, and then diluted with water to the mark, the 
preparation of lead concentrations of 0.0, 5.0, 10.0, 20.0, 40.0, and 80.0 ug / L standard series 
measured standard curve. 

4.2 Sample Analysis 



Said take 0.500 0 g sample in the high-pressure tank, by adding HNO 3 mL, cover lids, 
placed in the electric oven at 130 ℃ remove the cooling digested for 2 h, with a small 
amount of water to wash the walls, by adding 6 mol / L, of HC1 1.5 mL and the amount of 
water, heated to boiling, remove it.Transferred to a 50 mL volumetric flask after cooling, 
the addition of 100 g / LH 2 C 2 O 4 2.0 mL of 100 g / L KSCN 1.0 mL, and then diluted with water 
to the mark, with the standard operating conditions of the selected best instrument 

series Simultaneous determination. 
V. Results and Discussion 

5.1 method precision and recovery 
Take 10 g / L of lead standard solution of 20 mL, 20 parallel determination process and 

test methods, examine methods of precision, obtaining the relative standard deviation of 
2.7%.Show that the method has a good reproducibility.  

Were taken three different brands of food additives, were added 1.0 2.0ug 2 different 
types of lead standard solution, the recovery rate of the sample was measured according 

to test method, in parallel to the each sample was measured three times, and the results 
are shown in Table 1.Can be seen from Table 1, the sample recoveries between 98.0% to 103%, 
the relative standard deviation of 1.8% to 3.6%. 

Determination and spiked with precision test results of samples in Table 1 (n = 5) 
Sample Samples 

measured 

value / 
μg 

Amount of 
μg 

Measured 

values μg 
Recoveries RSD%  GB Law 

/ μg 

# 1 
# 2 
3#  

0.28 
0.17 
0.19 

1.00 
1.00 
1.00 

2.00
2.00 
2.00 

1.3
1 

1.1
8 

1.0
8

2.2
4 

2.2
3 

2.1
0

103.
0 

101.
0 

99.0

98.0
103.

0 
100.

5 

3.6 
2.1 
1.8 

0.26 
0.15 
0.18 

 

  
5.2 Effect of coexisting ions 

For the elimination of interfering ions, this article using 100g / L of potassium 
thiocyanate - 100g / L oxalic interference inhibitor, select K, Na, Ca, Mg, Cu, Co, Ni, Zn, 
Fe,, A1, Cd, As, 15 kinds of common elements of Sb, Ge, Sn, etc., respectively, according 
the different added in an amount of 10 ug / L of lead standard working fluid under the 
selected experimental conditions were measured.The results showed that the amount of the 

following (mg / L) elements: K + (200), Na + (200), Ca 2 + (100), Mg 2 + (100), Cu 2 + (80), C0 2 + 
(100 ), Ni 2 +, Zn 2 + (80), Fe 3 + , A1 3 + (30), Cd 2 + (10), As 3 + , Sb 2 + , Ge 4 +, Sn 4 + Do not 
interfere with the determination of 10 g / L of lead. 
Six, methods sources 

Analysis and detection of 31 in 2005 (8) (total Section 212) 

5.6.4 flow injection hydride generation atomic fluorescence spectrometry 

determination of Pb 

  
First, the method summary 



Determination of trace lead in environmental soil, graphite furnace atomic absorption 

spectrometry and hydride generation by atomic absorption spectrometry.This flow injection 

hydride generation atomic fluorescence spectrometry determination of lead in soil, the 

method is simple and fast, with satisfactory results. 
Second, reagents 

1.00 g / L lead standard stock solution (National Institute of Standards Substances 
Research Center); 

5.00 mg / L of lead standard solution: the lead standard stock solution by serial 
dilution with 2.0% nitric acid solution made; 

20 g / L potassium borohydride, a 15 g / L potassium ferricyanide a 5 g / L potassium 
hydroxide solution; 

Nitric acid, hydrochloric acid are excellent pure; distilled water deionized 

exchanged. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 sample pretreatment 
Accurately weighed dried learn 10 5 ℃ and 200 mesh sieve soil samples in Teflon high 

pressure tank 0.100 g, add the aqua regia 1.0 mL, while doing the reagent blank.Tighten the 
high pressure lid, placed in the oven at 160 ℃ heating 5 h, cooled to room temperature, 
remove the fume hood in the sample digestion with 2.0% hydrochloric acid solution was 
transferred to a 100 mL volumetric flask, constant volume.The the the DUT lead standard 
series or sample solution with 20 g / L borohydride potassium a 15 g / L potassium 
ferricyanide a 5 g / L potassium hydroxide solution, by the liquidity injection peristaltic 
pump two pipeline is injected into the reaction tube, lead alkyl, reaction with hydrogen 

while producing Loading argon hydrogen flame atomization, which measured the fluorescence 

intensity of the lead atoms. 
4.2 Working curve 
5.00 mg / L lead standard solution with 2.0% hydrochloric acid solution is formulated 

as 0.00 μg / L, 25.00μg/LL, 50.0μg / L, 75.0μg / L, 100 Iμg / L, and and 200μg / L standard series, 
on the machine determination. 
V. Results and Discussion  

The best working conditions, the determination of lead in the three soil samples (n = 
11), RSD <3.5%, the recovery rate was 93.0% and 105%.Determination of the ESS soil standard 
measured value of 33.8 μg / g, and the guaranteed value (33.3 ± 1.3) μg / g range, indicating 
that the method is accurate and reliable.The precision and accuracy of the test results 

are shown in Table 1. 
Table 1 Precision and accuracy of test results (μg / L) 

Soil 

samples 
Measured values Average RSD

% 
Plus 

scalar

Recycling Recovery 

(%) 
 

# 1 
# 2 
3#  

52.6 
65.1 
38.4 

50.7 
63.4 
35.5 

49.6 
66.3 
37.8 

53.1
64.8
37.2

51.5
64.9 
37.2 

3.
4 

2.
1 

3.
0

100
50.0 
30.0 

105
47.3 
27.9 

105 
94.6 
93. 

  



The soil matrix composition is more complex, and the high content of K 
+,

 Na 
+,

 Ca 2 + of 

Mg 2 + SO 2 4, the CI 
-,

 PO 4, etc. Determination of lead have different degrees of 
interference.When the sample solution and 15g / L potassium ferricyanide solution mixed, 
the interfering ions essentially eliminated. 
Six, methods sources 
Environmental Monitoring Management and Technology Section l8 3 June 2006 

5.6.5 flow injection hydride atomic fluorescence spectrometry determination 

of lead in seawater directly 

  
First, the method summary 

Lead is one of the important marine environmental monitoring, lower determination of 

the sensitivity of the common methods of lead in seawater dithizone spectrophotometry and 

flame atomic absorption spectrometry; without flame atomic absorption spectrometry with 

high sensitivity, but the equipment is expensive require high operator, the same time, 

the samples need to use organic reagent extraction enrichment complex process, the 

operation is more burdensome.Hydride generation atomic fluorescence spectrometry due to 

the simple structure of the instrument, the price is cheap, compared to graphite furnace 

atomic absorption at the same time, the method of high sensitivity and low detection 

limit, and the wide range of linearity.Therefore, hydride generation atomic fluorescence 

spectrometry can play a larger role in the analysis of sea water containing lead, has a 

wider wide application prospects.  
Since the mid-1970s, lead by hydride generation atomic fluorescence spectrometry has 

been the close attention of the majority of scientists.Hydride can be generated with 

other elements are different, and a hydride of lead only in the presence of an oxidizing 

agent, have a higher incidence.Will lead hydride generation system, the potassium 

ferricyanide acidic system because of its high incidence of lead hydride and much 

attention to, but because of unstable in potassium ferricyanide acidic analysis solution, 

put some time produce indigo precipitation, affect the incidence of lead hydride.Someone 

uses the improved method, about ferricyanide was added to the alkaline system of 

potassium borohydride, reaction was carried out with the acidic solution of the lead, to 

improve the stability of the potassium ferricyanide, lead hydride occur effect very 

well.On this basis, the use of atomic fluorescence spectrometry hydrogenation reaction 

occurs as the oxidant to potassium ferricyanide alkaline system direct determination of 

lead in seawater to obtain satisfactory results. 
Second, reagents 

Lead standard stock solution (GBw (E) 080 278): 1.000 g / L (Shanghai Measurement and 
Testing Technology Research Institute).Use, serially diluted to the desired concentration; 

KBH 4 (40g / L) K 3 Fe (CN) 6 (15g / L): said 100mI 0.5g KOH dissolved in deionized water, 
and dissolved by adding 4.0g KBH 4 and 15.0 g K 3 Fe (CN) 6 , mix (now with the current 
distribution); 

H 2 C 2 O 4 (10g / L): Weigh 1.0g H 2 C 2 O 4 was dissolved in 100mL of deionized water; 



HNO 3 is a the excellent pure, other reagents were of analytical grade and water was 
deionized water. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 Sample Analysis 
Fiber membrane filtration of seawater samples collected at the scene by 0.45pm, plus 

nitric adjustment to pH <2, the samples can be saved 3 months.Join l mI HNO 3, 1.0mL H 2 C 2 O 
4 50mI with plug colorimetric tube, then use seawater samples set the volume to the mark.A 
sample injection volume for 1.5mI KBH 4 (40g / L) K 3 Fe (CN) 6 injection volume lml, measured 
in the selected instrument conditions. 

4.2 Calibration Curves 
Respectively Pipette 100μg / L lead standard solution 0.00, 1.00, 2.00, 4.00, 5.00, 

10.0MI in a 50mL volumetric flask, were added Lmi HNO 3, 1.0 mL H 2 C � O ,₄  and then with 
deionized water to a constant volume to the mark, the equivalent of a lead concentration 

of 0.0, 2.0, 4.0, 8.0, 10.0, 20.0μg / L, respectively, in the sample measured. 
V. Results and Discussion  

A large amount of seawater samples was measured by the test method described above, 

the portion of the sample of the measurement results are shown in Table 1.Spiked recovery 
test to test the accuracy of the method: adding a certain amount of lead standard 

solution to different seawater samples were measured, measured recovery was 96.5% and 107%. 
Table 1 Sample analysis and recovery rate (n = 11) 

Sample 

No. 
Measured 

values 

(μg / 

L) 

The 

amount 

(μg / 

L) 

Determination 

of the value of 

the total 

amount (μg / 

L) 

Recovery 

(%) 

1 
2 
3 
4 
5 

2.12 
1.56 
0.86 
3.26 
2.34 

2.0

2.0 
2.0 
2.0 
2.0  

4.09

3.60 
2.88 
5.40 
4.27  

98.5 
105 
101 
107 
96.5 

  
Basic alkali metal and alkaline earth metal does not interfere with determination; 

hydride generating elements of the interference may be is because of these elements with 

the lead of the competitive reaction, consume a portion of KBH 4, while these elements 

are the same lead generate the intermetallic compounds decrease the lead hydride material 

of generating; the excessive metal adsorption hydride and formation with the lead 

interfere with the determination of lead in co-precipitation.Among them, copper, iron 

interference most serious.In order to eliminate interference, we use the H 2 C 2 O 4 as a 
masking agent.In the selected test conditions, the following amount (mg / L) of the 
elements: of Zn 2 +, Fe 3 +, Mn 2 +, of Ni 2 +, A1 3 + (30); Cd 2 + (10); of Hg 2 + (40); As 3 +, Se 4 +, Ge 4 +, 
Sn 4 + (2) does not interfere with the determination of 10μg / L of lead.Were very low due to 
the interference of the several seawater element content, so as not to cause a 

significant impact. 
Six, methods sources 
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5.6.6 hydride generation atomic fluorescence spectrometry determination of 

lotus root in lead 

  
First, the method summary 

The lead has a serious impact on human health, it is the determination of lead in 

more and more attention.In recent years, with atomic fluorescence spectrometry 

determination of surface water, human hair, Chinese herbal medicine, tea, cosmetics 

samples of lead has been widely reported, but has not been reported on the determination 

of trace amount of lead in the lotus root.Lotus root is grown in sludge by lead pollution, 

this paper choose lotus root object to be measured using atomic fluorescence spectrometer 

for determination of trace lead.The linear range is of 0 ~~ 30 ug / L, recovery rate of 97.0% 
to 103.6%, the relative standard deviation of ≤ 3.1%, with satisfactory results. 
Second, reagents 

Lead standard stock solution: 1.0 mg / mL, prepared by conventional methods using water 
standard stock solution by serial dilution; mixing acid: nitric acid + perchloric 
acid (4 +1); 
Sodium borohydride solution; L5 g / L; potassium ferricyanide solution: 100 g / L; oxalic 
acid solution: 20 g / L; 
The reagents are divided into pure water was deionized water. 

Third, the test conditions 
See the lead standard analytical conditions 

4, experimental methods  
4.1 Sample Handling 
Wash the fresh lotus root, chopped, dried, and then crush, known as lotus root starch 

samples taken pestle 3.00 g in 150 mL beaker, add 10mL nitric acid + perchloric acid (4 +1) 
mixed acid, shake, soak , covered the surface of the dish and left overnight.The next day 

with a water bath heated digestion, if necessary, additional 5 mL of mixed acid expelled 
HNO 3, plus three times HCI (6 mol / L), when the solution is evaporated to dry just remove 
the cooled, rinse the inside of the beaker with a small amount of water added HCl (6 mol / 
L), dissolved in a little hot, sample digestion solution was transferred to a 50 mI 
volumetric flask, add oxalic acid solution of 5.0 mL, shake, plus 100 g / L of potassium 
ferricyanide solution 5.0 mL, diluted with water to the mark. 

4.2 linear range 
The preparation of a series of a standard solution of lead, and its fluorescence 

intensity is measured under the best working conditions selected.The experiments show 

that the lead content in the range of 0 ~ 50 μg / L, a linear relationship between the 
fluorescence intensity. 
V. Results and Discussion  

The three lotus root samples processed sample processing steps, and press the 

Experimental Determination of Lead, analysis of the results are shown in Table 1. 
Table 1 Analytical results of samples (n = 5)  

Sample Measured Added in The total Recovery 



No. values 

(ng / 

mL) 

an 

amount 

(ng / 

mL) 

measured value 

(ng / mL) 
(%)

1 
2 
3 

16.00 
19.14 
15.72 

20.00

20.00 
20.00 

35.40

39.86 
36.10 

97. 
103.6 
101.9 

  
Six, methods sources 

Analytical Science Volume 22, 2 April 2006 

5.6.7 hydride generation atomic fluorescence method for the determination of 

lead content in seaweed 

  
First, the method summary 

Nutritious seaweed, superior quality goods for the prevention of stroke.Waters of 

aquatic plants and animals more and more from industrial wastewater, sewage and 

aquaculture water pollution, pollutants often enriched through the food chain of aquatic 

animals and plants, thus affecting the aquatic food safety.In order to ensure the aquatic 

food security and quality, all countries in the world attaches great importance to the 

research on the detection of toxic substances in the aquatic flora and fauna 

technology.Seafood high in heavy metal content, is one of the important sources of human 

intake of heavy metals.Lead is a harmful heavy metal elements, many studies have shown 

that the impact of lead on health has become quite prominent social issues.Therefore, 

research seaweed in the determination of lead have practical significance.  
Lead is often used spectrophotometry, measured by atomic absorption 

spectrophotometry.Hydride generation atomic fluorescence spectrometry for determination 

of trace lead has a low detection limit, high precision, accuracy and convenient 

features.This study selected commercially available seaweed as the research object, the 

application of HG - AFS Determination of lead content in the seaweed, seaweed samples 
lead with HNO 3 and HCIO 4 Extraction, K 3 Fe (CN) 6 + H 2 C 2 O 4 oxidation masking direct 
determination of sample recovery rate of 96.0% to 101.5%, the detection limit of the 
method was 0.68 μg / L, RSD 3.0%. 
Second, reagents 

Lead standard stock solution (1 g / L): said to take the high-purity metal lead (99.99%) 
1.0000 g, heating dissolved with 40 mL of 1:1 nitric acid, dissolved completely after the 
removal of nitrogen oxides by boiling with ultrapure water to 1 L, shake; 

Lead standard solution (1 mg / L): 1 mL of the lead standard stock solution of 1000 mL 
volumetric flask, add 10 mL 20% hydrochloric acid, dilute to the mark with ultrapure 
water; 

10% potassium ferricyanide: Weigh 10 g of potassium ferricyanide in 100 mL of ultrapure 
water, dissolve, and mix; 

2% oxalic acid: 2 g of oxalic acid dissolved in 100 mL of ultrapure water and mix; 



2% KBH 4: Weigh 4 g KBH 4 was dissolved in 0.5% KOH solution, ultrapure water was 
diluted to 200 mL (now with 
Current); 

Reagents were of analytical grade, are ultra-pure water preparation of standard 

solution with water, seaweed: commercially available. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 Sample Handling 
Accurately weigh the right amount of take dried seaweed, soaked overnight with 10 mL 

of concentrated nitric acid, and then adding 2 mI perchloric acid digestion on a hot plate 
temperature control, adding 2 mI nitric acid divisible continue in addition to the acid to 
the solution transparent clarify ; digestion good solution transferred to a 25 mi flask, 
to which were added 2.5 mi of 20% hydrochloric acid, 3 mi 10% potassium ferricyanide and 1.5 
mi 2% oxalic acid, diluted with ultrapure water to the mark. 

4.2 standard curve 
Were taken to 1 mg / L of lead standard solution of 0, 0.5, 1.0, 2.0, 5.0 of mI, 

preparation and determination of the experimental method, based on the relationship 

between fluorescence intensity and the concentration of the standard curve.The results 

show that the lead content in the 0 ~ 200μg / L, and the fluorescence intensity and the 
concentration of a good linear relationship. 
V. Results and Discussion  

Determination of Recovery: said take appropriate sample, adding a certain amount of 

lead standard solution, initially the sample processing method for processing, and then 

measured by experimental methods, experimental results are shown in Table 1. 
Table 1 laver lead analysis 

Sample Content 
μ g / g 

RSD

  
Sample 

volume 
/ Μ g 

Dosage 

/ μ g 
Recycling 

/ μ g 
Recoveries 
/% 

Seaweed 
Roasted 

seaweed 

0.284 
0.297 

2.8

3. 
1.14

1.19 
1

1 
2.05

2.22 
96.0 
101.5 

  
  

Only the tetravalent lead in order to produce a gaseous hydride, so the determination 

of when a certain amount of the oxidizing agent, as well as to eliminate the interference 

of coexisting ions, need a certain amount of the masking agent can be accurately 

determined.In this study, 3 mL 10% potassium ferricyanide as the oxidant, and 1.5 mL of 2% 
oxalic acid for masking agent system experiment investigated common coexisting ions such 

as Ca 2 +, Mg, 2 +, Cu 2 +, and in this system, Fe 3 +, Mn 2 +, Cd 2 +, As 3 +, Hg 2 + And so the 
determination of Pb 2 + interference.The results show that: the 5000-fold Ca 2 +, Mg 2 +, 200 
times of Fe 3 +, of Mn 2 +, 10 times Cd 2 +, As, 3 +, Hg 2 + And 1 times the Cu 2 + 10 μg / L Pb 2 + of 
the determination of non-interference.Therefore, the determination of the system's 

sensitive atomic fluorescence coexisting elements in the sample do not interfere with 

lead. 
Six, methods sources 
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5.6.8 Hydride Generation Atomic Fluorescence Spectrometry lead in tea 

  
First, the method summary 

Lead is an element of harm to human health, to enter the body through contaminated 

food.Determination of lead in food commonly used graphite furnace atomic absorption 

spectrometry, flame atomic absorption spectrometry, dithizone colorimetry.In recent years 

with the development of the atomic fluorescence technique using hydride generation atomic 

fluorescence method Determination of lead in food also gradually being seriously.Elements 

are different, can be generated with other hydride lead alkoxy only under the existing 

conditions in the oxidizing agent or a chelating agent to have a higher incidence of 

efficiency.The potassium ferricyanide acidic system is the many oxidizing agent (or 
chelating agent) system very effective lead alkyl generation system, and trace lead by 
hydride atomic fluorescence spectrometry has been used in the sample, in view of the 

actual analysis work by ferricyanide The acidic solution was analyzed, poor stability, 

and easy to form a precipitate pollution labware.Best acid paper directly in the alkaline 

solution of boron potassium cyanide, potassium ferricyanide, and then the solution was 

mixed with a certain acidity analysis to a hydrogenation reaction to produce lead alkoxy, 

and studied the reaction medium, the top acidity, ferricyanide impact of concentration 

and oxalic acid concentration of lead alkyl determine the optimum conditions for the 

determination of lead in tea, and the relative standard deviation of 0.68%, and the 
recovery of 104% for the standard sample (GBWO8505) was measured, the results are in 
agreement with the standard values consistent , the method used for the determination of 

actual samples, compared with graphite furnace atomic absorption spectrometry, with 

satisfactory results. 
Second, reagents 

Lead standard stock solution (1000mg / L): prepared by the spectrum of pure lead powder; 
Lead standard working solution (1.0mg / L): 1000mg / L of lead stock solution 

progressively diluted to 1.0mg / L; 
1.5% solution of hydrochloric acid, nitric acid, perchloric acid (GR); 
KBH 4, KOH, K 3 Fe (CN) 6 (the AR); 
In this study, water for ultrapure water, impedance greater than 15MQ; 
Experimental containers selected Class A glassware before use (1 +4) nitrate solution 

Baptist 24h, spare rinse with ultrapure water. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 Calibration curve drawing 
Pipette 1.0mg / L lead standard working solution 0.5, 1.0, 2.0, 4.0, 5.0 mL l00mI 

volumetric flask with 1.5% hydrochloric acid constant volume to the scale to 1.% 
Hydrochloric acid solution for the carrier, in 2% KBH 4, 0.2% KOH, 0.8% K 3 Fe (CN) 6 
Conditions, atomic fluorescence photometer instrument parameters selected in the 

fluorescence intensity was measured as abscissa and fluorescence intensity as the 

vertical coordinate a calibration curve the concentration of the calibration curve. 



4.2 Sample Handling 
To take 1g about tea samples Add 10mI nitrate soaked overnight, adding perchloric acid 

on a hot plate 2.5mI digestion to the solution is clear, until perchloric acid is to take 
a strong white smoke and samples was wet salt state, let cool, add a little water, 

evaporated to dryness, in time to make perchloric acid with 1.5% hydrochloric acid under 
test volume to 50mL.The measuring method is the same as the 4.1 Calibration curve drawing. 
V. Results and Discussion  

Determination of standard sample of 5.1 
Tea standard samples as a sample, by adding 1 g of lead standard, do recovery 

experiments were measured according to the above selected conditions, and results are 

shown in Table 1.By the tea standard material measurement results can be seen that this 
method has better accuracy. 

Table 1 tea standard substances test results 
Sample 

ID 
Recommended 

standard 

value (mg / 
kg) 

Uncertainty Results 

1 (mg / 
kg) 

Result 

2 (mg / 
kg) 

Spiked 

1 (mg / 
kg)   

Spiked 

2 (mg / 
kg) 

Recovery 

(%)  

  
GBW08505 
  

  
1.06 

  
0.10 

 

1.15 
 

1.05

 

2.18

  
2.10 

  
104 

  
Six, methods sources 
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5.6.9 hydride generation - atomic fluorescence spectrometry determination of 

trace amounts of lead in cosmetics 

  
First, the method summary 

Lead (Pb) is an accumulation of harmful elements, Main detection items are classified 
as cosmetics health inspection its content very strictly limited.Determination of 
Lead.Dithizone colorimetry is complex and influenced by many factors, low sensitivity; 

flame atomic absorption spectrometry sensitivity reach health standards and poor 

reproducibility; sensitive high graphite furnace atomic absorption spectrometry but the 

complex matrix samples measured background interference, the impact to the accuracy of 

the results; hydride generation atomic fluorescence method has a high sensitivity, low 

detection limit, matrix interference, wide linear range advantages received increasing 

attention in the lead-detection method.At present, the use of the method for the 

determination of lead in cosmetics are hydrochloric or sulfuric acid reaction medium.But 

we found that in the test, hydrochloric acid or sulfuric acid as medium, despite its high 

sensitivity, but the best acidity range is very narrow, so that the accuracy of the 

measurement result, affect the stability; perchlorate as medium The sensitivity is low, 

but in the concentration range of 2% to 3% the a relative acidity platform, so that a 
significant improvement in the precision of the measurement, to better meet the 

requirements of the analysis of samples.The method detection limit of 0.5 μg / L, the linear 



range was 1.00 ~ 400μg / L, and the recovery rate of 88.7% to 96.5%.Standard substance in 
control, the measured values are within a predetermined standard value range.The method 

is simple, good precision and accuracy, wide linear range, low detection limit, has a 

practical application. 
Second, reagents 

Lead standard stock solution (1.00 g / L), provided by the National Research towel heart; 
Lead standard solution (1.00 mg / L), the lead standard stock solution diluted; 
Concentrated nitric acid, excellent pure; perchloric acid, excellent pure; other 

reagents were of analytical grade; 
The water was doubly distilled water. 

Third, the test conditions 
See the lead standard analytical conditions 

4, experimental methods 
4.1 Sample pretreatment 
Weighed sample of about 5 g l5 mL of concentrated nitric acid in the digestive tract, 

overnight.Digestion furnace slowly warming up to 150 ~ 18 0 ℃ digested to near dryness, 

then add 10 mL of concentrated nitric acid digestion to near dryness; Add 5 mL perchloric 
acid, the temperature was raised to 200 ° C, digested to colorless, and evaporated to 

dryness at 220 ~ 250 ℃, then add about 10mL water and evaporated to dryness.Remove the 
digestive tract, to be cool slightly, accurate 5 mL 50% perchloric acid and add water to 
approximately 70 mI heated to dissolve the residue, cooled to room temperature, followed 
by addition of 1% oxalic acid mI, a l0% Potassium Ferricyanide 4 mL ( measurement (each 
reagent mixing), set the volume to 100 mL, for 30 min at room temperature is low, slower 
reaction, may be appropriate to increase placed when asked).At the same time to do the 
reagent blank.  

4.2 standard curve 
Turn Imbibe lead standard solution 0.50, 1.00, 1.50, 2.00, 2.50 mL in 50 mL volumetric 

flask, were added to 50% perchloric acid 2.5 mL l% oxalic acid 1 mL of 10% potassium 
ferricyanide 2 mL (per adding a reagent mix), to volume placed determined after 30 
min.Preparation of the reagent blank. 
V. Results and Discussion  

Were done with standard substance lead a cream cosmetics (GBW090028) and the standard 
substance 2 powder cosmetics lead (GBW090027) 6 parallel determinations for authentication, 
the measured values are within the standard value given (see Table 1), the relative 
standard deviation of 1.55% and 1.76%, respectively.The results show that the method the 
relative standard deviation is less than 2%, with good precision and accuracy, and can 
meet the requirements of instrumental analysis. 

Table 2 The determination result of the standard samples 
Standard 

material 
Standar 

value (mg / 
kg) 

The measured value (mg / 
kg) 

Mean
(mg / 
kg) 

SD RSD 

(%) 

GBW090028 
  
GBW090027 

31.0 
  
16.1 

30.2

29.8 
16.2 
15.6 

30.6

30.9 
15.8 
15.9 

29.7

30.5 
16.0 
16.1 

30.3

  
15.9 

0.4

7 
  
0.2

8 

1.5

5 
  
1.7

6 
  



Different acid media lead hydride generation have a greater impact.Literature 

recommended to use hydrochloric acid or sulfuric acid medium, nitric, perchloric medium 

sensitivity is lower.However, the study found that, although hydrochloric acid, sulfuric 

acid as medium, the measurement results of high sensitivity, but its optimum pH range is 

very narrow, this will determine the stability and accuracy of the results 

adversely.Perchlorate medium and found that the fluorescence intensity of a relative 

acidity platform, its acidity with 2% to 3%, so that significant improvement in the 
precision of measurement, but the fluorescence intensity is reduced to the hydrochloric 

acid as medium. one half, for the detection limit of the method to the case of 0.5 μg / L is 
acceptable.Therefore, the selection using 2.5% of perchloric acid as the acid reaction 
medium. 
Six, methods sources 

Analytical Science Volume 22, 3 June 2006 

5.6.10 hydride generation atomic fluorescence spectrometry determination of 

lead in food 

  
First, the method summary 

Objective To investigate the hydride generation atomic fluorescence spectrometry 
determination of lead in foods.Method Wet digestion method for food samples before 
processing, lead by hydride generation atomic fluorescence spectrometry detection in 

food.The results of the determination of lead in the linear range of 0 ~ 400 ng / mL, the 
relative standard deviation was 2.32%, the recovery rate of 94.0% and 106.0%.Conclusion 
This method is accurate, interfering substances less light pollution to the environment, 

to obtain satisfactory results for the detection of lead in food. 
Second, reagents 

Boron hydride, potassium hydride, potassium hydroxide, sodium hydroxide; 
Nitric acid, perchloric acid, oxalic acid, hydrochloric acid, 
Potassium ferricyanide (above reagents were of analytical grade); 
Of lead standard solution, 1.000 mg / L. 
 

Third, the test conditions 
See the lead standard analytical conditions 

4, experimental methods  
4.1 sample pretreatment 
Uniform sample of 0.5 ~ 1.0 g weighed into a digestion tube, and the addition of 

concentrated nitric acid, 8.0 ml, and allowed to stand overnight and the next day heated 
digestion, first with at 100 ℃ digestion h.Cool by adding perchloric acid 0.5 mL 18 0 ℃ 
digestion.Sample zoom or sample color brown-black, the additional amount of nitric acid 

digestion.Digestion until the solution clarified or with a slightly green, and white 

smoke.Cool, add 2 ml of distilled water, digestion to take a large number of white smoke, 
let cool, with the (1 +1) sodium hydroxide solution was adjusted to pH = 7 spare.At the same 
time to do the reagent blank. 

4.2 standard curve and the sample solution prepared 



Learn from 1.000 mg / L standard use liquid 0, 0.25, 0.50, 1.00, 2.00 mL and the amount 
of samples digestive juice were placed 25.0 colorimetric tube, the addition of 20% 

hydrochloric acid solution of 2.5 ml, 10% K 3 Fe (CN) 6 +2% oxalic acid mixture 5.0 ml to 
volume.The standard series lead content 0, 10.0, 20.0, 40.0, 80.0 ng / ml. 

4.3 Determination 
The injection of the standard solution, like liquid potassium borohydride reduction 

system potassium hydroxide reaction of hydride generator Pb, argon as a carrier gas to 
give as gifts atomizer, carrier 2% hydrochloric acid + 2% potassium ferricyanide +0.4% 

oxalic acid mixture, using atomic fluorescence spectrometer fluorescence intensity of the 

standard curve. 
V. Results and Discussion  

In the present experimental conditions were measured the standard substance peach 

leaf (GBW08501) and several food samples spiked recovery value the peach leaf of the 
determination of the mean (n = 6) of 0.95 mg / kg, the standard value (0.99 ± 0.08) mg / kg.Food 
samples spiked the recycling test results are shown in Table 1. 

Table 1 foods spiked recovery experience (n = 6) 
  
Sample Name 

Background 

values (mg / 
kg) 

Plus the 

scalar mg / 
kg) 

The 

measured 

value 
(mg / kg)

Recovery 

(%) 

Ganoderma Capsule 
Baby cereal 
Protein oral 

liquid solution 
Vitamin tablets 
The paste granules 
Ginseng Lozenges 

1.35

0.17 
0.32 
0.24 
0.50 
0.38 

0.50

0.50 
0.50 
0.50 
0.50 
0.50 

1.88

0.65 
0.79 
0.75 
0.98 
0.89 

106.0 
96.0 
94.0 
102.0 
96.0 
102.0 

In the digestion of samples with high fat content, the digestion process in the rest 

of the the digestion solution not too little, because the rest of perchloric acid and fat, 

this may get angry or explosion phenomenon, as long as add more nitric acid digestion 
completely , it will not appear above.Digestion temperature can not be too high, 

otherwise lead to lose less than 25 0 ℃ temperature control, digestion solution may 
eventually turn green, that thermal decomposition of perchloric phenomenon, let cool 

color will gradually fade.Potassium ferricyanide must now service is used, otherwise it 

will be light and reducing agent potassium ferrocyanide gradual decomposition of aqueous 

solution in the storage process.Lead hydride generation conditions of acidity 

requirements are too stringent, paying particular attention to operate strictly in 

accordance with the pre-treatment method proposed in this study, if you want to change 

the operation, please observe the following principles: maintain the reaction pH value of 
the liquid waste in about 8 to 9 digestion solution for atomic absorption spectrometry 
other metal elements in food. 
Six, methods sources 

Journal of Preventive Medicine Volume 3l l2 months 6 2005 



5.6.11 mercaptodextran gel separation and enrichment extraction and hydride 

generation atomic fluorescence spectrometry determination of arsenic, lead in 

hair dye 

First, the method summary 
Establishment of arsenic in hair dye, the lead in a hydrochloric acid medium, hydride 

generation atomic fluorescence spectrometry method.Using HNO 3 A H 2 O 2 Digestion, the 
thio-dextran gel separation enrichment Pb 2 +, 2.0 moL / L HCI eluted in the sample solution, 
a double - (α - ethyl hexyl) twelve phosphorothioate capric alkoxy solution was extracted As, 

and then with NH 4 OH and (NH 4) 2 SO 4 Back extraction, acid medium, in the presence of 
thiourea and potassium iodide, oxalic acid and potassium ferricyanide, hydride generation 

atomic fluorescence spectrometry determination of its content.Results: The detection 

limit of the method is 0.40, 0.35μg / L; linear range of 0 - 100μg / L 0 - 80μg / L; recoveries 
were 96.0% - 105.0%.This Act because of the separation of interfering substances, and 
therefore have a high sensitivity, accurate and reliable results advantage, applied to 

the detection of the sample and with other methods compared with satisfactory results. 
Second, reagents 

Arsenic standard stock solution: 1.000 g / L, prepared by a conventional method, when 
used according to need to serially diluted to the desired concentration; 

Lead standard stock solution: 1.000 g / L, prepared by a conventional method, when used 
according to need to serially diluted to the desired concentration; 

Oxalic acid solution: l00 g / L; potassium ferricyanide solution: 100 g / L; nitric 
(superior grade pure); 

Thiourea: 50 g / L; potassium iodide: 5 g / L; solution of potassium borohydride (KBH 4): 5 
g / I (2 g / L KOH media) now with temporary use; 

0.5 moL / L double - (α - ethyl hexyl) twelve phosphorothioate decane solution; 
NH 4 OH: 25 g / L; ammonium sulfate: 0.5 mol / L. 
Sulfhydryl dextran gel (SDG) Preparation: Erlenmeyer flask with stopper, thioglycolic 

acid l0ml and the tetrahydrofuran 10 ml.1 drop of sulfuric acid was added after mixing, and 
then mixing the the Add dextran 10 g, placed in a constant temperature of 40 ℃ 2 circadian 
until the filtrate was neutral and then washed with deionized water, suction filtered and 

placed in the oven at 3 5 ° C Drying spare. 
Adsorption column installation: Take about 150 mm, the inner diameter of 8 mm glass 

tube, one end of the pull into 2 mm tip, pointed plug - a small piece of cotton wool, 
swollen SDG 0.1 g wet in a column The tube connected to the lower end of the separatory 
funnel with latex bubbles blown out off funnel piston standby. 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 standard curve 
Take arsenic standard stock solution was diluted to 0.0, 5.0, 10.0, 20.0, 40.0, 60.0, 

80.0, 100.0 μg / L standard solution series, establishing a standard curve selected working 
conditions; accurate removal of arsenic standard solution in colorimetric tubes 



Hydrochloric acid was added to adjust the acidity, 10 g / L thiourea 5ml, 5 g / L potassium 
iodide 5 mI, shake, set the volume.Place 15 min.With 1 mol / L HC1 solution as a carrier 
stream, introduced by the injection device, and then the solution was mixed with 5 g / L of 
potassium borohydride (KBH 4), a hydride generated by an argon gas loaded in a quartz 
furnace by atomic fluorescence spectrometry measured. 

Take the lead standard stock solution was diluted to 0.0, 5.0, 10.0, 20.0, 40.0, 60.0, 
80.0 μg / L standard solution series, establishing a standard curve selected working 
conditions; accurate removal of lead standard solution in colorimetric tubes, added HC1 
adjust the acidity, and adding oxalic acid solution 2 ml potassium ferricyanide solution 2 
ml, shake, constant volume.Allowed to stand for 15 min, to 1 mol / L HC1 solution as carrier, 
imported by injector means, and then the solution was mixed with 5g / L of potassium 
borohydride (KBH 4), a hydride generated by an argon gas loaded into the quartz furnace to 
atomic fluorescence spectrometry determination. 

4.2 Sample Analysis 
Weigh 0.5 g (accurate to 0.O 001 g) samples in Teflon digestion tank, add 5 ml HNO 3, 5 ml 

H 2 O 2, cover sealing cap, the digestion tank to release the microwave digestion system, 

set the optimum analysis conditions for sample digestion To complete digestion, after 

cooling, deionized water is transferred to 25 Inl flask, constant volume with water, mix, 
using the same steps of the blank test.A certain volume of sample solution, to adjust the 

acidity of the solution is 0.5 moL / L double - (α - ethyl hexyl) twelve phosphorothioate 
extraction decane solution under acidic conditions, and shaken for 2 min, to be divided pH 
4, 100 g / L sodium sulfite l0 mI with peers layer was discarded and the water phase, the 
organic phase was washed with 6 mol / L HC1 washed, and then an equal volume of NH 4 OH and 
the aqueous ammonium sulfate together with the organic phase oscillation 2 min.Anti 
extract into a colorimetric tube measured 4.1 method.Another volume of the sample solution 
is added to 45 ml of 0.1 mol / L NaAc and 5 ml of 20 g / L ascorbic acid, the withered section 
effluent pH 3.5, through the adsorption column outflow rate of 5 ml / min to 2.0 mol / I HCI The 
eluent is collected in the determination of the content of colorimetric tube, 4.1-
experimental methods. 
V. Results and Discussion  

The method by experimental determination of arsenic, lead content in the different 

samples and recovery test, results are shown in Table 1.Recoveries between 96.0% and 105.0% 

of the standard deviation of between 1.6% to 4.6%.GB law into the set, and match results.  
Table 1 Sample analysis results (n = 6, microg / g) 

Sample   Measured 

values 
RSD 

(%) 
The 

amount 
Spiked 

value 
Recoveries Other 

methods 
Sample 

1 
  
  
  
Sample 

2 
  
  
  

As 
  
Pb 
  
As 
  
Pb 
  
As 
  

0.24 
  
0.56 
  
0.15 
  
0.21 
  
0.47 
  

3.

  
1.6 
  
2.5 
  
2.9 
  
3.6 
  

0.5

1.0 
0.5 
1.0 
0.5 
1.0 
0.5 
1.0 
0.5 
1.0 

0.73

1.29 
1.08 
1.55 
0.66 
1.10 
1.73 
2.21 
0.94 
1.45 

98.0

105.0 
104.0 
99.0 
102.0 
95.0 
104.0 
100.0 
96.0 
98.0 

0.23 
  
0.58 
  

0.16 
  
1.20 
  
0.48 
  



Sample 

3 
Pb 0.23 

  
4~6 0.5

1.0 
0.74

1.23 
102.0

100.0 
0.25 

Existing experimental results show that the hydride generation atomic fluorescence 

spectrometry determination of arsenic, alkali metals, alkaline earth metals, rare 

elements do not interfere with the determination.Determination of optimum conditions 

selected, the following amount (mg / L) of the elements: A1 3 + (200), Zn 2 + (100), the Fe 3 + 
(100), Pb 2 + (50), Cu 2 + (50), Mn 2 + (20), Cr 3 + (10), Bi 3 + (2), Hg 2 + (2), Sn � + (2) on the 
determination of arsenic no effect.Determination of optimum conditions selected, the 

following amount (mg / L) of the elements: A1 3 + (200), Zn 2 + (100), Fe 3 + (100), Cu 2 + (50), Mn 
2 + (20), Cr 3 +, (10), Bi 3 + (2), Hg 2 + (2), Sn � + (2) on the determination of lead no effect. 
Six, methods sources 

Chinese Journal of Health Laboratory 2006 l2 l6 volume 12 

5.6.12 by microwave digestion hydride generation atomic fluorescence 

spectrometry determination of lead in soil 

  
First, the method summary 

Trial microwave digestion method instead of the traditional method of digestion 

hydride generation atomic fluorescence spectrometry (HG - AFS) instead of the commonly 
used atomic absorption spectrometry (AAS) determination of the lead content in the 
soil.The results showed that the microwave digestion a hydride generation atomic 

fluorescence spectrometry method not only avoids the time-consuming long traditional 

digestion methods, heavy pollution and the digestion of lead in the sample due to loss of 

shortcomings and a detection limit of 6 μg / kg, close to the graphite furnace atomic 
absorption spectrometry 5μg/kg, far below the flame atomic absorption spectrometry.Good 
reproducibility of the method, Determination of the soil samples, the relative deviation 
(RSD) of 3.4% to 6.5% (n = 21), the recovery rate of 88.7% to 111.2%. 
Second, reagents 

Standard stock solution (1000μg/ml): purchased from National Steel Material Testing 
Center, Central Iron and Steel Research Institute, No. GBS G 
62071 - 90 (8201)); 

10% (W / V) potassium ferricyanide +2% (W / V) solution of oxalic acid: weighing 20 g of 
pure iron potassium cyanide dissolved in 100 ml of deionized water, adding the pickling 
activated carbon (adsorption ferricyanide potassium lead) 2 g, was stirred for 20 min, placed 
more than 6 h and filtered, then said that 4 g of oxalic acid (analytical grade) was dissolved 
in 100 ml deionized water, and the two solutions were mixed; 

14 g / L of potassium borohydride +2 g / L potassium hydroxide solution: Weigh 7 g 
potassium borohydride (AR), 2 g / L of potassium hydroxide (excellent pure) solution dissolved 
before use existing service; 

Other reagents: hydrochloric acid (superior grade pure), nitric acid (superior grade pure), 
hydrogen peroxide (AR), hydrofluoric acid (analytical grade); 

All reagents were deionized water preparation. 
Third, the test conditions 



See the lead standard analytical conditions 
4, experimental methods  

4.1 Soil sampling and processing: paddy field soil samples were collected from the 
surrounding counties of Shaoguan City, Guangdong Province, a total of six samples, each 
sample about 2 kg, the natural dry preliminary crushed excluding rice straw and other 
organic matter, with a wooden stick with a quarter method is to take the diagonal two 

mixed, two times in a row, was about 250 g clay powder.Again in an agate mortar and 
grinding continued, over aperture 0.1 mm sieve, an analytical sample.Sampling 0.2 500 g for 
digestion. 

4.2 Automatic Digestion System Programming and sample digestion: sample and completely 
remove the clear and transparent prevail after digestion digestive juices.After repeated 

experiments, the following conditions are ideal: Digestion The kind and amount of 0.2 500 g 
sample digestion agents: hydrogen peroxide (30%) 2 ml, a concentrated nitric 6 ml of 
concentrated hydrochloric acid 4 ml, of hydrofluoric 2 ml; digestion instrument is 
programmed to: a first step, 8min within power rose to 600 w, the temperature rises to 13 
0 ℃, maintained for 10 min; second step, 10 min within the power increased from 600 W to 1 
000 W, the temperature rose from 130 ℃ to 180 ℃, maintained for 20 min.Throughout the 
digestion time is 48 min.Digestion is completed remove the digestion tank liner into the 
boiling water bath steam until nearly dry, then add 20 rnl deionized water and then steam 
until nearly dry, repeated three times, washed 3 times with deionized water will wash was 
transferred to a 25 ml volumetric flask, add concentrated hydrochloric acid and 0.5 ml, 5 ml 
of l0% (W / V) iron potassium cyanide +2% (W / V) solution of oxalic acid, and finally with 
deionized water to a constant volume, while doing the sample blank.Measured after 30 min. 

4.3 Lead Preparation of standard solution: Take the lead standard stock solution (1 
000μg/m1) 1 ml deionized water volume of 1000 ml of lead solution concentration of 1 μg / rnl 
take this solution 10 rnl deionized water constant volume to 100 ml the lead standard 
application solution (0.1 μg/m1).Were taken the lead standard application solution 0, 2.5, 
5, 10, 20 rnl in 50 rnl volumetric flask, each adding 1 ml of concentrated hydrochloric acid 
and 10m1 l0% (W / V) the potassium ferricyanide +2% (W / V) oxalic acid solution, deionized 
water constant volume, this is the standard solution, the concentration of 0, 5, 10, 20, 
40ng/m1. 
V. Results and Discussion  

5.1 digestion conditions on the results of the determination of lead content 
Table 1 of the measurement results of six different digestion conditions lead soil 

samples.Method I a Ⅳ the digestive are used 2 ml of hydrogen peroxide (30%), 6 ml of 
concentrated nitric acid, 4 ml of concentrated hydrochloric acid, 2 ml of hydrofluoric 
acid.From the method I Ⅳ obtained the results of analysis, in the digestive process, the 

low-temperature phase of digestion of the length of time to digest the effect is far from 

obvious impact on the duration of the high temperature phase.For example, the method I and 
Ⅱ, Method II than the method I cryogenic time long 10 min, but the high temperature time 
less than System-I for 10 min, the result of the determination of lead significantly low 
than the method I; at the same time as the high temperature phase (such as a method Ⅲ and 
�), the results are relatively close.However, from Six samples of the test results, the 
low-temperature phase of digestion time or have a certain role. 
Experimental results show that the high-temperature phase of more than 20 min after the 
test results did not change significantly.So I digestion method IV to the determination 

of lead in soil.V the absence of added hydrofluoric acid, 6 sample results are 



significantly lower, in the digestion process, to the most important aspects of the 

determination of lead in soil the concealed soil mineral lattice (silicon-containing 
compounds) Lead release.Square V instructions concealed in the soil in the mineral lattice 
lead and not be digested, so the digestive process hydrofluoric acid for the 

determination of total lead in soil is essential.It is worth noting that the method Ⅵ is 

in accordance with the GB (GB / T 17141 - 1997) digestion of soil samples, but the result 
than the method is slightly lower, probably due to the French Open Systems, fly silicon 

over 
Process and digest the late inevitable that the loss of a little lead, in turn, can 

illustrate the advantages of microwave digestion as a closed system.  
Table 1 microwave digestion conditions on the results of the determination of lead 
Digestion process Lead content / mg / kg  
Metho

ds  
Procedu

re 
Power 

chang

es / 

W 

Use

d 

tim

e / 

min 

Reaching 

the 

temperat

ure / ℃ 

Retenti

on time 

/ min 

Samp

le 1 
Samp

le 2 
Samp

le 3 
Samp

le 4 
Samp

le 
5 

Samp

le 6 

Ⅰ 
  
Ⅱ 
  
Ⅲ 
  
Ⅳ 
  
Ⅴ 
Ⅵ 

1 
2 
1 
2 
1 
2 
1 
2 

0-600

600-

1000 
0-600 
600-

1000 
0-600 
600-

1000 
0-600 
600-

1000 
  

5 
8 
5 
8 
5 
8 
5 

8 

130

130 
130 
130 
130 
130 
130 

130 

10

15 
20 
5 
5 
20 
15 

20 

55

  
46 
  
56 
  
59. 
  
25 
48 

37

  
30 
  
40 
  
40 
  
17 
37 

49

  
44 
  
46 
  
56 
  
31 
47 

35 
  
25 
  
35 
  
43 
  
10 
41 

23 
  
21 
  
27 
  
29 
  
13 
29 

43

  
37 
  
44 
  
44 
  
24

. 
40 

Note: Ⅴ: Method Ⅳ, digestion reagent without hydrofluoric 
Ⅵ: soil samples GB (GB/T17141-1997) 
5.2 sample analysis results 
6 kinds of soil sample analysis results are shown in Table 1 Method Ⅳ, measured 5 

times the average of the results of each sample taken.1 to 6 sample recoveries were 88.7%, 
99.1%, 96.4%, 89.2%, 111.2% and 105.2%, respectively.RSD (n = 21) in the range of 3.4% to 

6.5%.The detection limit of the method on three times the standard deviation of the 
standard curve slope of 0.15 ng / ml, converted into soil 6μg/kg. 
Six, methods sources 

Shaoguan University, Natural Science 27, 9 September 2006 

5.6.13 atomic fluorescence spectrometry determination of trace lead in 

Polygonum multiflorum 

  



First, the method summary 
Polygonum multiflorum is the Polygonaceae plant Polygonum multiflorum 

Polygonummultiflorum Thunb, the dried root tuber; detoxification, elimination carbuncle 
laxative effect.Determination of harmful metals in traditional Chinese medicine and to 

control the excessive harmful metals is required by the pharmaceutical industry.Lead is 

harmful metals, paper, HNO 3-HClO 4 digestion as a reductant KBH4 measured.The detection 
limit 0.43 μg / L, the relative standard deviation (RSD, n = 6) I.99% ~ 4.09%, the linear range 
of 0 to 120 g / L, the recovery was 88.0% to I10.0%.Plants in national standard validation 
results with the certified values. 
Second, reagents 

Lead standard stock solution prepared by conventional methods; standard working 

solution to 1.0μg/mL lead serially diluted before use; 
Solution of potassium borohydride (KBH 4 p = 20 g / L): Weigh 20 g KBH 4 dissolved in 5 g / 

L KOH solution at constant volume l L; 
Potassium ferricyanide solution (K 3 Fe (CN) 6 ρ = 100 g / L): said 10 g K 3 Fe (CN) 6 was 

dissolved in 100 mL of water; 
All other reagents were excellent pure water or distilled deionized water. 

Third, the test conditions 
See the lead standard analytical conditions 

4, experimental methods  
4.1 Sample pretreatment samples to remove the soil composition, washed, dried and 

ground into a fine powder.Weigh 1.000 0 g Polygonum multiflorum beaker, add HNO 3: HClO 4 = 4: 
1, 20 mL of mixed acid the Polygonum multiflorum digestion Digestion completely smoke to 
about 0.5 mL of digestion solution.After cooling, a small amount of water transferred into 
50 mL volumetric flask, add 2 mL of 1: 1 HCl, 5 mL of 100 g / LK 3 Fe (CN) 6, and diluted to the 

mark, shake, place determined after 1 h. 
4. 2 standard series prepared to take 1.0μg/mL lead standard working solution 0, 0.5, 1.0, 

2.0, 3.0, 4.0, 6.0 mL of series in a 50 mL volumetric flask, add a small amount of water to 
20 mL, add 2 mL 1: 1 HCl 5 mL of 100 g / LK 3 Fe (CN) 6, diluted with water to the mark, shake, 

place 1 h after the determination. 
V. Results and Discussion  

5.1 medium and acidity 
According to the literature, the lead hydride in nitric acid, aqua regia, sulfuric 

acid, hydrochloric acid medium than in the fluorescence signal, and wide acidity 

range.The experiments also confirmed that, so the selection of a hydrochloric acid 

medium.Concentration of hydrochloric acid in the Of 0.10 ~~ 0.48 mol / L range be stable 
maximum fluorescence intensity, and the constant, so the selection of 0.2mol / L HCl medium 
as a trial acidity. 

5.2 Influence of the concentration of potassium borohydride 
Potassium borohydride reducing agent concentration affect the determination.The 

experiment showed that when the mass concentration of <5 g / L, restore incomplete when the 
mass concentration of> 30 g / L, the hydrogen produced too much, too much hydrogen flame 
dilutes the concentration of PbH 4, the fluorescence intensity boron The mass 

concentration of potassium hydride between 10 ~ 25 g / L and stable results, use 20 g / L of 
this Act. 

The 5.3 potassium ferricyanide dosage experimental 



Added oxidant oxidized to lead (II) lead (IV), and then generate PbH 4 to improve the 
sensitivity of the determination of lead.To K 2 CrO 7, H 2 0 2, (NH 4) 2S � O 3, K 3 Fe (CN) 6-oxidant 

such test.Test proved: in HC1 a K 3 Fe (CN) 6 the medium, the fluorescence intensity of 
lead, and with K 3 Fe (CN) 6, the degree of increase in the fluorescence intensity increased 
gradually.Fluorescent signal when the mass concentration of 100 g / L of potassium 
ferricyanide added in an amount of 4 ~ 8 mL of lead, lead stabilized, and has a maximum 
value, therefore selects Add to 100 g / L, the amount of potassium ferricyanide 5 mL. 

5.4 interference experiments 
Experiment to generate a hydride of the elements and Polygonum, there may be an 

element for the determination of lead, i.e. potassium, sodium, calcium, magnesium, copper, 

nickel, arsenic, antimony, tin ions interference test.Add 100 mg / L, potassium, sodium, 
calcium, magnesium, 50 mg / L of nickel, arsenic.5 mg / L copper, antimony, tin ions were 
not found to lead interference.Polygonum multiflorum content is lower than the content of 

the experiments done above elements.Therefore, in the measurement conditions do not 

interfere with the determination of lead. 
5.5 Sample Analysis 
Optimal experimental conditions selected, the the Polygonum multiflorum sample (No.1) 

spiked recovery experiments, the recovery rate of 88.0% to 110.0%, as shown in Table 1. 
Table 1 recycling experiment results 

  
Sample 

W (Pb) / μg / g  

Recovery (%)  Measured 

values 
The 

amount 
Measured 

amount 
No1 
No1 
No1 
No1 
No1 

1.30 
1.30 
1.30 
1.30 
1.30 

0.25

0.50 
0.75 
1.00 
1.25 

1.52

1.85 
2.11 
2.33 
2.47 

88.0 
110.0 
108.0 
103.0 
93.6 

  
  
Pb were measured on the national level plant standards, with this Law.Results 

consistent with the standard value, as shown in Table 2. 
Table 2 analyzes the results of the control 
  

  
Sample 

W (Pb) / μg / g RE%  

Standard 

values 
Measured values     

GBW08501 
(Peach 

leaf) 
GBW05505 
(Tea) 

0.99 ± 

0.04 
  
1.06 ± 

0.10 

0.94

  
0.99

1.02

  
1.14

1.08

  
1.15 

1.01

  
1.09 

2.36 
  
2.83 

  
Six, methods sources 
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5.6.14 hydride generation atomic fluorescence spectrometry determination of 

lead in seawater 

  
First, the method summary 

Hydride generation atomic fluorescence spectrometry determination of lead in seawater 

optimized analysis conditions of acidity, potassium borohydride and matrix modifier 

concentration, flow rate of carrier gas, the lamp current and atomizer height.Inside 0---
80ng/mL linear relationship, the correlation coefficient was 0.999, the measurement 
accuracy of 3%, accuracy of 101%, the recovery rate of 95.00% -97.5%.This method has the 
advantages of simple, fast, and less matrix interference, high sensitivity, good 

reproducibility, wide linear range, the results are reliable, and suitable for the 

determination of the lead elements in seawater.  
Second, reagents 

1% hydrochloric acid solution; 20% hydrochloric acid solution; 20% potassium 

ferricyanide solution; 
2% oxalic acid solution; 0.5% potassium hydroxide solution; solution of 2% 

potassium borohydride; 
The lead standard uses liquid (1.00μg/mL); 
All of the above reagents were excellent pure experimental water with lead-free 

ultrapure water, standard solution using the center of the lead of the national standards 

for reference material (GBW 08 619). 
Third, the test conditions 

See the lead standard analytical conditions 
4, experimental methods  

4.1 Sample 
Were farming area Jianghong Port of Zhanjiang Port, southeast coastal farming 

district, Hung Hom Bay, west coast, the eastern coastal farming areas Yingluo seawater 

collected.The sample type instantaneous water samples.0.45μm membrane filter after the 
sample collection, storage set in clean polyethylene plastic bottle to be measured. 

4.2 Calibration curve drawing 
Respectively lessons lμg / mL lead standard to use liquid 1.0, 2.0, 3.0, 4.0 mL in 50-mL 

volumetric flask, add 20% hydrochloric acid solution 2.5mL 2% oxalic acid solution 5.0mL 
and a small amount of artificial seawater or unleaded natural seawater, shake .Then add 
20% potassium ferricyanide solution 2.5mL.Diluted with artificial seawater or lead-free 
natural water to get the scale, shake, that is dubbed in 20, 40, 60, 80ng/mL standard 
series, placed were measured after 30min.Reactants in a solution of 3% potassium 

borohydride, and 1% hydrochloric acid solution as a carrier stream, and its fluorescence 

intensity was measured using hydride generation atomic fluorescence photometer instrument 

parameters selected.Standard solution, as the abscissa, and the fluorescence intensity of 

ordinate to draw the calibration curve.  
4.3 sample processing and determination 
About 40mL seawater samples in a 50-mL volumetric flask, adding 20% hydrochloric acid 

solution, 2.5mL, 5.0 mL of 2% oxalic acid solution and adding a small amount of sea water 
sample, shake, then add 20% of the high potassium ferricyanide solution 2.5mL with 



seawater samples diluted to the mark, placed after 30min, the fluorescence intensity of 
the test solution was measured by the calibration curve method.At the same time to do the 

reagent blank. 
V. Results and Discussion  

The lead standard sample production using the SEPA standard sample Institute 
(GSBZ50009-88 (2) 0200111, the standard value of 0.7960 disabilities 0.04mg / L) standard 
samples, see Table 1. 

Standard substance Table 1 Determination Result (n = 3) 
Determination 

of the number 

of times 

Dilution 

factor 
Measured 

values 

(μg / 

L) 

Sample 

concentration 

(mg / L) 

Average

(Mg / 

L) 

Accuracy 

(%) 

1 
2 
3. 

10 
10 
10 

80.93

79.71 
80.70 

0.809

0.797 
0.807 

 

0.804

0 

  
101 

  
Six, methods sources 

Spectroscopy Laboratory 22 4 July 2005 

Six cadmium (Cd) 

6.1 physical parameters 

  
Atomic weight: 112.40 
Ionization energy: 8.980 eV 
Hydride dissociation energy:               Unknown 
LEVEL (eV) Wavelength (nm) 
228.80 0.000 - 5.409 
326.11 0.000 - 3.795 
  

6.2 standard stock solution 

(1) standard stock solution (1mg/ml): accurately weighed 1.0000g, high purity cadmium 
powder 10ml HNO 3 (1 + 1) in a beaker and dissolved, transferred to a 1000 ml volumetric 
flask using deionized diluted with water to the mark. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 



(3) or standard stock solution provided by the National Research Center. 
(4) compartment, the standard series configuration, excellent pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid (ml) 

Every reserve 

liquid 

concentration 
(0.01mg / L) 
(Ml) 

Add 10% 
thiourea 
(Ml) 

100ug/ml Co
solution 
(Ml) 

Fixed 

volume 
(Ml) 

The 

concentration 

of the 

solution 
(Ug / L)

Std0 2 0 10 1.0 100 0 
Std1 2 1 10 1.0 100 0.1 
Std2 2 2 10 1.0 100 0.2 
Std3 2 4 10 1.0 100 0.4 
Std4 2 8 10 1.0 100 0.8 
Std5 2 10 10 1.0 100 1.0 
Single standard automatic preparation of standard curve

Std5 2 10 10 1.0 100 1.0 
  

Note: can be separated using the flame method (ignition) or cold-atom method (no 

ignition) determination; Flame Determination of high sensitivity, but the flame noise 

sensitivity satisfied, and maximize the use of the method for the determination of the 

cold atom. 
(5) the standard curve (for example) 

 
  

6.3 standard analysis conditions 

Reducing reagent 2.5% NaBH 4 (KBH 4) was dissolved in 0.5% NaOH (KOH) 
Valence:               Divalent 
Standard acidity:                                       2% (V / V) 

HCl 
The carrier liquid: 2% HCl +1% thiourea +1 ug / ml Co solution 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 



Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 30 
A (B, C) Road assist lamp current (mA) 30 

6.4 Samples Summary 

Biological samples: 
0.2000g biological samples soaked for eight hours in 4ml nitrate, then add 2ml 

perchlorate, a hot plate heated to dry.After cooling, 10ml 0.1mol / L HCl, and heated 
again until the solution clarified.After cooling, 10ml 5% (W / V) of the thiourea 
solution and 1ml of Co solution (containing 50ng / L Co.).The solution was transferred 
to a 50 ml volumetric flask and dilute to the mark.The solution available soon ready 
AFS them Determination of Cd. 

6.5 Interference and Elimination 

Interference phenomenon of water samples for the detection of cadmium is not found, 

but, if the analysis of biological samples in the processing of the final analysis 

solution containing a higher than 1 mg / ml of Cu or Pb will produce interference.The 
influence of Pb can be added to the sample solution 2ml 5% K 2 SO 4 and 1 ml of 5% of BaCl 2 
eliminated, the influence of Cu by using a solution containing potassium cyanide (0.5% W / 
V) as the reducing agent to be reduced. 



6.6 Application method compilation 

  

6.6.1 Continuous flow hydride generation atomic fluorescence spectrometry 

determination of trace cadmium in urine 

  
First, the method summary 

Recent years cadmium in industrial materials widely used in mining, smelting, 

electroplating, electronics, alloys, welding, glass, ceramics, paints, pigments, 

photographic materials, photovoltaic cells, plastics, fertilizers, industrial production 

and the use of cadmium and its compounds, killing insects such as the production of 

manufacturing industry.This is closely related to human health, in production due to 

improper or lack of safety measures knowledge of basic protection, so that the body long-

term exposure to cadmium-containing materials can cause occupational cadmium 

poisoning.Cadmium accumulation poison , Body or even a very small amount of cadmium 
intake, also the kidneys harmful clinical hypercalciuria, proteinuria, glucosuria, 

aminoaciduria, and finally lead to a negative calcium balance caused by osteoporosis, the 

safe intake of cadmium The problem has been the concern of the countries in the 

world.Urine cadmium, may reflect the situation of human exposure to cadmium, can serve as 

an important indicator of cadmium poisoning diagnosis, determination of trace cadmium in 

urine is of great significance.In this paper, the atomic fluorescence spectrometry 

determination of trace cadmium in urine, the method is simple and fast, high sensitivity, 

good reproducibility, suitable for the analysis of a large number of samples detected. 
Second, reagents 

Hydrochloric acid, perchloric acid, nitric acid (both excellent extremely pure); 
Potassium hydroxide (analytical grade); the the thiourea solution 100 g / L; 
Cobalt-containing solution: Weigh 0.4038 g hexahydrate cobalt chloride, dissolved in 

100 ml volumetric flask and dilute to the mark with deionized water, and this solution is 
equivalent to 1.0 g / L cobalt temporary use serial dilutions to cobalt ions 0.1 g / L. 

Potassium borohydride solution: 30 g / L 2.0 g / L of potassium hydroxide; 
Dithizone in carbon tetrachloride solution of 0.5 g / L; 
Cadmium standard stock solution of 100 mg / L (provided by the National Research Center); 

temporary use when serial dilution to the cadmium standard solution of 50 g / L. 
Third, the test conditions 

See cadmium standard analysis conditions 
4, experimental methods  

4.1 standard series prepared Imbibe cadmium standard solution (50 ug / L) 0.00, 0.50, 
l.00, 2.00, 4.00, 6.00 mL (standard series Cd 0.00, 0.50, 1.00, 2.00, 4.00, 6.00ug / L) in 50 
ml volumetric flask, adding thiourea solution of 10 mL containing cobalt solution of 0.5 ml 
of dithizone in carbon tetrachloride solution, 2.5 mL, measured at constant volume with 2% 



HCl (V / V).Simultaneously with 2% HCl (V / V) solution was used as the blank carrier liquid 
to 30 g / L KBH 4 Reducing agent on the machine test. 

5.0 ml urine sample was measured 4.2 sample placed in a tall beaker plus 2.5 ml of mixed 
acid (nitric + perchloric = the 4 +1) placed after a moment, slowly heated to digest nearly 
dry, coolish with 20 ml of deionized heating water twice to nearly dry in time acid samples 
digestive juices with 2% HCl (V / V) was transferred to a 50 ml volumetric flask, adding 
thiourea solution 10 ml cobalt solution of 0.5 ml dithizone carbon tetrachloride solution of 
2.5 ml, with 2% HCl (V / V) set the volume to the mark, shake under test while doing the 
reagent blank experiment. 
V. Results and Discussion  

Urine sample in the range of the standard curve, with a low, three high concentration 
of standard spiked repeated measurements, the measured average recovery rate was between 

92.8% to 99.6%, and the relative standard deviation of 1.22% to 3.28% .Precision and 

recovery test results are shown in Table 1. 
Precision and recovery test results in Table 1 (n = 6) 

Sample Background 

values (μg / 
L) 

The amount

(μg / L) 
Measured 

values 
(μg / L) 

average 

recovery 

rate 

RSD 
(%) 

1 
  
  
2 
  
  
3 
  
  

0.325 
  
  
0.216 
  
  
0.535 

0.50
2.00 
4.00 
0.50 
2.00 
4.00 
0.50 
2.00 
4.00

0.79
2.28 
4.31 
0.68 
2.12 
4.12 
1.01 
2.48 
4.51

93.2
97.8 
99.6 
92.8 
95.2 
97.6 
95.0 
97.2 
99.4

3.25 
2.08 
1.22 
3.28 
2.12 
1.93 
2.03 
1.98 
1.25 

  
On the part of the common ionic and may be formed hydride ion interference tests in a 

solution containing 0.5 g / L added to the cadmium in the standard solution to be tested 
interfering ions, and its fluorescence intensity was measured, and tested with and 

without interfering ions comparison 
Cu 2 +, Pb 2 +, Zn 2 + To determine cadmium have negative interference proved Add thiourea a 

cobalt ion in the test pair of diphenylthiocarbazone Cu 2 +, Pb 2 +, Zn 2 + interference can be 

eliminated, actual samples of Cu 2 +, Pb 2 + ions interference maximum, Sb, Hg, Se, Cr ion is 
not found in the presence of interference. 
Six, methods sources 
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6.6.2 sequential injection hydride generation atomic fluorescence 

spectrometry determination of trace cadmium in meat 

  
First, the method summary 



Cadmium (Cd) is not an essential element of the human body, is a heavy metal elements, 
are harmful to most organisms.The accumulation of cadmium in the organism can cause pain 

disease, heart failure, atherosclerosis and other diseases.Safe intake of cadmium have 

been subject to the attention of the world, so the determination of trace cadmium in meat 

products is of great significance.National standards GBT5009.15-1996 the first method for 
graphite furnace atomic absorption spectrometry.The sensitivity of the method, but the 

equipment is expensive, is not conducive to the popularity of complex matrix, the salt 

content of the sample, the interference is not easy to eliminate; atomic fluorescence 

spectrometry is a new technology developed in recent years, the method for the 

determination of cadmium in food, simple operation wide linear range, and the domestic 

instrument price inexpensive, easy to popularize and promote.In this paper, sequential 

injection hydride generation atomic fluorescence spectrometry determination of trace 

cadmium in meat products, the experimental results show that the method is simple and 

quick operation, less matrix interference, stable instrument performance, high 

sensitivity detection limit and low measurement results warrant satisfactory. 
Second, reagents 

Nitrate (superior grade pure), sodium hydroxide, and water was ultrapure water; 
Carrier: 1% nitric acid solution; 
Reducing agent: Weigh 5.0g the cadmium dedicated reductant (reagent No. I) was dissolved 

in 100ml0.5% KOH aqueous solution; 
0.5% Cadmium sensitizer (II No. reagents) solution: Weigh taken 0.1g cadmium reagent II, 

was dissolved in 100 ml of distilled water; 
Cadmium standard solution (2ug / L): with 1% nitric acid solution was serially diluted 

the cadmium stock standard solution (1 000ug/m1) to 2ug / L; 
Carrier gas: the content of 99.999% purity argon. 

Third, the test conditions 
See across the standard analysis conditions 

4, experimental methods  
4.1 standard curve using automatic injector line dilution standard solution, in turn 

import atomic fluorescence spectrometer measured using special software automatically 

draw the standard curve. 
4.2 Sample Handling accurately weighed sample 0.500 ~ 1.000g of sample dissolution cup, 

add 5ml of nitric acid by Microwave Digestion System Digestion.Catch acid to dryness on a 
hot plate 200 ° C to room temperature was added 5 ml of 1% nitric acid solution was 
dissolved.While production sample blank solution. 
V. Results and Discussion  

5.1 randomly selected four types of sample precision and spiked recovery test.Two 
parallel samples and two spiked samples, each test taken at the same time to do the 

reagent blank experiment was repeated 6, are shown in Table 1.Applied to the determination 
of cadmium in the national standard substances in tea leaves (GBW07605), at different 
times of 6 determinations mean 0.152mg/kg, RSD = 3.07%, in marked values (0.14 ± 0.06) mg / kg 
range . 

Table 1 precision and recovery test (number of measurements n = 6) 
  

Name Background 

values 
(μg / kg) 

Plus 

scalar 
(μg / kg) 

Determination 

of the mean 
(μg / kg) 

RSD
(%) 

average 

recovery 

rate 



Sample 
1 
Sample 
2 
Sample 
3 
Sample 
4 

0.071 
0.012 
0.028 
0.019 

0.112
0.102 
0.108 
0.098 

0.183
0.114 
0.136 
0.117 

3.21
2.85 
3.05 
3.18 

88. 
95 
92. 
97. 

  
5.2 Selection of the acidity of the medium 
Cadmium Hydride Generation Atomic Fluorescence Spectrometry very stringent 

requirements on the acidity of the sample handling must pay attention to the residual 

acid expelled completely.This article was tested in a concentration of 0.1% to 3.0% nitric 
acid column determination sensitivity results show that: the nitric acid concentration is 

1.0-2.0%, the sensitivity are high, this article uses a 1.0% nitric acid solution was used 

as the solvent of the carrier and the sample was dissolved. 
5.3 digestion system choice 
Comparison to reference a variety of digestion system, wherein the HNO 3-H 2 O 2 

digestion system is better able the meat substantially all cadmium digestion out.This 

method uses the HNO 3-H 2 O 2 digestion solution digestion by Microwave Digestion System. 
Six, methods sources 
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6.6.3 microwave-assisted digestion an atomic fluorescence method for the 

determination of cadmium arsenic lead in the glass 

  
First, the method summary 

The various elements in the optical glass have different effects on the optical 

properties of the glass.Such as adding cadmium can increase the refractive index of glass; 

introduction of arsenic can increase the transmittance of the glass, leaded glass has a 

low-cost, high-refraction etc..Cadmium, arsenic and lead are toxic elements, glass 

processing and handling, as well as toxic waste processing likely to cause pollution of 

water, soil, air and bring some harm to the human body, therefore, looking for a quick, 

convenient, The high sensitivity, low-cost method for determination of toxic elements in 

the glass has a practical significance. 
The complex composition of the glass sample (the main component such as SiO 2 B � O 3, Na 

2 O, K 2 O) is difficult to dissolve, thus bring difficulties to the analysis.50 # The main 
ingredients of the optical glass in the present experiment is SiO 2 TiO 2: Na 2 O, K 2 O and B 

2 O 3, 51 # glass of main component is SiO 2, B 2 O ,₃  Na 2 O, K 2 O and BaO.This paper proposed 
microwave-assisted the sealed container digestion process glass samples, the method is 

simple, accurate, inexpensive, environmentally friendly.The main analytical methods for 

trace elements in the glass samples spectrophotometry, flame atomic absorption 

spectrometry (FAAS), electrothermal atomic absorption spectrometry (ET - AAS), X-ray 



fluorescence spectrometry (XRF).Some of these methods sensitivity is not high (ETFAAS, 
XRF, etc.), it is difficult to be directly used for the determination of cadmium, arsenic 
and lead in glass, although some have high sensitivity, but the instrument is expensive, 

the higher cost analysis (such as ETAAS, ICP - MS, etc.).Therefore, this paper, ETV - AFS 
determination of trace cadmium in glass, HG-AFS determination of trace amounts of 
arsenic and lead in the glass, and achieved satisfactory results. 
Second, reagents 

The standard stock solution of Cd, Pb l000mg / L (stock solution of Cd standard with 
spectroscopically pure cadmium metal preparation, Pb standard stock solution preparation 
of spectroscopically pure PbO); 

As standard stock solution l000mg / L (National Research Center); 
Nitric acid, hydrochloric acid, hydrofluoric acid is superior grade pure; 
All other reagents were of analytical grade; trials and double distilled water. 

Third, the test conditions 
See across the standard analysis conditions 

4, experimental methods  
4.1 Sample Handling and Analysis 
Two glass samples (50 #, 51 #) after pulverization in the pulverizer through the 200 mesh 

sieve, dried, put in a desiccator.Weigh about 0.2g of the powder in Teflon digestion tank, 
first add 2.0mL of nitric acid sample, and then followed by adding 3.5mL hydrochloric acid, 
1.5mL hydrofluoric uniform shock, tighten the lid, put the person Microwave in turn 100% 

power Digestion 10min and 70% power Digestion 5min.After cooling, the solution was 
transferred to a Teflon crucible, on a hot plate at 200 ℃ heating until the solution was 

evaporated to dryness to catch off the excess acid, and finally extracted with acid; 

sample was extracted with 1.0% nitric acid was used for the determination of Cd; the 
sample for determination of As and Pb, respectively, with 10% hydrochloric acid and 5.5% 

hydrochloric acid extraction, and were transferred to a 50-mL volumetric flask, and a 
constant volume with the corresponding concentration of acid.Throughout the digestion 

process takes approximately 1.5h. 
ETV - AFS measured cadmium using direct injection, injection volume of 20uL.Before 

using HG - AFS DETERMINATION As shall alternate sample solution was further diluted to 
5 ~ l0 times, an ascorbic acid solution with 20g / L thiourea constant volume.Before HG-AFS 
determination of Pb, the same should also be constant volume after digestion solution was 
diluted 5 - l0 times, and then with l0g / L K 3 Fe (CN) 6 Solution to volume.Measuring lead 51 # 
Samples, it is also necessary to add l2g / L NaSCN in KBH 4 (KOH, (NH �) 2 C 2 O 4) as the 
masking agent.A detailed description of the fluorescence spectrometer has been reported 

in the literature., As, Pb was measured by ICP - AES directly in 5% nitric acid extraction, 

and then washed with 5% nitric acid in the volume to 50 mL volumetric flask, without 
further dilution.ETV - AFS and ICP - MS determination of cadmium, the direct use of the 
constant volume of solution can be digested. 
V. Results and Discussion  

Atomic Fluorescence Spectrometry measured two optical glass samples cadmium, arsenic, 

lead content are shown in Table 2 and Table 3.Compare this Law and ICP-MS (Cd) and by ICP-
AES (As, Pb) of the test showed that the method was used to better determination of glass 
cadmium, arsenic, lead, precision degree and accuracy, and the results are accurate and 

reliable.Moreover, with ICP - MS, ICP - AES, ETAAS methods such as atomic fluorescence 



spectrometry method is simple, inexpensive and can be used for routine monitoring of 

toxic elements in the glass manufacturing industry. 
Analysis results of the cadmium in Table 2 

Sample ICP - AES (μg / g) HG-AFS (μg / g)

No.50 
No.51 

2. 8 ± 0.50 (3)

2.9 ± 0.20 (3) 
2.5 ± 0.050 (3)

2.6 ± 0.08 (3) 
  

Table 3 the results of the analysis of arsenic and lead 
Sample / 
Analyte 

ICP - AES (μg / g) HG-AFS (μg / g) 

No.50 
  
No.51 

As 
Pb 
As 
Pb  

28.7 ± 0.7 (3)

40.2 ± 4.7 (3) 
3.3 ± 0.3 (3) 
61.9 ± 1.0 (3) 

31.0 ± 2.3 (3) 
41.9 ± 0.8 (3) 
3.1 ± 0.1 (3) 
60.6 ± 5.3 (3) 

  
Six, methods sources 
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6.6.4 Microwave Digestion a non-dispersive atomic fluorescence spectrometry 

determination of cadmium in food additives directly 

  
First, the method summary 

Create a hydride generation atomic fluorescence method for the determination of 

cadmium in food additives.Sample in the fiber optic pressure-controlled closed microwave 

digestion system, digestion, digestion stepped boost were 0.5 MPa 1 min, 1.0 MPa 2 min, 2.0 

MPa 2 min sample digestion, Fe 
+3,

 KMnO 4, EDTA, thiourea as a masking agent.The relative 
standard deviation (RSD) of less than 5%, the recovery rate of 95.0% - 103.0% 

Determination of cadmium in food additives using the method with satisfactory results. 
Second, reagents 

The MK type Fibre pressure controlled confined by Microwave Digestion System 
(Shanghai Branch Microwave Chemistry Technology Co., Ltd.); 

Cadmium standard stock solution: 1.000 g / L, prepared by a conventional method, when 
used according to need to serially diluted to the desired concentration; 

KBH 4 solution: 20 g / L, 2 g / L KOH medium; 
EDTA solution: 0.3 mol / L, Fe +3 solution: of 200 mg / L,; thiourea: 100 g / l; KMn0 4 

solution: 5 g / L. 
Third, the test conditions 

See across the standard analysis conditions 
4, experimental methods  

4.1 Preparation of sample solution taken 0.5000 g sample in Teflon digestion tank, add 3 
mL HNO 3, 2 mL H 2 O 2, tighten the lid and put it into the microwave digestion system, 
set the sample digestion The analytical conditions to complete decomposition of the 



sample, after cooling, transferred to a 25 mL volumetric flask, to set the volume of 
deionized water, shake well and set aside, while doing the blank test. 

4.2 Cadmium Preparation and determination of the solution to be tested after a the 
accurate pipetting certain amount of sample solution and the blank solution in a 25 mL 
volumetric flask HC1 adjust the acidity of the solution, add 2 mL Fe +3 solution, KMnO 4 
solution 2 mL Shake well placed for 5 min, 10 mL of EDTA solution thiourea 5 mL constant 
volume, atomic fluorescence spectrometry. 
V. Results and Discussion  

5.1 by other methods comparison, the test results are shown in Table 1. 
Determination results of the samples in Table 1 

Sample This 

Act (kg 
/ kg) 

RSD (n = 
6,%) 

Other 

methods 

(1) (kg / 
kg) 

Addition 

amount 
(kg / kg) 

A 

measured 

value 
(kg / kg) 

Recoveries 

001 
002 
003 

1.49
0.56 
1.22

1.96 
4.96 
2.18 

1.46
0.57 
1.20

1.00
1.00 
1.00

2.44
1.59 
2.33

95.0 
103.0 
101.0 

  
① atomic absorption method 

5.2 Sample selection of the method of decomposing food additive sample before 
measurement the samples need to be pretreated, its purpose is to obtain the total amount 

of elements to be measured, and the sample processing to generate system error, for 

accurate measurement sample trace elements, pre-treatment technology is particularly 

critical.In order to remove the interference of organic food additives on the 

determination of metal ions, the determination must sample digestion.Microwave Digestion 

in recent years means of sample preparation, characterized can improve the efficiency of 

acid decomposition sample component volatilization loss, reagent consumption, low blank 

value, good reproducibility.This test microwave digestion sample.  
5.3 Digestion conditions the choice of food additives, most of the organic ingredients 

will produce large amounts of CO 2 gas in the digestion process, after the start of the 
digestion reaction, the reaction system pressure will rapidly increase, so needs to 

control the power of the microwave radiation digestion existing research results show 

that the digestion reagent HNO 3 - H 2 O 2, the results of the sample digestion is mainly 

determined by the heating pressure, time, and booster, this three factors to the 
conditions of the test, the results show that using ladder pressurized Digestion can 

prevent violent boiling experiments in a constant power of 650 W, 0.5 MPa 1 min, 1.0 MPa 2min, 
2.0 MPa 2min digestion. 

5.4 coexisting elements affect and interfere with the elimination of 
HG - AFS method interference of coexisting elements into the liquid phase 

interference caused by the transition metal elements and Gas interference caused by the 

hydride-forming elements.For the elimination of interfering elements, the presence of Fe +3 
was added KMnO 4, can element oxidation of As, Sb, Se, Te, etc. to Z, Z As, Sb hydride-
forming efficiency is low, an expensive Se, Te is not formed hydride, and then adding 
EDTA, and thiourea to mask to eliminate interference from other elements.In accordance 
with the experimental method, hydride generation atomic fluorescence spectrometry 

determination of Cd (4.0 ug / L) interfere with the elements test (ug / mL) solution in the 
presence of the element content of more than the following values: 500 for of K 

+,
 Na + 10000 , 



Ca 2 + 800, Mg 2 + 2000, Zn 2 + 0.1, Cu 2 + 0.1, Pb 2 + 0.01, A1 3 + 500, Cr (Ⅵ) 10, Ni 2 + 0.1, Hg 2 + 
0.001, Se (Ⅳ ) 0.05, Ge (Ⅳ), 0.01, Mn 2 + 0.5 interference measurement.However, in the 
measurement sample, none of the above-mentioned ion to achieve the above ratio, and thus 

on the determination of non-interfering. 
Six, methods sources 
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6.6.5 Nitric Acid Digestion method of determination of soil Cd, As, Hg 

  
First, the method summary 

Determination of soil cadmium, arsenic and mercury are important projects for 

environmental monitoring, and traditional soil digestion method based on the measured 

elements, different methods of digestion digestion method of operation is very cumbersome, 

in particular the determination of the elements cadmium, digestion the process must be 

added HclO 4, H 2 SO 4 And so, in some graphite furnace atomic absorption spectrophotometer 
strictly limit the high boiling acid, the digestion end must smoke do bad control will 

affect the measurement of atomic absorption, and is also useful for aqua regia digestion 

in a water bath reported paper with nitric acid digestion simultaneous determination of 

heavy metals cadmium, arsenic and mercury in the soil, this approach is not only lower 

costs, and higher sensitivity, operation is easy to grasp applicable in the digestion of 

the heavy metals cadmium, arsenic and mercury in the soil and determination. 
Second, reagents 

Arsenic standard stock solution: 1000mg / L mercury standard stock solution: 1000 mg / L, 
and cadmium standard stock solution: 1000 mg / L, provided by the National Research Center; 

Arsenic standard solution: 20 mg / L, absorb the arsenic standard stock solution 1ml, 
diluted to 50 ml with deionized water; 

Mercury standard solution: 1 mg / L, absorb mercury standard stock solution 1ml, adding 
a certain amount of acidic potassium dichromate fixative diluted with deionized water to 
1000ml; 

The cadmium standard use solution: 1 mg / L, absorb cadmium standard stock solution of 
1 ml diluted with deionized water to l000ml; 

Thiourea + ascorbic acid mixed solution (5%): Weigh 5.0g thiourea, 5.0g ascorbic acid, in 
l00ml beaker, together with 100ml of deionized water, now with just before use; 

Nitrate: 5% (volume ratio); potassium borohydride solution (2.5%): Weigh taken 0.5gNaOH, 
2.5gKBH 4 In a 100 ml volumetric flask with deionized water to a constant volume; 

All of the above reagents for superior grade pure reagents, the water is deionized 

water or water of equivalent purity. 
Third, the test conditions 

See across the standard analysis conditions 
4, experimental methods  

4.1 Preparation of samples collected 0 ~ 20cm deep tillage layer of soil samples to in 
indoor dry naturally, through 100 mesh nylon mesh sieve, and influence to prevent sampling 
human reason, sample mixing, bagging, crushing, grinding and other processes are using 

wood plastic, agate and other appliances. 



The 4.2 sample digestion accurate, take soil samples of 0.1 g (accurate to 0.0001g) 50ml 
colorimetric tube, add 5ml nitrate, gently shaking all nitrate soaked samples on equipped 
than the color frame the water bath, cover The upper glass beads in order to prevent 

volatilization of the microelements, heated in boiling water for about 3 hours, the 
digestive process shaking 2 to 3 times than the color tube.Deionized water to volume, shake 
out after cooling the solution to clarify the back-up measure.At the same time to do the 

reagent blank. 
4.3 arsenic and mercury mixed the standard use liquid preparation: lessons of 20 mg / L 

arsenic standard solution 10 ml of l mg / L mercury standard solution 5ml in 500ml volumetric 
flask, constant volume with deionized water.Arsenic and mercury contents were 400 ng / ml 
and l0ng / ml. 
Respectively lessons mixed standard 0.0, 1.0, 2.0, 3.0, 4.0, 5.0ml 50ml colorimetric tube, 
added 5ml nitric constant volume with deionized water, where arsenic, mercury 
concentrations of 0.0, 8.0, 16.0, 24.0 , 32.0, 40.0ng/ml, 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 ng / ml. 
V. Results and Discussion  

Separated by atomic absorption spectrometry 
Two spiked recovery test three elements, as shown in Table 1, the results show that 

the method of the three elements of the recovery was 93.0 - 104.0%. 
Table 1 recovery test 

Element Known 

values 
(μg) 

Spiked values 
(μg) 

The measured 

value (μg) 
Recovery (%) 

1 2 1 2 1 2 
Cd 
As 
Hg 

0.113 
13.3 
0.073 

0.200
10.0 
0.100 

0.50
0 

20.0 
0.30

0

0.321
23.1 
0.169 

0.627
33.4 
0.352 

104.
0 

97.7 
96.0 

102.
8 

100.
6 

93.0 
  

Once using nitric acid digestion of soil, simultaneous measurement of cadmium, 

arsenic and mercury.The advantages: (1) digestion time sample number, constant temperature 
water bath digestion temperature uniformity of the points, ensure consistent sample 

digestion conditions, the digestion process temperature control automatically and 

unattended; (2) the amount of acid is greatly reduced, reducing reagent contamination; (3) 
Process Save simple operation; plus (4) colorimetric tube with glass beads, to avoid 
sample contamination in the decomposition process of the loss of volatile elements, 

digestion speed, reducing the environmental pollution and harm to human body; (5) to 
exclude the interference of hydrochloric acid and high-boiling acid measurement, reduces 

measurement blank value; (6) the method detection limit low linear range recovery.Can be 
widely used in the determination of pollution-free agricultural products base and other 

environmental soil samples. 
Six, methods sources 

Soil Science 37 2 April 2006 



6.6.6 atomic fluorescence method for the determination of cadmium in drinking 

water and source water 

  
First, the method summary 

Cadmium is a heavy metal pollutants widespread in nature, cadmium savings in plants 

and animals and aquatic organisms, the body cadmium poisoning is mainly caused by the 

digestive tract and respiratory tract intake of cadmium pollution of water, air and 

food.Cadmium have savings in the human body, and the incubation period can be as long as 
10-30 years, early imperceptible cadmium poisoning of human tissues and organs is 
multifaceted and extremely difficult to treat.Due to the toxicity of cadmium has been 
WHO identified as one of the first study of pollutants.Cadmium is listed as one of the 
indicators of drinking water in toxicology. 'Drinking water health standards "(2001) 
provides that the cadmium limit of 0.005 mg / L,.Cadmium used in the determination of 
drinking water method: flame atomic absorption spectrophotometry, flame atomic absorption 

spectrophotometry, dithizone spectrophotometry the catalytic oscillopolarographic 

law.Flameless atomic absorption spectrophotometry high cost, flame atomic absorption 

spectrophotometry required extraction complex, the operation of the other two methods, 

low sensitivity.Atomic fluorescence technology over the past few years, rapid development 

of a new technology, this article uses the atomic fluorescence photometers drinking water 

and source water cadmium select best instrument conditions, acid medium acidity choice 

interfering ions, the method detection limit, linear range, precision, and the recovery 

methodology.The results show that this method is simple, high sensitivity, and facilitate 

the promotion, applicable to the determination of cadmium in drinking water and source 

water. 
Second, reagents 

Nitric acid (ρ = 1.42 g/m1), hydrochloric acid (ρ = 1.19 g/m1), superior grade pure; 
Solution of potassium borohydride (KBH 4) (50 g / L), said 0.5 g of sodium hydroxide was 

dissolved in a small amount of pure water, Add potassium borohydride 25.0 g, given the 
volume to 500 ml with pure water, and mix. 

Cobalt solution (1.0 mg/m1) was weighed 0.4038 g of cobalt chloride hexahydrate (CoCI 
2 · 6HO, excellent grade pure) dissolved in pure water volume to 100 ml.When you use diluted 
to 100 ug / ml; 

Carrier: take l0mL hydrochloric acid was added a small amount of purified water, add 
l0 ml 100 ug / ml of the cobalt solution, and the volume to 500 ml with pure water; 

Thiourea (10 g / L) Weigh 1.0 g of thiourea was dissolved in 100 ml of pure water; 
Naphthalene sodium phosphate (20 g / L) Weigh 2.0 g of sodium pyrophosphate was dissolved 

in 100 ml of pure water; 
Cadmium standard stock solution [ρ (Cd) = 1.00 mg / ml Weigh 1.0000 g metal cadmium (pure 

spectrum), dissolved in 20 ml of nitric acid, constant volume with pure water to l 000 Tnl, 
shake the; 

Cadmium standard solution [ρ (Cd) = 1.0 ug / ml] draw 10.0 ml cadmium standard stock 
solution in a 100 ml flask, diluted standard solution step by step with l% nitric acid; 

Cadmium standard solution [ρ (cd) = 0.10 ug / ml Pipette 10.0 ml, 1.0 ug / ml cadmium standard 
solution in a 100 ml flask to volume with pure water. 



Third, the test conditions 
See across the standard analysis conditions 

4, experimental methods  
4.1 to 10.0 ml of water samples in the colorimetric tube. 
4.2 Preparation of the standard series respectively absorb 0.10 ug / ml cadmium standard 

solution of 0.00, 0.05, 0.10, 0.30, 0.50, 0.70, and 1.00 ml in colorimetric tube with pure constant 
volume to 10.0 ml, cadmium concentrations were 0.0, 0.50, 1.0, 
3.0, 5.0, 7.0, 10.0 ug / L. 

4.3, respectively, added to the water samples, blank and standard solution tube of 0.2 
ml of hydrochloric acid, 0.2 ml cobalt solution (100 ug / ml), 1.0 ml thiourea solution (10 g / L), 
0.4 ml coke sodium phosphate (20 g / L ) solution, and mix. 
V. Results and Discussion  

Lead, cadmium, and copper in water samples and diluted standard reference materials 

were added to a certain concentration of cadmium standard solution, determination of the 

recoveries, the experiments show that the recovery in between 84.7% to 117.0%, the 
results are shown in Table 1 . 
Table 1 method of standard addition recovery experiments 

The types of 

samples 
Background 

values 
(μg / L) 

Plus 

scalar 
(μg / L) 

Measured 

values 
(Μg / L) 

Recoveries 

Tap water and 

source water 
  
  
Standard 

reference 

material 

0.0-0.02
0.0-0.02 
0.0-0.02 
1.10-1.16 
1.10-1.16 
1.0-1.16 

1.0
5.0 
7.0 
1.0 
3.0 
5.0 

0.869-
1.03 

4.81-5.22 
6.71-7.27 
2.19-2.26 
4.33-4.38 
6.34-6.50 

86.9-103.0 
96.2-104.4 
95.8-103.8 
105.4-

110.7 
105.6-

107.9 
103.6-

107.4 
  

Determination the SEPA copper, lead, zinc, cadmium, nickel, chromium standard 

reference material GSBZ-5009 - 88, the measured values are within the standard value, the 
results are shown in Table 2. 
Table 2 Determination of standard substances 

Standard 

reference 

material 

Element Standard 

values (μg / 
L) 

Measured 

values (μg / 
L) 

  
GSBZ-5009-88 
  

  
Cd 

 
5.2 7 ± 

0.38 

 
4.99 

Certain amount of copper, lead ions interfere with the determination of cadmium, 

sodium pyrophosphate and high concentration of potassium borohydride solution can 

effectively overcome the interference of copper, lead ions produced cadmium determination. 
Six, methods sources 
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Seven selenium (Se) 

7.1 Physical parameters 

Atomic weight:                                  78.960 
Ionization energy:                                  9.75 eV 
Hydride dissociation energy:                          3.5 eV 
LEVEL (eV) Wavelength (nm) 
196.09 0.000 - 6.323 
203.99 0.247 - 6.323 
206.28 0.314 - 6.323 
207.48 0.000 - 5.974 

7.2 standard stock solution 

(1) standard stock solution (1mg/ml): Weigh accurately taken SeO 2 solid powder 1.4050g, 
dissolved in water and diluted to 1000ml; or of high purity selenium powder 1.000 g 
accurately weighed was dissolved in 5ml of the solution of HNO 3, and then diluted with 

water to 1000ml. 
(2) Standard solution: prior to conducting the analysis required have been acidified 

deionized water standard stock solution was diluted. 
(3) or standard stock solution provided by the National Research Center. 
(4) the selenium standard series configuration, excellent pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid 
(Ml) 

Add selenium concentration 

of stock solution (0.1mg / L) 
(Ml) 

Fixed volume

(Ml) 
The 

concentration 

of the 

solution 
(Ug / L) 

Std0 10 0 100 0
Std1 10 1 100 1
Std2 10 2 100 2
Std3 10 4 100 4
Std4 10 8 100 8
Std5 10 10 100 10
Single standard automatic grading curve

Std5 10 10 100 10
Notes: 

1,     The measured Se Usually requires high acidity of 5 to 20% hydrochloric acid, 
selenium the tetravalent Se and hexavalent selenium, the instrument can only be 



measured tetravalent selenium, the high acidity can quickly restore the hexavalent 

selenium tetravalent Se. 
2,     Preparation of standard stock solution concentration to strict requirements sample 

dissolution with nitric acid, selenium can cause the loss due to evaporation of 

hydrochloric acid. 
(5) the standard curve (for example) 

 

7.3 standard analysis conditions 

Reducing reagent:                                       1.5% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Tetravalent 
Standard acidity:                                        10-20% (V / 

V) HCl 
Carrier liquid: 2% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 

The image part with relationship ID rId11 was not found in the file.



A (B, C) Road, the main lamp current (mA) 40 
Road assist lamp current (mA) 40 A (B, C) 

7.4 Samples Summary 

Water samples: 
Se, Te two elements of the water available La (OH) 3 precipitate was reached after 

preconcentration, For detecting two elements of Se, Te, as long as the precipitate was 
dissolved in HCl in the can. 
Geochemical samples:  

The sample is dissolved in HNO 3 and H 2 SO 4 mixture, and the solution was heated to 
white smoke to emerge after the water rinse the beaker wall and allowed to cool, and then 

again heated to its to boiling.Until the salt is dissolved, the solution was transferred 

to a volumetric flask.Pipette the solution 1ml, plus 4ml 2mol / L HCl (containing 1.25mg/ml 
of Fe (3 +) salt) for hydride generation, and AFS were detected.When analyzing complex 
samples, you must use the standard addition method. 

7.5 Interference and Elimination 

The presence of Cu and Bi will seriously interfere with the Se detection, Au, Pd, Ag, 
etc. will also have some interference. 
When less than 50 ug / ml concentration of Cu or Bi, the interference caused can be 
eliminated by adding Fe (3 +) salt, the same time of Fe (3 +) the presence of salt can also 
improve the allowable concentrations of the other elements.Other hydride-forming elements, 

in the content thereof is not more than 10 μ g / ml of the case does not affect detection of 
the Se. 

Using conventional quartz atomizer hydride generation - atomic absorption spectrometry 
observed the elements Sn Se interference, atomic fluorescence spectrometry undiscovered. 

If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 

7.6 Application method compilation 

  



7.6.1 La (OH) 3 coprecipitation hydride atomic fluorescence spectrometry 

determination of potash effective selenium 

  
First, the method summary 

Potash chemical called potassium chloride, is one of the three elements of chemical 

fertilizers, which promote the formation of plant proteins and carbohydrates enhance 

lodging resistance, widely used for field crops and economic crops base fertilizer and 

top dressing.To human The 21st century, more and more attention to their health, after 
years of research found that subtle role of trace elements in vivo, many trace elements 

were very low, but it is a biological indispensable.Once the content is high a value, it 

will put the organism produces adverse effects in clinical and other studies have found 

that selenium especially biological human health.The right amount of selenium may reduce 

the incidence of cancer and cardiovascular disease, but the high content of selenium can 

cause toxic lesions.The potash has been widely used for field crops and economic crops 

base fertilizer and top dressing, effective selenium in potash will be absorbed by crops, 

is directly related to human health, and thus effective selenium is particularly 

important in the accurate determination of potash for selenium Determination of multi-

flame atomic absorption spectrometry, but low sensitivity; palladium as improver graphite 

furnace atomic absorption method is more troublesome, and the sensitivity is not high.In 

this paper, lanthanum hydroxide coprecipitation agent regulation potash dissolved in the 

aqueous solution PH8.5 about precipitation separation effective selenium precipitate 
dissolved in hydrochloric acid, using hydride atomic fluorescence spectrometry 

determination.Experiments show that the method is of high sensitivity, good 

reproducibility and reliable measurement results, quick and simple operation feasible. 
Second, reagents 

Selenium standard solution: Weigh take the 1.0000g high purity selenium powder 100mI 
beaker, adding l0mL HNO 3 heated in a water bath dissolved, moved into 1000mL volumetric 
flask, dilute with water to volume, mix, this solution containing lmg / mL Se.Draw the the 
the lmg / mI selenium standard solution lmL shifted 1000mL volumetric flask (1 +1) HCl30mL 
rushed to the mark with distilled water, shake, This solution 1.00ug/mL of Se. 

KBH 4 solution: Weigh taken 3.0g of potassium borohydride (AR) in the 250mL beaker, add 
1.0g KOH, was added 200mL distilled water and dissolved, the concentration of the solution 
of 15 g / L, the solution was now use the existing service. 

LaCl 3 solution: Weigh taken 1.328La 2 O 3 (AR), 100mI beaker, the number of added 
dropwise (1 +1) hydrochloric acid was dissolved, red to 100mI volumetric flask with 
distilled water save backup this solution concentration of 20g / L . 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

In a 100-mL volumetric flask was added selenium standard solution of 1ug/mI 0, 0.50, 
1.00, 2.00, 3.00, 4.00, 5.00, 8.00, 10.0mL, each volumetric flask were added concentrated 
HCL50mI, and under the selected experimental conditions The fluorescence intensity was 
measured. 



To said fetch potassium 10.00g in a 250mL beaker, add distilled water (distilled water by 
first heating should be kept about 8 0 ° C), about 100mL, and stirred to total 
dissolution, filtered while hot in other 250mL beaker, wash the filter paper with hot 
distilled 3 - 5 times.The filtrate was added 1 drop of phenolphthalein indicator, with a 
solution of 20% sodium hydroxide was adjusted to just red, adding 2 ml of lanthanum 
trichloride, placed 0.5h and then filtered, washed with distilled water to precipitate 5 - 
8 times, so that the hydroxide lanthanum salts on the surface was completely dissolved, 
and then 50% hydrochloric acid to dissolve the precipitate, until the precipitate was 

completely dissolved, it is transferred to a 25 ml volumetric flask to undershoot to scale, 
with a 50% hydrochloric acid, shake well, and place the flask on heated in a boiling 
water bath for 20min, cooling.With KBH 4 As a reducing agent.Under the selected 
experimental conditions, the fluorescence intensity was measured. 
V. Results and Discussion  

The author Cher Han different manufacturers potash were measured in accordance with 

the test method, the measurement results, RSD and standard addition recovery results 
shown in Table 1. 

Table 1 precision of the method and the standard addition recovery experiment 
Sample 

ID 
This Act 
(Μg / g) 

Mean

(μg / 
g) 

Added 

in an 

amount 
(μg / 
g) 

RSD 
(%) 

Determination 

of the total 

amount (μg / 
g) 

Recovery 
(%) 

# 1 of 
potash 
  
2 # of 
potash 

2.50 2.75 2.42 
2.53 2.55 2.65 
2.00 1.85 1.90 
1.97 1.90 1.91 

2.57
  
1.92 
  

4.00
  
2.00 

4.5
4 

  
2.8

2 

6.50
  
3.98 

98.25 
  
103 

  
HCI, H 2 SO 4 (except selenium), HCIO 4 , HNO 3, H 3 PO � and aqua regia the impact of 

the medium on the determination of selenium: H � SO � (except selenium), HCIO 4 is a good 
medium for determination of selenium, followed by the HNO 3, HCI and aqua regia, H 3 PO 4 
medium determination of low sensitivity, with the largest changes in acidity.However, the 

present experiments dissolved La (OH) 3 is precipitated H 3 PO 4, H 2 SO � (except selenium), 
HCIO 4 concentration, La (OH) 3 precipitate can not be sufficiently dissolved, and H 2 SO 4 
can also make the filter paper carbonation, the impact to the sample measurement; HNO 3 
can not make selenium restore, HCI is selenium good reducing agent.The experiments also 
show that appropriate to increase the acidity of the HCI is not only conducive to the 
hydrogenation reaction, but also can reduce the interference generated by the transition 

metal element on the hydrogenation reaction, and therefore in this experiment 50% of HCI 
medium. 

Lanthanum trichloride amount of choice is not high the potash in selenium content, 

this paper choose different amounts of 2% LaC1 3 solution is added to the solution of 10g 
potash dissolved, experiments show that the addition of 2% LaC1 3 solution of 2 - 10ml can 
completely analyte coprecipitation, and therefore choose to join the a 4mL LaC1 3 solution. 
Six, methods sources 
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7.6.2 Moringa seed selenium hydride generation atomic fluorescence assay 

  
First, the method summary 

The Moringa (Moringa oleifera) for Moringa Branch Moringa is a plant native to northern 
India, Kenya and Ethiopia, has been widely planted in tropical and subtropical regions of 

Africa, Asia, South America, Guangdong and Guangxi, Yunnan, Hainan and Taiwan were 

planted.Moringa whole plant can be exploited, roots and bark is a traditional medicine 

raw materials used for the treatment of diabetes, hypertension, arthritis, cancer and 

other diseases; Moringa flowers, leaves and tender pods are delicious and nutritional 

rich vegetables, dry seeds and seedlings dried roots can be crushed into powder as a 

seasoning, Moringa seed oil is used as cooking oil than olive oil is more beneficial to 

human health, a great value medicinal and edible plants owned .Selenium is an essential 

trace element, selenium deficiency can cause organ function disorders, suffering from 

Keshan disease, Kashin-Beck disease, cataracts, atherosclerosis, hypertension, cancer, 

animal experiments confirmed that selenium has the role of anti-carcinogens .In this 

paper, the hydride generation atomic fluorescence spectrometry the Moringa seeds selenium 

content was determined by high sensitivity, the operation is simple, fast, and accurate. 
Second, reagents 

Ferricyanide (100g / L), potassium hydroxide (5g / L), hydrochloric acid (GR, 37 ~ 38%), 
nitric acid (GR, 65 to -68%), sulfuric acid (of GR, 95 ~~ 98%), perchlorate (GR, 70 ~ 72%), 
hydrogen peroxide (25 ~ 30%), thiourea, oxalic acid, EDTA; 

The selenium standard stock solution (1g / L) provided by the National Research Center; 
Selenium standard solution (1 mg / L): the lessons lg / L selenium standard stock solution 

lmL, moved into l000mL volumetric flask, and 20% hydrochloric acid to volume, and mix 

this solution selenium lmg / L; 
Potassium borohydride solution (10g / L) preparation: l0g of potassium borohydride were 

weighed, dissolved in 100mL, 5g / L of potassium hydroxide solution, filtered, and now with 
advised temporary use; 

Unless otherwise specified, the reagents used were of analytical grade, experiments 

in doubly distilled water, all glassware with the l0% nitric acid for 24h, and rinse with 
water after use. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 working curve Pipette 0.0, 0.1, 0.2, 0.5, 1.0, 2.0, 3.0 mL the selenium standard 
working solution (1mg / L) in pre-filled with 12.5mL (1 +1) hydrochloric acid 25mL volumetric 
flask in a boiling water bath for 20min After cooling, the potassium ferricyanide 
solution (100g / L) 2.0mL, diluted with water to the mark, measure and draw the best 
instrument conditions of the working curve, using the standard curve method for the 

determination of selenium content in the samples. 
4.2 Sample pretreatment Moringa seeds were dried at 60 ~ 80 ℃ ground and through a 100 

mesh sieve, weighed 0.5g (accurate to 0.1mg) drying the sample in the beaker plus 4mL 
nitrate, soaked overnight, then add 1mL high perchloric acid, at the same time making the 
blank control, shake, brown-red smoke digestion on a hot plate to catch the best continue 

to heat until white smoke to take the best digestive juice to black (brown) color, 



additional nitrate, when the color changes clear pale yellow or colorless, and then 

continue heating to approximately 2mL must not be evaporated to dryness, let cool, add 
5mL (1 +1) hydrochloric acid and continue heating until the solution becomes clear and 
colorless and white smoke to take the best, the Se 6 + reduction for the SE 4 +, cooled to 
room temperature, and join l00g / L.Potassium ferricyanide 4.0mL, 50mL volumetric flask, 
spare a constant volume (1 +1) hydrochloric acid. 
V. Results and Discussion  

National standard tea, prepared by the method which selenium content measured results 

with the certified values (Table 1) show that the accuracy of this Law, the results are 
reliable. 

Table 1 standard substance sample analysis result (n = 5) 
Standard 

samples 
Standard values

(Μg / g) 
Applied to the 

determination 
(Μg / g) 

Recoveries 
(%) 

GBW08505
(Tea) 

  
0.04 1 ± 0.010 
  

 
0.039 ± 0.003

 
98.5 

The nitric acid / hydrogen peroxide, nitric acid / sulfuric acid and nitric acid / 
perchloric acid three digestive system tested.Found that weak nitric acid / hydrogen 
peroxide oxidation capacity of the acid system a long time to digest; nitric acid / 
sulfuric acid digestion system is too large due to sulfate selenium may cause results; 

system of nitric acid / perchloric acid, perchloric acid oxidation, the sample nitrate was 
added to soak overnight plus perchloric acid digestion safer slightly higher than the 

boiling point (130 ℃) perchloric acid or nitric acid (12 ° C), late in the digestion can 
be used to catch the best of nitric acid gas will make small selenium determination with 

Digestion effect the digestion of this method is good, acids with less low, blank, with 

good reproducibility, and therefore selection of nitric acid / perchloric acid digestion 
pretreatment.Digestive process, the samples were soaked overnight must cover the surface 

of the pan to reduce selenium volatilization loss; must be supplemented with nitric acid 

when digestive juice turns black or brown, the sample digestion completely and prevent 

sample carbonation.  
Interference and masking agent the amount of potassium ferricyanide atomic 

fluorescence spectrometry has strong anti-jamming capability, experiments selected 

elements such as Pb may be present in the elements can generate hydride and Moringa seed 
of Hg Cd, As interference testing, etc. due to the the Moringa seed content of these 
elements is very low, and does not generate interference on selenium determination.The 

ferricyanide is evident due to its ability to eliminate many of the determination of 

selenium metal interference, improve selenium measurement sensitivity, and can adapt to a 

wide pH range (1 to 6 mol / L), commonly used as a masking agent selenium determination.The 
tests showed that by adding a higher concentration of hydrochloric acid under conditions 
l00g / L potassium ferricyanide solution was within the range of 1.0 ~ 2.5mL, can eliminate 
the other present in the sample such as the interference of the elements Zn, Cu, Mn, etc., 
the fluorescence intensity is relatively stable and high sensitivity, therefore, this 

experiment 2.0mL as an added amount. 
Six, methods sources 
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7.6.3 hydride generation atomic fluorescence spectrometry determination of 

organic selenium and inorganic selenium in selenium-enriched yeast 

  
First, the method summary 

Selenium is an essential trace element in humans and animals, and has a variety of 

important biological functions.The morphology of the selenium affect the play of the 

selenium absorption and biological effect in animals.The studies show that the toxicity 

of inorganic selenium, low biological activity, environmental pollution; small organic 

selenium toxicity, absorption rate, high bioavailability, in the range of meet the 

animal's growth and development of the desired amount of addition is substantially no 

contamination to the environment.Therefore, the development of organic selenium product 

is one of the current research focus, which is rich in organic selenium yeast the 

selenium supplement products for people and animals, more and more attention.Study the 

working conditions of the instrument, reagents for selenium determination; explore the 

the digestion reagent sample digestion and interfering ions and eliminate.Optimized 

operating conditions, the detection limit of selenium was 0.078 ug / L, the relative 
standard deviation was 0.45%, the linear range of 0 to 100 ug / L.Application of the method 
to detect the total selenium content as high selenium yeast 1.40 ~ 3.20 mg / g;, organic 
selenium content of 1.30 ~ 2.97 mg / g, the recoveries were 95.4% -104.3%. 
Second, reagents 

Selenium standard stock solution: lessons 5 mL 100 ug / mI selenium standard solution 
(National Research Center), set the volume to 50 mL of 0.05 mol / L hydrochloric acid 
solution.Different concentration solution by standard stock solution preparation; 

2% solution of sodium borohydride (0.5% NaOH); 10% solution of potassium ferricyanide; 
Nitric acid, hydrochloric acid, perchloric acid, sodium selenite above reagents were 

the excellent pure or analytical grade; 
Experiments with water three times distilled water. 

Third, the test conditions 
To see selenium standard analysis conditions 

4, experimental methods  
4.1 Preparation of standard curve 0.000, 20.000, 40.000, 60.000, 80.000, 100.000 ug / L 

standard working solution, respectively, plus 10% potassium ferricyanide solution 1 mL 
with l0% HCI solution constant volume, in most experiments selected The standard curve, 
good working conditions and sample measurement. 

4.2 selenium-enriched yeast sample analysis of selenium-enriched yeast sample 
processing: is accurately weighed homemade high selenium yeast powder and 2 parts Zellers 
selenium (United States, Allteeh our products, the trade name Sel - Plex selenium content of 1 
000 ug / g) 0.1000 g in 250 mL Erlenmeyer beaker, add l0 mL HNO 3 + HC10 4 (1:1) mixed acid and a 
few grains of glass beads, Stopper overnight cold digestion.The next day at the hot plate 

heating, and promptly mixed acid additional heating was continued until the solution is 

clear, the volume of the solution was then heated to approximately About 2 mL.Cooling, 
then add 5 mL 6 mol / L HC1, and continue to heat until the solution becomes clear.Cooling, 
appropriate dilution of the digestive juice, take a certain amount transferred to a 25 mL 



volumetric flask, add l mL of 10% potassium ferricyanide solution, a constant volume with 
l0% of the HC1 solution, while doing the blank experiment. 

Determination of organic selenium enriched yeast: take Tris buffer liquid-glycerin 
extraction separation of organic selenium and inorganic selenium.The sample processing 

ibid.Using subtraction - that is, with the total amount of selenium yeast minus inorganic 

selenium content of organic selenium content. 
V. Results and Discussion  

5.1 Determination of the content of selenium in selenium-enriched yeast selenium 
prepared four kinds of selenium-enriched yeast and 2 copies of Selenium in Zellers the 
analytical results are shown in Table 2.It can be seen that the atomic fluorescence and 
atomic absorption method are two ways to detect very close to known samples Zellers 
selenium (selenium content of 1.000 mg / g) of selenium content and the actual labeled amount, 
description of the content of selenium in the analysis of samples of this Act the result 

is authentic.The inorganic selenium high selenium yeast and Zellers selenium samples were 

measured on subtraction of organic selenium content, the results are shown in Table 3.Seen 
from the table, the content of organic selenium enriched yeast 9l%, consistent with the 
reported values.Yoshida using high performance liquid chromatography inductively coupled 
plasma mass spectrometry analysis of enzymatic hydrolysis of high-selenium yeast extract, 

found that 74.8% of high-selenium yeast selenium methionine, 9.9% selenium cystine, and 5.1% 
sodium selenite l0.2% of at least three kinds of unknown diselenide.So, by the subtraction 
of organic selenium content can not be completely true reflection of the content and type 

of organic selenium enriched yeast accurate.  
Table 2 Determination results of selenium content in the selenium-enriched yeast 

Samper HG-AFS / (mg / g) HG-AAS / (mg / g)

No.1 
No.2 
No.3 
No.4 
Sel-plex 
Sel-plex 

1.402 
2.140 
2.829 
3.201 
1.023 
1.031 

1.423
2.160 
2.850 
3.224 
1.040 
1.049

  
table 3 Determination results of organic selenium and inorganic selenium in the selenium-enriched yeast 

Samper Total sclenium 
(mg / g) 

Organic selenium 
(mg / g) 

Inorganic 
selenium (mg / 
g) 

Organic Se / 
total Se (%)  

No.1 
No.2 
No.3 
No.4 
Sel-plex 
Sel-plex 

1.402 
2.140 
2.829 
3.201 
1.023 
1.031 

1.305
1.979 
2.594 
2.71 
0.935 
0.951

0.097
0.160 
0.235 
0.231 
0.088 
0.080

93.1 
92.5 
91.7 
92.8 
91.4 
92.2 

  
5.2 standard addition recovery experiments take four high selenium yeast samples and 

Zellers selenium samples were added different amounts of selenium standard 

solution.Sample digestion method in accordance with the experimental part, restore and 

determination, the results obtained are shown in Table 4 Table 5.From Table 4 shows, the 
the sample total selenium recovery of 95.4% to 104.3%; Table 5 samples of inorganic 



selenium recovery rate of 95.7% to 103.3%.The view from the spiked recovery experiments, 
organic selenium content of the samples by subtraction authentic. 

Table 4 The recoveries of total selenium in the samples 
  

Samper Content of total 
selenium (ug / 
L) 

Added
(Ug / L) 

Total found (ug / 
L) 

Restore 
(%)  

No.1 
No.2 
No.3 
No.4 
Sel-plex 
Sel-plex 

35.3 
53.49 
70.72 
80.03 
25.58 
25.78 

40.00
60.00 
80.00 
80.00 
20.00 
20.00

74.22
114.24 
149.35 
156.36 
46.34 
46.64

98.0 
101.0 
98.3 
95.4 
103.8 
104.3 

  
Table 4 The recoveries of lnorganlc selenium in the samples 
  

Samper Content of total 
selenium (ug / 
L) 

Added
(Ug / L) 

Total found (ug / 
L) 

Restore 
(%)  

No.1 
No.2 
No.3 
No.4 
Sel-plex 
Sel-plex 

24.17 
40.12 
58.70 
57.70 
21.89 
20.11 

20.00
40.00 
60.00 
60.00 
20.00 
20.00

43.02
80.60 
116.56 
112.64 
42.56 
41.43

97.4 
100.6 
98.2 
95.7 
101.6 
103.3 

  
Six, methods sources 

Analytical Science Volume 22, 2 

7.6.4 hydride generation atomic fluorescence spectrometry determination of 

trace amounts of selenium in marine organisms 

  
First, the method summary 

Nitric a perchloric acid processing of samples, hydride generation atomic 

fluorescence spectrometry determination of trace amounts of selenium in marine organisms, 

in selected experimental conditions, the detection limit was 3ug/kg; carried out a large 
number of marine organisms sample determination, the recovery rate of 84.5% -117%, the 
relative standard deviation of 0.14% to 7.43%, results consistent with the reference 
value. 
Second, reagents 

Nitric acid, perchloric acid, hydrochloric acid are excellent pure;  
Mixed acid: nitric acid + perchloric acid (4 +1); 
Potassium hydroxide: excellent pure; 
Potassium borohydride solution (5g / L): said take 3.00 gKOH was dissolved in 200 mL of 

pure water, and dissolved by adding 6.00 gKBH 4 Continue to dissolve and diluted to 600 ml 
with pure water, use if precipitate was filtered, now equipped with; 



Selenium standard solution (100 ug / mL): National Center for standard material; 
Selenium standard solution (1.00 ug / mL): draw a standard solution of 5.00 mL 500 mL 

volumetric flask (I +4) HCL constant volume, and mix.This concentration is 1.00 ug / mL. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 Preparation of standard curve Pipette using liquid (1.00ug/mL) 0.0, 0.10, 0.20, 
0.50, 1.00, 2.00, 4.00, 8.00 mL colorimetric tube in 50.0 mL volumetric flask.This solution 
concentration: 0.0, 2.00, 4.00, 10.0, 20.0, 40.0, 80.0, 160.0ug / L,; 25.0 mL 6 mol / L 
hydrochloric acid were added, plus pure water volume to 50. 0 mL, and mix.Made the standard 
working curve. 

4.2 Sample Handling and digestion 
Dry sample or semi-dry samples: Weigh take the mashed marine organisms samples of 0.1 

to 1.0 g. 
Wet sample: Weigh take mashed marine organisms, 1.0 to 2.0 g sample in 150 mL Erlenmeyer 

beaker, add 10.0 mL of mixed acid and glass beads, covered with small funnel cold digestion 
overnight.The next day heated on the hot plate (approximately 130 ° C), and the timely 
additional mixed acid (5 mL), and the solution becomes clear and colorless, and is 
accompanied by white smoke.Then continue heating to a residual volume of about 7 mL, must 
not be evaporated to dryness, cooling.Plus 5 mL 6 mol / L hydrochloric acid, and heating 
was continued until the solution becomes clear and colorless, and accompanied by white 

smoke appears, the hexavalent selenium reduced to tetravalent Se, cooling, the whole 

amount was transferred to a 100 mL volumetric flask constant volume.Blank test.Pipette 10 
mL samples digestive juice in 50 mL colorimetric tube, add 25 mL 6 mol / L hydrochloric acid, 
plus pure water volume to 50 mL, mix, be tested. 
V. Results and Discussion  

Precision test of the country the standard substance GBW08571 mussel powder sample 
digestion methods, repeated six times in the determination, as shown in Table 1. 

Table 1 precision test results 
Standard 

material 
Standard 

material 

code 

Measured 

values 
(Mg / kg) 

Mean (mg 
/ kg) 

RSD
(%)  

Standard 

values 
(Mg / kg) 

  
  
Mussel 

powder 
  
  

  
  
GBW08571 
  
  

3.64
3.67 
3.73 
3.70 
3.57 
3.60 

 
  
3.65 

  
  
  

 
  
1.66 
  
  

  

  
  

3.6 5 ± 

0.17 
  
  
  

  
  
Mussel 

powder 
  
  

  
  
GBW08571 

3.59
3.70 
3.77 
3.81 
3.72 
3.63 

 
  
3.70 

 
  

2.31 

  
  

3.65 ± 

0.17 

  



Six, methods sources 
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7.6.5 selenium Atomic Fluorescence Spectrometry 

  
First, the method summary 

Contains many trace elements in human hair, blood 1-100 times, including Cu, Zn, Fe, 
Pb, Se, and understanding of the body lack of trace elements can be detected in hair.By 
hydride generation atomic fluorescence spectrometry determination of selenium in human 

hair, and conducted a survey of the selenium content in healthy people and patients with 

hair.Atomic Fluorescence Spectrometry in Human Hair selenium content, health (100) The 
average content of selenium in the hair 0.58 ~ 0.65ug / g; such as heart disease, high blood 
pressure in patients with cancer disease (50) hair selenium The average content of 0.21 - 
0.4ug / g.The results show that: the average selenium content such as heart disease, high 
blood pressure in patients with the cancer patients was significantly lower than normal 

people.The relative standard deviation was 5.29%, the method is simple, fast, and 
accurate. 
Second, reagents 

Reagents: All reagents were excellent pure;  
Selenium standard solution: high purity selenium powder was accurately weighed in the 

beaker, adding a small amount of water, 5 mL HCI, 1 mL HNO 3.Warm dissolved, transferred 

to a 500 mL volumetric flask, and then with 16% (by volume) HCI gradually diluted to 100 ng / 
mL selenium working solution; 

KBH 4 Solution (10 g / L): Weigh 10 g KBH 4 Dissolved containing 2% (volume ratio) NaOH 
solution; 

Mixed acid: HNO of HClO (volume ratio 4:1); HC1; deionized water. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 working curve with 100 ng / mL selenium working solution dubbed 0.0, 2.0, 4.0, 6.0, 
8.0, 12.0, 16.0 ng / mL standard solution in the 0 - 16 ng / mL range linear correlation 
coefficient r = 0.999 8 . 

4.2 collection and preparation of samples collected with a stainless steel scissors 
occipital away from the scalp 1 - 2 cm at no dyed hair about 1 g hair cut about 5 mm long 
hair debris will be collected, placed in 10% (by volume) Rejoice shampoo soak 30min, washed 
with tap water until no foam, washed with deionized water twice, drain and bake in the 
oven at 60 ℃ for 24 h, after cooling, said to take 0.2 - 0.500 0 g in a 50 mL beaker, add 10 
mL mixed acid digestion to 0.5 - 1 mL, remove the cooling, ionized water transferred into 
10 mL colorimetric tube, add 0.8 mL HCI, diluted with deionized water to volume, and mix, 
heated on a hot plate, under test. 
V. Results and Discussion  

5.1 mixed with hair samples according to the method of determination of operation 6 
parallel experiments, calculate the relative standard deviation (RSD) = 5.29%, said the 
people baking powder Standard HHS - 1 Sample 2 copies, test results (ω (Se)) of 0.64 × 10 -6 
its reference value (0.61 ± 0.046) × 10 -6 , The accuracy of the method is good. 



Se 5.2 coexisting element is mainly Cu, Pb, Ni, As, Sb, Ag, and 0.1 g / mL in 10 mL 10 ng / mL 
Se standard solution was added iron potassium ferricyanide (K 3 Fe (CN 6)), eliminate Cu 25ug, 
Pb 5 ug, Ni 600 ug, As 100 ug, Sb 100 ug, Ag 0.5ug interference measurement of Se.Little 
interference element content measured samples above, generally will not exceed the 

allowable amount. 
5.3 selenium content of human health, the relationship has collected 150 cases of 

Guilin, ages 45 to 80-year-old crowd hair samples, upon inquiry, the physical condition of 
the people send samples to determine the 100 cases of healthy subjects, 50 cases of 
disease (20 cases of hospitalized cancer patients, and the rest of the hospital diagnosis 
proof), hair selenium determination.The results showed that the selenium content was 
significantly lower in patients with  
Healthy people, healthy people 45 - 80 years old hair selenium average less female 
selenium mean lower than men's, heart disease and high blood pressure patient hair 

selenium mean less, its value is higher than the cancer patients; liver, stomach, hair 

selenium lowest lung cancer patients.According to the literature, the average content of 

selenium in the blood of cancer patients for 77.4 4 ± 11.1 ng / mL, and the average healthy 
human blood selenium content was 114.6 ± 11.2 ng / mL, the hair and blood of cancer patients, 
is in the lack of selenium status. 
Six, methods sources 

Guilin Institute of Technology Volume 26 4 October 2006 

7.6.6 salt selenium hydride generation - atomic fluorescence spectrometry 

  
First, the method summary 

The aim is to find a high sensitivity, accurate, reliable, simple and rapid salt 
selenium analysis method.The salt samples directly Weigh, add water, constant volume, 

absorb the salt solution add hydrochloric selenium by hydride generation atomic 

fluorescence spectrometry determination of salt, heated in boiling water.The linear range 

of 0.5-400ug / L, r = 0.999 5, the minimum detectable concentration of 0.08 ug / L, RSD between 
1.77% -3.96%, the range of recoveries between 95.7% -102.8%.Conclusion The method is 
sensitive, sampling less wide linear range, accurate, reliable, easy to operate and fast, 

experiment, less environmental pollution, is conducive to the health of the operating 

personnel, is an ideal salt selenium content analysis method. 
Second, reagents 

Solution of potassium borohydride (KBH 4): Weigh 8.0 g of potassium borohydride was 
dissolved in 2g / L of potassium hydroxide solution, to set the volume to 1 L with purified 
water, the solution concentration of 8 g / L, now with the use; 

Hydrochloric acid (superior grade pure); 
Potassium ferricyanide solution: Weigh 10.0 g of potassium ferricyanide [K 3 Fe (CN) 6], 

dissolved in 100 ml of water, diluted to 100 g / L potassium ferricyanide solution, now when 
equipped; 

Selenium standard stock solution: standard solution (GSBG62029 --- 90 purchased 
material from the National Institute of Standards and selenium 1000 ug / mL), suction 10.0 ml 
of this solution in a 100 ml flask, 6mol / L hydrochloric acid diluted 100ug / ml of selenium 
standard stock solution; 



Selenium standard solution: suck selenium standard stock solution of 1.0 ml diluted 
with water to the mark in a 100 ml flask, to dubbed 1.0ug/mL selenium standard solution. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 standard series were prepared Imbibe selenium standard use liquid 0, 0.1, 0.2, 0.4, 
0.8, 1.0 mL of set 10 mL volumetric flask, add water a little each with concentrated 
hydrochloric acid and 1.0 mL in boiling water heating 5min.After cooling, respectively. 100 
g / L potassium ferricyanide 1.0 mL with deionized water and set the volume to the 
mark.Standard series concentrations were 0, 10.0, 20.0, 40.0, 80.0, 100.0ug / L. 

4.2 accurate Weigh 0.50 - 1.00 g of selenium salt samples, and placed in a 50 mL 
volumetric flask, the constant volume of deionized water.Absorb the hydrochloric acid 

solution, 5.0 mL in 10 mL volumetric flask or centrifuge tube, add concentrated 
hydrochloric acid and 1.0 ml.Heated in a boiling water bath for 5 min After cooling plus 
potassium ferricyanide 1.0 mL with deionized water and set the volume to the mark, be 
tested. 
V. Results and Discussion  

Determination of selenium salt in Qinghai and Sichuan selenium salt were added the 0.3 
and 0.5ug selenium standard.The results show that the recoveries ranged from 95.7% to 

102.8%, with an average of 98.7% and 98.6%, respectively. 
Table 1 hydride generation atomic fluorescence spectrometry determination of the selenium 
salt of Qinghai and Sichuan selenium salt recoveries (n = 10) 

Sample Background 

values (μg) 
Spiked 

values (μg) 
The 

measured 

value (μg) 

Recovery (%) 

Qinghai 

selenium 

salt 
Sichuan 

selenium 

salt 

6.344 
4.924 

0.30
0.50 

6.64 0 ± 

0.031 
5.417 ± 

0.034 

98.7 
98.6 

  
Applied to the determination brine selenium using ferricyanide to do masking agent 

can significantly eliminate a variety of heavy metals (Cu, Ni, Pd, Pt, Sn, etc.) 
interference.The 16 cationic proved, Fe, Ni, Pb, Zn, Cu, As, Sb, Cd, Si, Hg, Co, Ag, Ru, 
Pt, Au, Pd ion, in 2 mL of solution in a certain concentration, does not interfere with the 
determination of selenium 0.02g.Proved potassium ferricyanide itself has no effect on the 
fluorescence intensity.So, selenium standard series, you can not add potassium 

ferricyanide. 
Selenium salt is provided by the manufacturers and endemic diseases department sodium 

selenite, in strict accordance with the provisions of the content of the endemic diseases 

requirements added salt, logically directly said sample without digestion can be measured 

only due to the impact of the production, transportation, storage, marketing and other 

aspects of the selenium salt, table salt Selenium some changes measured must be according 

to the requirements of this method, add hydrochloric acid is heated in a boiling water 

bath to make table salt hexavalent selenium completely reduced to tetravalent selenium, 
otherwise it would determine the result of the low.Plus selenium selenium salt production 



process, using spray mixing method, due to the high volume of industrial production as 

well as salt granularity size will be uniformity of produce selenium.Selenium salt 

samples weighed must stir evenly, otherwise it may affect the reproducibility of the 

measurement results. 
Six, methods sources 

Journal of Environment and Health 23 July 2006 4 

7.6.7 microwave digestion-hydride generation atomic fluorescence spectrometry 

determination of arsenic and selenium in the soil 

  
First, the method summary 

Arsenic is a toxic pollution elements in the environment, arsenic contamination of 

soil, crops cut, long-term consumption of arsenic contamination of food, vegetables, 

fruits, etc. can cause chronic arsenic poisoning.Selenium, and animal and human health is 

closely related to soil selenium deficiency can cause crop selenium deficiency, and thus 

affect human health, but the human body the selenium overdose may cause selenium 

toxicosis.Different analytical methods digestion method for determination of arsenic and 

selenium in the soil are generally separate determination of arsenic in the soil more, 

spectrophotometry, hydride generation atomic absorption spectrometry, graphite furnace 

atomic absorption spectrometry.Spectrophotometry operation is more complicated, 

influenced by many factors, hydride generation atomic absorption spectrometry although 

the sensitivity is higher, but the need for special equipment, operating conditions is 

more difficult to control, and graphite furnace atomic absorption spectrometry need to 

solve the problem of matrix interference .Determination of selenium in the soil more 

fluorometry, hydride generation by atomic absorption spectrometry. 
Aqua regia (1 +1) for digestion agent, soil samples by microwave digestion method, 

hydride generation atom fluorescence spectrometry determination of arsenic, selenium soil, 

set the best conditions of sample handling and instrument measurement conditions .Spiked 

recovery test, and validation of analytical method.Detection limit of arsenic, selenium, 

respectively 0.9ug / L, and 0.15ug / L.Determination of arsenic, selenium soil recoveries were 
90% - 105%, 89% - 104%, RSD were 2.2% 4.00% 1.9% 3.1% 
Second, reagents 

Used glassware before using nitric acid (1 +4) soaked overnight, remove rinsed with 
deionized water, spare; 

National the standard substances Center developed the single-element standard 

solution (Se, As) are 1000mg / L; 
Used are excellent pure acid, and other reagents were of analytical grade; 
Ultrapure water, the conductivity of water was prepared by Millipore pure water 

mechanism to achieve 18.2MΩ · cm; aqua regia (1 +1); 
5% of thiourea - 5% ascorbic acid mixture; 
A 0.5% sodium hydroxide solution of 15% potassium borohydride, now with the temporary 

use when. 
Third, the test conditions 

To see selenium standard analysis conditions 



4, experimental methods  
4.1 Calibration curve drawing Imbibe arsenic, selenium standard solution (concentrations 

were: the the of As l000ug / L Se 50ug / L): (As) 0.00, 0.50, 1.00, 2.00, 4.00, 8.00mL; (Se), 
0.00 , 0.50, 1.00, 2.00, 4.00, 8.00mL placed in a 50-mL volumetric flask, diluted with 5% 
hydrochloric acid solution to the mark, shake, preparation of a concentration (As) 0.00 
l0.00, 20.00, 40.00, 80.00, 160.00; (Se) 0.00, 0.50, 1.00, 2.00, 4.00, 8.00ug / L series 
standard solution, operating procedures in accordance with the instrument tuned 

instrument conditions, measured series of standard solutions. 
4.2 sample handling and determination that learn air-dried, crushed (through 100 mesh) 

soil samples 0.2500g (accurate to 0.0001g) in the digestion tank, add 3mL aqua regia (1 +1), 
to cover sealing cap will digest cans release microwave digestion system, the optimum 

conditions set soil digestion to digestion completely removed after cooling to room 

temperature, transferred to a flask, and placed in a 16 0 ° C on a hot plate heated to 

decomposition white smoke take until the beaker do, to the solution remaining 

approximately 5mL removed coolish added after 6mol / L hydrochloric acid solution, 10ml, 
heated to boiling for 3 - 5min, removed, and cooled to room temperature and then filtered, 
washed with 5% hydrochloric acid solution volume to 50mL. 

Tuned instrument instruments and operating procedures, work conditions, the 

determination of selenium, blank test at the same time to do the whole program.Lower 

selenium content of the soil, the sample can be directly measured the arsenic content of 

selenium from tens to hundreds of times higher, the determination of arsenic cancel 

Hydrolysate 5mI in 50mL colorimetric tube, add 50g / L thiourea ascorbic acid mixed 
solution of 10 ml of concentrated hydrochloric acid 5mL, diluted with water to 50 mL, 
reaction about 20min after the instrument operating procedures, adjusted the instrument 
working conditions, the determination of arsenic, while doing The full procedure blank 

test. 
4.3 microwave temperature and time selection 
This experiment directly monitor the temperature.Said the foundation to take several 

soil samples (0.2500g) were placed in the digestion tank, adding 3mL (1 +1) aqua regia 
digestion solution, different digestion time, temperature experiments in considering the 

volatile characteristics of arsenic and selenium on the experiment using gradient warming 

digestion procedure (Table 1), with a low temperature (10 0 C) microwave heating l0min, of 
temperature (16 0 C), in the microwave heating 20min, and the effect is good. 

Table emblem waves digestion procedure 
Procedure Power 

(W) 
Exhaust 

volume 
(%)

Climbing 

Time 
(min)

Temperature

(℃) 
Retention 

time 
(min) 

1 
2 

1200 
1200 

100
100 

5
3 

100
160 

10 
20 

  
V. Results and Discussion  

According to the experimental method, the standard soil samples (NO GSS 8) subjected 
to a spike recovery test, calculate the recovery, the results are shown in Table 2.Seen 
from Table 2, arsenic, selenium recoveries were 90% 105% 89% 104%, the relative standard 
deviation of the measured results of 2.2% to 4.0%, 1.9% and 3.1%, respectively, indicating 
that the accuracy of the method and higher precision. 



Table 2 spiked recovery test 
Analyte Background 

values 
(μg / g) 

Spiked 

values 
(μg / g) 

Measured 

values 
(μg / g) 

Recovery 
(%) 

RSD 
(%) 

  
As 
  
  
Se 

  
12.7 
  
  
0.12 

1
2 
4 
0.05 
0.1 
0.2

13.63
14.94 
16.13 
0.18 
0.21 
0.33

105
90 
101 
90 
89 
104

3.1. 
2.2 
4.0 
1.9 
3.1. 
2.8 

  
± the SEPA standard sample Institute standard samples (No. 8 GSS) for analysis, and 

the results are listed in Table 3.As shown in Table 3 shows, the measured values are 
within the standard value. 
Table 3 standard sample analysis 

Analyte The standard 

Sample No. 
(μg / g) 

Standard 

values 
(μg / g) 

Measured 11 times 

the average (μg / 
g) 

RSD (%) 

As 
Se 

GSS-8 
GSS-8 

12.7
0.12 

12.9
0.11 

2.2 
1.6 

  
Six, methods sources 
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7.6.8 microwave digestion atomic fluorescence spectrometry method for the 

determination of selenium in selenium-enriched yeast 

  
First, the method summary: 

Create Application microwave digestion atomic fluorescence spectrometry determination 

of selenium enriched yeast.By microwave digestion in hydrochloric acid medium, selenium 

and sodium borohydride to generate hydrides conditions, factors affecting the 

fluorescence intensity test and.Results: The content of selenium in the range of 0 ~ 30 g / L 
showed a good linear relationship, the correlation coefficient r = 0.9995, the selenium 
limit of detection (3 σ) of 0.10 g / L, spiked recovery was 98.4% ~ 100.4%, the relative 
standard deviation (SD) (n = 6) is less than 2.7%.Conclusion: The method has high 
sensitivity, low detection limit and interference of coexisting ions, wide linear range, 

quick and easy method, etc.. 
Second, reagents 

Nitric acid, hydrochloric acid, hydrogen peroxide (both excellent pure); 
Sodium borohydride solution: 20 g / L, said take borohydride sodium (AR) 200 g was 

dissolved in 5 g / L in 1 L of sodium hydroxide solution, the current now equipped; 
Potassium ferricyanide solution 100 g / L: said to take 10 g of potassium ferricyanide 

dissolved in 100 mL volumetric flask and dissolved in water to volume, shake; 
Selenium standard stock solution: 100 mg / L (National Research Center); 



Selenium standard solution: selenium standard stock solution is serially diluted to a 

use solution of 100ug / L. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 Sample pretreatment high selenium yeast 0.1 g weighed (accurate to 0.0001 g) in PTFE 
digestion vessel plus nitrate 4mL, hydrogen peroxide, 1 mL microwave digestion system, 
digestion, digestion is completed, with electronic temperature control electric hot plate 

heated rid of nitric acid, 
Then heating was continued to a residual volume of about 2 mL, plus the amount of water, 
and then rush nitrate, must not be evaporated to dryness.Cooling, coupled with 

concentrated hydrochloric acid and 20 mL, heated to boiling to make the hexavalent 
selenium reduced to tetravalent selenium, cooled and transferred to a 100 mL volumetric 
flask, dilute with water to volume, set the volume to shake.Draw Digestive juice 2 mL 
sample in 25 mL volumetric flask, add concentrated hydrochloric acid and 5 mL potassium 
ferricyanide solution 2 mL, diluted to the mark and mix stand-blank test. 

4.2 Microwave Digestion choice of the working conditions 
In addition to digestion reagent, sample digestion effects associated with conditions 

of microwave digestion experiments selected by microwave digestion conditions (see Table 1) 
to obtain a satisfactory digestion. 
Table 1 Microwave Digestion parameters 

Stage Maximum 

Power 
(W) 

The gradient 

heating up time 
(Min) 

Control 

temperature 
(℃) 

Hold Time 
(Min) 

1 
2 
3 

300 
300 
300 

5:00 
3:00 
3:00 

120
150 
170-180 

/
5:00 
10:00 

  
4.3 standard curve to take 100 ug / L selenium standard solution 10mL 100 mL volumetric 

flask, add concentrated hydrochloric acid and 20 mL of potassium ferricyanide solution 8 
ml, add water to volume, and mix stand at the concentration of selenium standard solution 
10 g / L, selenium standard series of 0.0, 2.0, 4.0, 6.0, 8.0, 10.0 ug / L, set, continuous 
injection standard series of blank (concentration 0.00), to be reading to stabilize, 
transferred to a standard the determination of the series, the standard curve, and 

transferred to the sample and reagent blank determination measured is completed, using 

computer software to calculate measurement results. 
V. Results and Discussion  

Measured by experimental methods, and 4 samples spiked recovery experiment (n = 6), the 
recovery rate of 98.4% to 100.4%, the relative standard deviation (RSD) of less than 2.7%, 
the measurement results are shown in Table 2. 
The selenium analysis results in Table 2 Sample (n = 6) 

Sample 

No. 
Determination 

of the mean 
(μg / L) 

Plus 

scalar 
(μg / 
L) 

Spiked total

(μg / L) 
Recovery 
(%) 

RSD 
(%) 



1 
2 
3 
4 

2.31 
2.8 
2.56 
3.01 

4.00
2.00 
6.00 
2.00

6.21.2
480 
8.59 
4.96

98.4
99.6 
100.4 
99.0

2.3 
1.8 
2.7 
1.9 

  
Six, methods sources 

Chinese Journal of Health Laboratory in November 2006, 16, 11 

7.6.9 Application hydride generation atomic fluorescence spectrometry 

determination of selenium in food 

  
First, the method summary 

Selenium is an essential trace element, if the intake of too much or too little will 

cause harm to humans was enacted in order to protect human health and our food in 

selenium limits ≤ 0.3 mg / kg, Determination of selenium have colorimetry electrochemical 
method, fluorescence measuring method, etc., the main problems is the low sensitivity and 

the reagent unstable, complex operation.Application hydride generation atomic 

fluorescence spectrometry determination of selenium in food, simple operation, high 

sensitivity, good feasibility and applicability. 
Second, reagents 

High chloride solution of nitric acid (superior grade pure) (excellent pure); hydrochloric 
acid (superior grade pure); 

Mixed acid: nitric acid + perchloric acid = 4:1 
Of potassium hydroxide solution (0.5%): Weigh 2.5gKOH dissolved in water and diluted 

to 500mL shake; 
Solution of potassium borohydride (1.5%): Weigh taken 3gKBH 4 melt chloride hydroxide 

solution volume to 200 ml; 
Selenium standard stock solution (1.00mg/mL); provided by the National Research 

Center; 
Standard substances: tea (provided by the National Research Center); 
In addition to the special provisions in the method used reagents were of analytical 

grade, test water is deionized water.  
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 Sample Handling 
Food samples were washed three times with water, 60 ℃ drying, with a stainless steel 

mill crushed, weighed 1.0g sample in 100mL beaker, add 10mL mixed acid, cover the surface 
of the dish to digest overnight.The next day in the hot plate heating, such as dark brown 

when supplemented with nitric acid 3-5 mL.When the solution becomes clear and colorless 
and accompanied by smoke, just be about The 6mL about, and cooled.Add 4 mL of hydrochloric 
acid and continue heating indisputable solution becomes colorless and accompanied by 

white smoke appeared, cooling, moved to be dissolved in 25mL dissolved volumetric flask 
to the mark, while doing the blank test. 

4.2 standard curve preparation 



1.00mg/mL stock standard solution 0.1mL Imbibe be dissolved 100 ml with 1% 

hydrochloric acid solution, and this application was a concentration of 1 .0ug/mL 
sequentially input in a standard series of concentrations of the instrument software, 
10.0, 20.0, 30.0, 40.0 , 50.0 ug / L, the instrument will automatically detect the five point 
standard curve correlation coefficient of 0.999. 
V. Results and Discussion  

Measured through 10 the standard tea substances (GBW08505), the method reproducibility 
and high precision, the calculated value of 0.05% RSD. 
Measurement results and the precision of the standard substances 

Determination 

of the number 

of times 

The standard substances 

selenium content (mg / kg) 
Determination of 

the content (mg / 
kg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0.04 1 ± 0.010

0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 
0.04 1 ± 0.010 

0.040
0.042 
0.039 
0.042 
0.043 
0.038 
0.047 
0.041 
0.040 
0.043 

  
Six, methods sources 

Modern scientific instruments 20054 

7.6.10 atomic fluorescence determination of trace selenium Apple 

  
First, the method summary 

Selenium is an essential trace element, selenium is known as "the miraculous elements 

of life." Prevention, treatment and care because of its unique life The Fifth Element "," 

the king of cancer, the patron saint of the "heart" , "anti-aging nutrients.The lack of 

selenium harm no small factor in many of today affect human health, and physical 

development of children "culprit".And the Chengyu they are selenium areas.Therefore, 

scientific the selenium supplement urgent, the Apple people standing fruit, its selenium 

content is higher in fruit, it is one of the important sources of selenium in the human 

body.However, due to lower the content of selenium in the process of the determination of 

selenium, and easy to be adsorbed to bring about certain difficulties, and therefore to 

the measurement, the paper describes a process of the determination of selenium. 
Second, reagents 

The present method, in addition to the special requirements, the reagents used were 

of analytical grade, the test water is deionized water nitric acid, perchloric acid, 

hydrochloric acid, sodium hydroxide, sodium borohydride, potassium ferricyanide from 

Chengdu Chemical Reagent; 
Mixed acid: nitric acid + perchloric acid (4 +1), mixed acid; 



Solution of sodium borohydride (8 g / L): Weigh 8.0 g of sodium borohydride (NaBH 4), 
dissolved in sodium hydroxide solution (5 g / L), and then the volume to 1 000 mL mix; 

Potassium ferricyanide (100 g / L): Weigh 10.0 g of potassium ferricyanide (K 3 Fe (CN) 6), 
was dissolved in 100 mL of distilled water, and mix; 

Selenium standard stock solution (1 000 mg / kg): the National Steel material reagents 
Center, Central Iron and Steel Research Institute; 

Selenium standard solution (1 mg / kg): draw 0.1 mL 1 000mg/kg standard stock solution, 
and set the volume to 100 mL and mix. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 Preparation of standard curve: take 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 mL standard 
application solution in 15 mL centrifuge tube, with de-ionized water constant volume to 10 
mL, and then were added concentrated hydrochloric acid and 2 mL ferricyanide the potassium 
1 mL, and mix, made of standard working curve. 

4.2 Sample Handling Sichuan, Gansu, Shaanxi, Yantai apple samples were selected.Take 
the edible part of the homogenized spare.Said about 5.0 g of apple samples were placed in 
150mL conical bottle label, plus l0.0 mL mixed acid, covered with a small funnel cold 
digestion overnight.Low-temperature heating, electric heaters on the next day and and 

timely additional mixed acid.And accompanied by white smoke when the solution became 

clear and colorless, and then heating was continued to a residual volume of about 2 mL, 
and must not be evaporated to dryness.Cooling, plus 5 mL 6mol / L hydrochloric acid, and 
heating was continued until the solution becomes clear and colorless and accompanied by 

white smoke appeared to completely hexavalent selenium restore the tetravalent Se.Cool, 

and transferred 
Volume to 25 mL volumetric flask.Pipette 10 mL samples digestive juice in 15 mL centrifuge 
tube, add concentrated hydrochloric acid, 2 mL, 1mL of potassium ferricyanide solution and 
mixing under test.Blank test. 
V. Results and Discussion  

The experimental determination of the the four districts Apple selenium content, 
provides a basis for people to science selenium supplementation.Seen through the above 

determination, Gansu Apple selenium content of 2.590 3 × 10 -3 ug / g, Shaanxi Province Apple 
selenium content was 3.320 6 × 10 -3 ug / g the Yantai area Apple selenium content of 5.182 9 × 
10 -3 ug / g, Sichuan × 10 -3 ug / g 

Interference cancellation fruits are alkaline foods, so that some metal ions on the 

determination of interference, such as Cu, the experiments using potassium ferricyanide 
is added Cu complex ions are generated and to eliminate the interference. 
Six, methods sources 

A Southwest Agricultural University (Natural Science) 28 February 2006 

7.6.11 Atomic Fluorescence Spectrometry Determination of Trace Selenium in 

Tea 

  
First, the method summary 



Selenium is an essential trace element, is closely related to the human health, is 

one of the elements of 15 daily dietary nutrition, is widely distributed in tissues other 
than fat, the physiological needs of our recommended selenium per day for adults is 50 g , 
children and young people every day for 20 to 50 g, the baby every day for 15 g.The content 
of selenium in tea is one of the indicators of the quality of tea, because tea 

deterioration is mainly due to the lipids, vitamins, tea, tea polyphenols oxidation of 

the active ingredient of tea non-enzymatic oxidation, and selenium glutathione over oxide 

enzymes important component, of plants of various active oxygen radicals and their 

derivatives, non-enzymatic scavenging effect, can inhibit the active ingredient in the 

non-enzymatic reaction in the process of storage of tea.Therefore rapid, sensitive and 

accurate determination of the selenium content in tea is of great significance to human 
health and economic development.Extremely small amounts of selenium in vivo and in foods, 

so their analysis method proposed higher requirements.Although the method of analysis of 

selenium many reports at home and abroad in recent years, but the analysis of selenium in 

tea and other natural products is still rare.Of masking of sulfhydryl cotton enrichment 
and thiourea ascorbic acid, atomic fluorescence spectrometry analysis of the content of 
selenium in tea, with satisfactory results. 
Second, reagents 

Sulfhydryl cotton separation column (1 cm × 10 cm, loaded thiol-based cotton 0.35 g, 
cotton height of about 45 mm), self-made; 

Spectrum pure copper reagent: Weigh 50 mg of high purity copper powder, add 2 mL of 
nitric acid, and heated on a hot plate to dissolve, add water to 50 mL; standard 
selenium powder, potassium borohydride, HNO 3, HCl, HC10 4 And other reagents were 
excellent pure; 
Analysis of water for secondary ion exchange water. 

Third, the test conditions 
To see selenium standard analysis conditions 

4, experimental methods  
4.1 selenium liquid preparation 
Weigh 0.1000 g of selenium powder in 100 mL beaker, add 10 mL of concentrated HNO 3, 1 mL 

of concentrated HC1 and evaporated to near dryness, dissolved with a small amount of 
water after cooling, into a 100 mL volumetric flask, add 1 mL HNO 3 with water Tolerance 
is selenium stock solution (1.0mg/mL).When used with 1% HC1 diluted to 0.1ug/mL, namely the 
working fluid. 

Imbibe Se working solution (0.1 g / mL) 0.5, 1.0, 2.0, 4.0, 8.0, 16.0 mL in a 50 mL 
volumetric flask, were added to 5 mL of concentrated HCI, 5 mL thiourea ascorbic acid with 
water to volume, and mix under test. 

4.2 Sample Handling 
Tea dry sample washed with water, washed with deionized water 3 times in a 60 ° C 

vacuum oven drying, crushing, spare.Treated leaves 1 g of sample, add 2 mg of copper 
stabilizer, 10 mL of nitric acid, 4 mL of perchloric acid, soaked overnight, evaporation of 
a small fire boiling the sample to riot, repeatedly added several nitrate and heated to 

evaporate to near dryness, and remove coolish, add 10 mL 4 mol / 
L HC1, then add 1 mL mass fraction of 2.0% potassium borohydride solution, heating for 10 min 
to make Se (Ⅵ) complete reduction of Se (IV).After cooling, add 30 mL of water. 

4.3 sulfhydryl cotton separation process 



4.2 processing the sample after the dilution to 40 mL, and a speed of approximately 
half drop per second can be removed after advance by 1 mol / L HC1 washed sulfhydryl cotton 
column and then with 5 mL of 6 mol / L HC1 washed mercapto cotton, placed Sheng 3 mL 3 mol / L 
HNO 3 beaker, heated in a boiling water bath for 3 min, remove the sulfhydryl cotton added 
0.1 g of urea cooling fast filter paper filter into a 25 mL volumetric flask with NaOH and 

to pH = 4.0. 
4.4 sample determination 
Learn 4.3 processing samples 5 mL in 25 mL volumetric flask, add 2.5 mL of concentrated 

HCL, 2.5 mL thiourea, ascorbic acid, and water to the mark. 
V. Results and Discussion  

The experimental method the determination of selenium in tea sample fluorescence 

value, the analysis results are listed in Table 1. 
Determination results of the samples in Table 1 

Sample Name Determination 

results / ng / ml 
Sample Name Determination 

results / ng / ml 
Fujian 

green tea 
Longjing 

green tea 

35.22 
36.75 

Fujian oolong 

tea 
Xinyang 

oolong 

40.25
39.06 

  
From Table 2 to see that this Law recoveries from 99.0% to 106.3%, the coefficient of 

variation is less than 1.71%, the accuracy and precision of the method were higher. 
Table 2 recovery test 

  
Number 

Sample 

concentration 
(ng / ml) 

Added in 

an amount 
(ng / ml) 

Should 

be 

measured 

values 
(Ng / ml) 

Measured

(Ng / ml) 
Recovery 
(%)) 

1 
2 
3 

4.00 
8.00 
16.00 

2.00
2.00 
2.00 

6.00
10.00 
18.00 

6.126
10.105 
17.98 

106.3 
105.3 
99.0 

Metal ion interference experiments and eliminated, the Se concentration is 10 ng / mL, 

1000 times the K 
+,

 Na 
+,

 of Ca 2 +, Mg 2 +, AL 3 +, 500 times Zn 2 +, Cd 2 +, Mn 2 + , Co 2 +, Fe 3 + does 
not interfere with the determination of Pb 2 +, Cu 2 + , Ag 2 + Seriously interfere with the 
determination.Of enrichment by sulfhydryl cotton and non-toxic thiourea ascorbic acid as 

a masking agent combination method to eliminate the interference ion. 
Six, methods sources 

Analysis test 2006.VoI.23 No.7 Chemical and Biological Engineering 

7.6.12 atomic fluorescence spectrometry determination of selenium in copper 

concentrate 

  
First, the method summary 



Copper concentrate for the smelter of a large class of incoming raw materials, and 

selenium to directly affect the quality of copper cathodes, quickly and accurately is 

very important to analyze the results of selenium on the ingredients and valuable metals 

recycling.Has an important role in guiding production.Analysis of selenium in the copper 

concentrate national standards 3, 3 '-diamino benzidine photometric oscillopolarographic 
determination of selenium analysis of data access methods commonly used both analysis 
methods long process, analysis reagents, and the use of toxic and hazardous reagents can 

not meet the rapid analysis of laboratory requirements.Atomic fluorescence spectrometry 

with high sensitivity, precision, good stability, can achieve satisfactory results, the 
analysis method suitable for copper concentrates selenium content of 0.002% - 0.1%.Copper 
on a serious interference in the determination of selenium required to ferric hydroxide 

and lanthanum hydroxide enriched selenium and separation of copper matrix then measured. 
Second, reagents 

Hydrochloric acid, nitric acid, ammonia; lanthanum nitrate solution (25 mg La / mL); 
Iron nitrate solution (10 mg Fe / mL), potassium borohydride solution (50 g / L), potassium 

hydroxide (5 g / L); 
Selenium standard solution (10 ug / mI). 

Third, the test conditions 
To see selenium standard analysis conditions 

4, experimental methods  
4.1 working curve drawing 
Pipette 0, 0.50, 1.00, 2.00, 3.00, 4.00, 5.00 mL selenium standard solution, 

respectively, in a 250 volumetric flask, add the ferric nitrate solution of 25.0 mL, 
lanthanum nitrate solution 5.0 MI and diluted hydrochloric acid (1 +1) to the mark, and 
mix.This standard solution is measured selenium.Concentration of 20 ng / mL, 40 ng / mI 80 ng / 
mL and 120 ng / mI, 160 ng / mL, 200 ng / mL. 

4.2 sample analysis said take the test material 0.1 g (accurate to 0.0001 g), the sample 
was placed in a 400 mL beaker, add a small amount of water, cover the table dish slow 
nitrate was added to 10 mL, to be violent reaction on the hot plate low heat to the sample 
is completely dissolved, to get rid of the oxides of nitrogen, removed, washed with water 

table dish and Beibi, heating the water to the volume of the solution was about 100 mL; 
added 7.0 mL of ferric nitrate solution (blank Add 10.0mL ferric nitrate solution) and 2.0 mL 
of a lanthanum nitrate solution, with stirring, while adding ammonia to generate cupric 
hydroxide precipitate was dissolved dark blue, then excess of 20 mL, heated to a boil, 
move at a low temperature for 1 h incubation; quantitative filter paper with a medium speed 
filter to warmed ammonia wash beaker, and precipitated three times each with hydrochloric 

acid (1 +1) 50 mL of the precipitate was moved into a beaker, and the filter paper was 
washed 4 to 5 times, the lotion into the original beaker; The test solution is placed in 
the electric hot plate at a low temperature heating 5 ~ 10min, removed, cooled to room 
temperature, neutralized with hydrochloric acid (1 +1), the solution was transferred to a 
100-mL volumetric flask, and diluted to volume. (Such as the content of the sample is 
higher than 
0.02% may be appropriate to separate the complement of the hydrogenation of iron oxide 

and lanthanum hydroxide, hydrochloric acid (1 +1) diluted to the mark can be) 
V. Results and Discussion  

By sample analysis step, the following samples were analyzed recovery tests are shown 

in Table 1 



Table 1 recovery test 
  

  
Sample name 

Plus Se
content 
(Μ g) 

Sample 

containing Se 
amount 
(Μ g) 

Se amount

(Μ g) 
Recovery 
(%) 

Sample 1 
Sample 1 
Sample 2 
Sample 2 

5.00 
10.00 
5.00 
10.00 

4.90
4.90 
7.80 
7.80 

10.60
15.16 
12.43 
17.43 

114.00 
102.60 
92.60 
96.30 

  
Operating according to the test method, different amounts of impurities, the tests 

showed that Pb <10 mg of Zn <20 mg, Mn, <1 mg 
Ni <5 mg MgO <1 mg Cr <1 mg Bi <1 mg As <2 mg Ag <0.1 mg had no significant interference. 
Six, methods sources 

Ferrous Mining and Metallurgy, 22, 4, August 2006 

7.6.13 atomic fluorescence spectrometry determination of selenium in blood 

  
First, the method summary 

Objective: To establish a simple, sensitive and accurate method for determination of 

blood selenium by atomic fluorescence method for the determination of selenium in the 

blood, control potassium borohydride concentration and acidity of the solution to improve 

the sensitivity of the method.Results: The linear range of 0 to 20 g / L, the correlation 
coefficient r> 0.9990.0.42 g / L, with a relative standard deviation of the study method 
detection limit for the precision of 1.95%; the spiked recovery examine the accuracy of 
the method, the recovery 9l% - 103%.Conclusion: The method is rapid, simple, accurate and 
suitable for the determination of selenium in the blood samples. 
Second, reagents 

Selenium standard solution: 1000ug/mL (the national standard substances Center); 
Hydrochloric acid, hydrogen peroxide, nitric acid (excellent pure); 
Potassium borohydride, ascorbic acid, thiourea (AR); 
Mixture of ascorbic acid and thiourea: Weigh 5.0 g ascorbic acid and 5.0 g of thiourea, 

dissolved in water and diluted to 100 ml. 
Third, the test conditions 

To see selenium standard analysis conditions 
4, experimental methods  

4.1 Sample handling absorb the 1.0 ml anticoagulant (heparin) samples in the digestion 
tank, adding 3 ml of nitric acid, 9 0 ℃ ~ 100 ℃ electric board pretreatment for 30 min, 2 ml 
of hydrogen peroxide microwave digestion system operation procedures digestion, digestion 
time is set for 5 min.Digestion is completed, the volume to catch the acid on a hot plate 
heated l0 ml, while doing the reagent blank test. 

4.2 Determination draw samples digestive juice of 5.0 mL and selenium standard solution 
(1.0 ug / mL) 0, 0.05, 0.10, 0.20, 0.30, 0.40, 0.50 mL in 25 mL colorimetric tube, add water 
to 10 mL, respectively, to the sample tube Add 1 ml of ascorbic acid (a mixture of 50 g / L) and 



thiourea (50g / L), and 1.25 mL of concentrated hydrochloric acid in the standard series of 
tubes, plus pure water to 25 ml, mix, place half an hour after the determination.The first 
standard series zero tube injection to determine the blank value, followed by measuring 

the standard series, the standard curve, and determination of sample solution. 
V. Results and Discussion  

Take 2 blood samples do spiked recovery test recovery 9l% - 103%, and the results are 
shown in Table 1. 

Table 1 recoveries experimental results (ug / L) 
Sample The measured 

values (n = 6) 
Plus 

scalar 
Spiked value

(N = 6) 
Recovery 
(%) 

A 
  
B. 

7.71 
  
9.35 

5.0
10.0 
5.0 
10.0

12.53
16.82 
14.51 
19.23

96.4 
91.1 
103.2 
98.8 

  
Six, methods sources 
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Eight tin (Sn) 

8.1 Physical parameters 

Atomic weight:                                   118.690 
Ionization energy:                                   7.30 eV 
Hydride dissociation energy: 5.6 eV 
LEVEL (eV) Wavelength (nm) 
224.61 0.000 - 5.518 
235.48 0.210 - 5.473 
242.95 0.425 - 5.526 
254.66 0.000 - 4.867 
270.65 0.210 - 4.789 
284.00 0.425 - 4.789 
286.33 0.000 - 4.329 
300.91 0.210 - 4.329 
303.41 0.210 - 4.295 
  

8.2 standard stock solution 

(1) standard stock solution (1mg/ml): accurately weighed high purity tin powder 1.000 g 
dissolved in 15ml of hot HCl diluted to 1000ml. 



(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
(4) the tin standard series configuration, excellent pure hydrochloric acid, deionized 

water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

sulfuric 

acid 
(Ml) 

Add tin stock 

solution (0.1mg / L) 
(ml) 

Fixed volume
(Ml) 

The 

concentration 

of the 

solution 
(Ug / L) 

Std0 1.5 0 100 0
Std1 1.5 1 100 1
Std2 1.5 2 100 2
Std3 1.5 4 100 4
Std4 1.5 8 100 8
Std5 1.5 10 100 10
Single standard automatic grading curve

Std5 1.5 10 100 10
Notes: 
1, the tin hydride acidity range is very narrow, the general requirements of sulfuric 
acid in the range of 1% -2%. 
2, the tin-hydrogen (SnH 4) is very unstable at room temperature, can be decomposed, and 

therefore should pay attention to the temperature change in the experiment. 
(5) the standard curve (for example) 

 

8.3 standard analysis conditions 

Reducing reagent:                                       2.0% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Trivalent 
Standard acidity:                                       1.5% (V / V) H 

2 SO 4 
Carrier fluid: 1.5% (V / V) H 2 SO 4 



Measurement parameters: 
The readings time (s) 12 

The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 40 
Road assist lamp current (mA) 40 A (B, C) 

8.4 Sample Summary 

Geochemical samples: 
0.1g samples with Na 2 O 2 melting, leaching with water, was added thereto 5 ml of 10% 

tartaric acid and then with a 1:5 sulfuric acid (pH indicator) and the solution was added 

in excess and then 3ml 1:5 sulfuric acid.Add 2.5ml thiourea (5%) - ascorbic acid (5%) mixed 
reagent, and diluted to 25ml.Pipette 2ml solution for detection.Before detection response 
melt with Sn Na 2 O 2 present at the end to be checked. 

8.5 Interference and Elimination 

Cu, the presence of Pd would seriously interfere with the detection of Sn, these 
disturbances can be a mixed solution of a 5% ascorbic acid, or other masking agent to 
eliminate by adding 5% thiourea +. 

Other hydride-forming elements, in the content thereof is not more than 10 μ g / ml of 
the case does not impact on the detection of GE. 

If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 



8.6 Application method compilation 

  

8.6.1 dry ashing - hydride atomic fluorescence method for the determination 

of trace tin meat products 

  
I.         Method Summary 

By dry ashing method to do pre-processing, using hydride generation atomic 

fluorescence spectrometry determination of trace tin of meat products.The results show 

that: in 0.025 ~ 0.40ug/mL range, a good linear relationship (r = 0.9997) between the tin 
concentration and fluorescence values.Applied to the determination and the relative 

standard deviation (RSD) of 7.1% to 8.9%, the recovery rate of 93% to 97%, detection limit 
0.056ug/kg. 
Second, reagents 

0.5% potassium hydroxide solution; 1.5% potassium borohydride solution, freshly 
prepared; 

4.4% hydrochloric acid solution: to draw excellent pure hydrochloric 44mL, water 
content in a 1000 mL volumetric flask; 4.5% hydrochloric acid solution: to draw excellent 
pure hydrochloric 45mL, water content in 1000mL volumetric flask; 

15% thiourea - ascorbic acid solution: that take thiourea, ascorbic acid 15g dissolved 
100 mL of water, freshly prepared.The reagents used were of analytical grade, and water 
was deionized water.    

Sn standard solution (100mg / L): (10% HC1 medium) provided by the National Research 
Center; 

Sn standard solution (1mg / L): lessons 100mg / L Sn standard solution Within1.0MI in 
100mL flask, constant volume with 4.4% HC1, an acidity of 4.5% in the final medium.5% 
hydrochloric acid solution, as a carrier stream. 
Third, the test conditions 

See tin standard analytical conditions 
4, experimental methods  

That take 2.0000g sample in a porcelain crucible on a hot plate of small Fo Tan to 
smokeless, muffle furnace at 550 ℃ burning 4 to 6h remove cooling join 10mL4.5% 
hydrochloric acid to dissolve the sample , then add 2mL15% thiourea ascorbic acid 
solution, and mix. 
V. Results and Discussion 

5.1 acidity of the medium 
Hydrochloric acid as the reaction medium, the acidity of hydrochloric acid under the 

conditions of the reducing agent is potassium borohydride and 0.5% KOH medium, trial.The 
results show that the concentration of hydrochloric acid is preferably 4.5%. 

5.2 ashing temperature selection 



The present study, 450 ° C, 500 ° C, 550 ° C, 600 ° C dry ashing (4 ~~ 6h).The results 
show that at 550 ° C and 600 ° C under ashing effect is best, and the residue was 
white.Tin recovery rate of 92% in the temperature of 500 ℃ and 550 ℃, the recovery rate 

was 94%, therefore, select the ashing temperature of 550 ° C. 
5.3 linear range, precision and detection limit 
Sn in 0.025 ~ 0.40ug/ml range within this Act a good linear relationship between 

relative 
The correlation coefficient r = 0.9997.The measurement results relative standard 

deviation (RSD) between 7.1% to 8.9%, the instrument detection limit 0.011ug / L, taking into 
account the dilution factor, the method for determination of tin in the sample detection 
limit for 0.056ug/kg in. 

5.4 sample test results and recovery experiments 
Said take canned luncheon meat 1, 2, 3-like 5.000 g each of the 10 parts, according to 

the experimental method was measured, while doing joined recovery experiment, the 

correlation results are shown in Table 1, respectively 
Table1 The results of standard addition and the recovery (mg / kg) 

Sample Determined (n = 
10) 

Added Found Restore 

1 
  
2 
  
3 

0.231 
  
0.370 
  
0.259 

0.10
0.20 
0.10 
0.20 
0.10 
0.20

0.325
0.422 
0.463 
0.560 
0.356 
0.450

94. 
96 
93. 
95 
97. 
96 

  
Of the actual canned meat Determination of tin, the relative standard deviation of 

the results in the range of 7.1% to 8.9%, the recovery rate of between 93% to 97%, with 
satisfactory results. 
Six, methods sources 
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8.6.2 hydride generation atomic fluorescence spectrometry determination of 

workplace in tin 

  
First, the method summary 

Laboratory and field experiments carried out in accordance with the requirements of 
the workplace air, poison detection method developed specification.Established workplace 
air tin oxide generation - atomic fluorescence photometric method.The method in 5.6 - 
300ng/ml range linear relationship; the sample handling insurable 48h; method 
reproducibility relative standard deviation of the standard solutions of different 

concentrations of 0.88% to 3.65%; spiked recovery of 95% 103%; minimum detection limit 
of the method 5.6ng/mL; When the 75L gas production, this Act the minimum detectable 
concentration 0.037mg / m 3, the method of selective good.The targets are met the 

requirements of the workplace air poison detection method developed norms ", applicable to 
the monitoring of workplace air in the tin. 



Second, reagents 
The water was deionized water.Pure acid as a superior grade; 
Sulfuric ρ = 1.84 g / ml; nitric ρ 20 = 1.42 g / ml; sulfuric acid solution (1 + 9): the 

amount of 100m l of sulfuric acid poured into the 900m l of water and mix; 
Tin standard solution (500ug / m1); 
GSBG62042 - 90 National Steel Materials Testing Center Research Institute, using 

sulfuric acid solution (1 +9) diluted 10ug/ml; 
Thiourea (150g / L) + ascorbic acid (150g / L): that are required for this solution was 

placed in a brown bottle dark take 15g of thiourea and 15g ascorbic acid dissolved in water 
and diluted to 100m l (save); 

Potassium borohydride (20g / L): said take 5.0g potassium borohydride was dissolved in 
250ml 5g / L of potassium hydroxide solution, before use preparation. 
Third, the test conditions 

See tin standard analytical conditions 
4, experimental methods 

1 controlled trials will be installed millipore sampling entrained to the sampling 
point, to collect wins gas outside the rest of the operation the same goods in addition 

to air sampling is not connected, as a sample blank. 
2 sample processing will adopt over-sample the membrane into a beaker, add 1.0ml of 

sulfuric acid and 5ml of nitric acid, cover the surface of the dish.Heated on a hot plate 
(140 ℃, 160 ℃) digestion date to the white smoke, take cold after decentralization, with 
pure volume of 50 ml.Take 1.0ml 10ml with stopper graduated test tube was added 2.0ml 
sulfuric acid solution (1 + 9), the water volume to 10ml, and then add 2ml thiourea (150g / L) 
+ ascorbic acid (150g / L) mixed solution for measuring . 

3 standard curve Pipette the tin standard application solution 0, 0.010, 0.025, 0.050, 
0.10, 0.20, 0.30 ml (1 +9) made up to 2.0 ml of sulfuric acid solution.Water volume 10ml, added 
2ml thiourea (150g / L) + ascorbic acid (150g / L) mixed solution, dubbed 0.0, 5.0, 25.0, 50.0, 
100.0, 200.0, 300.0ng/ml tin standard series., After 0.5h placed a continuous flow to be 
measured, according to the concentration, the fluorescence intensity to the standard 

curve. 
4 samples is measured using standard pipe the same instrument operating conditions, 

the processed sample is placed after 0.5h was measured.For each of 10 samples was measured, 
and with moderate concentrations of a standard solution of correcting a measurement 

result.The fluorescence value of the sample fluorescence value after subtracting the 

blank control was determined by the standard curve, the concentration of tin (ng / ml). 
V. Results and Discussion  
    1, the choice of the amount of sulfuric acid 

Preparation 100.0ng/ml tin standard solution, fixed other conditions, (1 + 9) 0.5, 1.0, 
2.0, 2.5, 3.0, 4.0, 5.0ml experiment, the experiment showed that when 1.5 - 2.5ml sulfuric 
acid solution were added to the sulfuric acid solution ( fluorescence intensity tends to 
balance 1 + 9), and better stability, this article select the sulfuric acid solution (1 + 9) 
added in an amount of 2.0ml. 

2, the concentration of potassium borohydride selection 
PREPARATIONS 100.0ng/ml tin standard solution, respectively, with 10, 15, 20, 25, 30, 

35g / L boron hydride, potassium experiments.Experiments show that when the potassium 
borohydride was 10 g / L tin hydrogen fluorescence intensity was significantly reduced, the 
concentration of potassium borohydride is greater than 30 g / L, the amount of hydrogen 



generated by the reaction is too large, while the lower signal strength, when the boron 

The potassium hydride as a 20 g / L, the fluorescence intensity of the tin of hydrogen is 
maximized.This paper choose potassium borohydride solution concentration of 20 g / L. 

3, the linear range and detection limit 
Series of tin standard solution were prepared under the conditions described above, 

when the tin concentration in the range of 5.6 ~ 300 ng ml good linear relationship (r = 
1.000), alternately blank solution and standard solution was measured 22 times, with three 
times the blank standard deviation multiplied the slope of the standard curve shall be a 

minimum detection limit of the method and the results 5.6ng/ml.The standard curve shown in 
Figure 1. 

 
4, the interference test 
In 200.0ng / ml tin standard solution were added to a variety of potentially 

interfering ions, and its fluorescence intensity was measured.When the fluorescence 

intensity change ≤ ± l 0%.The allowable amount of the coexisting substance K, Na, P, C a, 
M g1000ug/m1.Fe, Mn, Cu, Zn5 0 0ug/ml.Pb, N i, Hg, Cd, As, Se100ug/ml.Show that the method 
has good selectivity.    

5, the method precision and accuracy test 
Preparation of three different concentrations of tin standard solution was subjected to 

the experiments, the results in Table l; 
  
Table a tin precision tests (n = 7) 
  
  
  

Concentration 
(ng / ml) 

Mean 

fluorescence 

intensity 

Standard 

Deviation 
The relative 

standard 

deviation (%) 
25.0 
100.0 
300.0 

51.4 
204.7 
622.0 

1.7
6.9 
5.0

3.57
3.65 
0.88

  
Parallel spiked recovery test air samples, the results are shown in Table 2. 
Table 2 spiked recoveries 

Name Background 

values (ng / 
Spiked 

amount (ng / 
Spiked average

(ng / ml) 
Recovery 
(%) 



ml) ml)

  
Sample 1 
  
  
Sample 2 

  
15.0 
  
  
80.0 

25
100 
200 
25 
100 
200

39.5
117.9 
219.2 
103.8 
177.2 
282.8

98 
103 
105 
95 
97. 
101 

  
Seen from Table 1, the results of the three kinds of concentration better 

reproducibility relative standard deviation of 0.83% to 2.20%; seen from Table 2, the 
samples spiked recoveries of 95% to 103%, the results are in line with the "workplace 
air in poison detection method developed specification requirements, can be used for the 

determination of tin in the workplace air. 
Six, methods sources 
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8.6.3 Microwave Digestion ~ hydride atomic fluorescence spectrometry study 

the tin determination of the method in the air of workplace 

  
I.         Method Summary 

Built by microwave digestion hydride atomic fluorescence method for the determination 

of the method of the the workshop air in tin.Microporous membranes under microwave 
digestion, hydride generation atomic fluorescence spectrometry determination of tin 
content.Microwave Digestion efficient and rapid decomposition completely, less pollution, 

atomic fluorescence method for the determination of tin concentration in the range from 0 
~ 200ng/ml good linear relationship, the correlation coefficient is 0.9992, RSD 3.92%, 
lower, different concentration recoveries were 94.8% , 101.4%, 96.8%.By microwave 
digestion hydride generation atomic fluorescence spectrometry determination of the method 

of the workshop air in tin high sensitivity, less interference, simple, fast and accurate. 
Second, reagents 

The method used reagents were of analytical grade acid as a superior grade pure test 

water is deionized water; 
Digestion solution: to take 100ml perchloric acid was added to 900ml nitrate; 
Potassium borohydride (30g / L) (Pro now equipped) solution; 
Thiourea (100 g / L), ascorbic acid (100 g / L) solution; 
Sulfuric acid solution (1 +9); the tin standard stock solution (100ug/m1): purchased 

from the National Research Center (Standard No.: BW3035); 
Tin standard solution: temporary use when diluted with 10% hydrochloric acid to a 

concentration of 2.0 ug/m1. 
Third, the test conditions 

See tin standard analytical conditions 
4, experimental methods 

1, membrane before processing microporous membrane placed the PTFE melting like a cup, 
add 5.0ml digestion solution mix, in strict accordance with the instructions loaded 



digestion tank, set the microwave digestion furnace digestion.Set digestion conditions 

for pressure 1 file (0.5MPa), 2 min, 2-speed pressure (1.0 MPa), 2 min.Remove the cooled, 
constant volume 25m1 colorimetric tube, and mix.Pipette 10.0 ml of the sample after the 
constant volume digestive placed in the the 25m1 colorimetric tube, each adding sulfuric 
acid (1 + 9) 5 ml, thiourea (100g / L), ascorbic acid (100g / L) 2.5 mL water to the 
scale.Determination shaken at room temperature for 30min.While blank.    

Standard curve draw tin standard use liquid (2.0ug/m1) 0.0, 0.25, 0.5, 1.0, 1.25, 1.5, 
2.0, 2.5ml in colorimetric tubes 25m1, each adding sulfuric acid solution (1 +9) 5ml, 
thiourea (100g / L), ascorbic acid (100g / L) 2.5ml, water to the scale.The respective 
equivalent tin concentration of 0.00, 20.00, 40.00, 80.00, 100.00, 120.00, 160.00, 
200.00ng/ml. 
V. Results and Discussion 

1, microwave digestion choice of reagents and conditions 
The traditional atmospheric Digestion the general use of a perchlorate, a mixed acid 

of nitric acid (1:9), digestion solution is also applicable to microwave digestion, having 
a strong oxidizing, has a strong ability to dissolve the elements bound to organic and 

after digestion it easy to remove the remaining acid; difficult to complete digestion, 

the sample under high pressure violent reaction with an acid sample under low pressure 

conditions easy to leak.Experimental results show that each membrane added 5ml digestion 
solution digestion, each under the pressure of 0.5MPa and 1.0MP a 2min can achieve 
satisfactory digestion. 

2, the standard curve and detection limit 
Measured the fluorescence intensity of the tin standard solution series instrument 

working conditions, and a curve fitting, correlation coefficient r = 0.9992.To select 
standard 20ng/ml tin solution alternately statistical measurements of blank and standard 
solution was measured 22 times in a row, the instrument detection limit is 0.32ng / m, results 
in Table 1. 

Table 1 Standard curve of measurement results (ng / ml) 
Tube No. 0 1 2 3 4 5 6 7 

Tin 

concentration 
Fluorescence 

value (if) 

0.00 
0.9 

20.00
229.6 

40.00
524.7 

80.00
989.7 

1.00 
1292.9

120.00
1577.5

160.00 
2016.0 

200.00 
2656.3 

  
3, the precision of the method 
Take a blank membrane six copies, each adding tin standard solution (2.0ug / m1) 2.5ml, 

above microwave digestion and tin content determination, the determination of the result 

of 73.06, 78.81, 81.92, 80.23, 76.71, 78.47 ng / ml, average 78.20ng/ml, RSD 3.92%. 
4, the method recovery 
Linear range, the high concentration of 3, 3 batches determination, each batch of each 

concentration of 7 microporous membrane, which one do background, adding the 
corresponding tin standard solution 6 Microwave Digestion and Determination of tin 
content above.Low, high concentrations spiked recoveries were 94.8%, 101.4%, 96.8%, and the 
results are shown in Table 2.Table 2 tin spiked recovery test results (n = 6) 

Plus scalar 

(μ g) 
A measured value (μ g) Recovery (%) 



2.50 
5.00 
10.00 

2.37 
5.07 
9.68 

94.8
101.4 
96.8

  
5 interference experiments 
Proved: lead, zinc, cadmium, copper, selenium, mercury, iron, manganese, arsenic and 

tin content of 0 - 200 times the interference test, found no interference.Tin standard 
solution containing various interfering ions in the acidic conditions of the present 

experiment, and an ascorbic acid after the addition of thiourea, the fluorescence 

intensity change is small, does not produce interference.Thiourea mixture of an ascorbic 

acid, both as a pre-reducing agent and as a masking agent for masking interference of 

some ions.         
Six, methods sources 

Chinese Journal of Health Laboratory, Volume 16, 12 December 2006 

8.6.4 microwave digestion atomic fluorescence spectrometry determination of 

selenium and tin in canned food 

  
First, the method summary 

Microwave digestion atomic fluorescence spectrometry determination of of food 

selenium and tin method at the same time.Simultaneous determination of selenium and tin 

parameter conditions were studied by microwave digestion atomic fluorescence 

spectrometry.Optimal test conditions, selenium method detection limit 0.3ug / L, the 
relative standard deviation of 1.0% to 2.0%, and the spiked recoveries of 96.8% to 
98.6%.Tin method detection limit 0.3ug / L, the relative standard deviation of 2.7% to 3.4%, 
the recovery rate was 92.7% to 96.2%.Conclusion: This method is fast, accurate, high 
sensitivity, precision, etc., for the determination of selenium and tin in canned food 

with satisfactory results.    
Second, reagents 

This Act as reagent both with ultrapure water (Millipore Corporation, USA) preparation, 
laboratory glassware were soaked overnight treatment with nitric acid (20%); 

Acid excellent pure, all other reagents were of analytical grade; 
Sodium hydroxide solution: 5g / L solution of sodium borohydride: 0g / L, said take 2g of 

sodium borohydride dissolved in 5g / L sodium hydroxide solution, and diluted to 100 ml, Pro 
with the preparation; 

Thiourea-ascorbic acid solution (250g / L): that each 25g take thiourea and ascorbic 
acid dissolved in 100 ml of pure water, and mix Pro with preparation; 

Tin standard stock solution: 100mg / L, (GBW (E) 080546) developed by the National 
Research Center; 

Tin standard solution: 1000g / L, developed by the National Research Center selenium 
standard solution (GBW (E) 080395); 

Selenium standard solution 1000ug / L. 
Third, the test conditions 

See tin standard analytical conditions 



4, experimental methods  
1 sample digestion accurately called homogeneous samples taken 0.50g clean digestion 

tank, lessons 9m l nitrate 3m l hydrochloric acid were added to its stand overnight, then 
Mars 5 microwave digestion instrument instructions each digestion tank installed inside 
the instrument turntable, matching relationship: 1 to 3 cans (300W), 3 to 6 cans (600W) power 
platform and the number of containers more than 6 cans (1200W), set the power, then press 
Table 1 microwave digestion procedure for processing.After the microwave digestion 
instrument stops working after carefully let go of digestion tank pressure, open 

digestion tank to observe the digestion solution, if any, opacity, then add 0.5ml hydrogen 
peroxide, continue to press Table 1 microwave digestion procedures for processing, the 
digestion solution of transferred to 25m l with several plug tubes Add 1.25ml hydrochloride, 
Add thiourea ascorbic acid (100g / L) 5.0ml analyte with ultrapure water.At the same time to 
do the reagent blank.    

Table 1 microwave digestion procedure 
Procedure Heating time

(min) 
Temperature 

control (℃) 
Retention time 
(min) 

1 
2 

3:00 
5:00 

130
170 

5:00
5:00 

  
2, the calibration curve drawn 
Pipette 1000g / L tin standard solution and 1000g / L of standard selenium solution 0.00, 

0.125, 0.25, 0.625, 1.25, 2.00, 2.50 ml in 25m l volumetric flask, adding thiourea an 
ascorbic acid solution (250g / L) 5.0ml adding 1.25ml hydrochloric acid, constant volume with 
ultrapure water to 25m l, shake.Preparation of tin and selenium concentrations of 0, 5, 10, 
25, 50, 80, 100g / L of the standard series. 

3, the calibration curve drawn 
Pipette 1000g / L tin standard solution and 1000g / L of standard selenium solution 0.00, 

0.125, 0.25, 0.625, 1.25, 
2.00, 2.50ml, 25m l volumetric flask, adding ascorbic acid solution (250 g / L) 5.0ml of 
thiourea Add 1.25ml hydrochloride, with ultrapure water to 25m l shake.The preparation of 
tin and selenium concentrations of 0, 5, 10, 25, 50, 80, 100 g / L standard series. 
V. Results and Discussion 

1, select the experimental results of the of Microwave Digestion acid system showed 
that the samples sometimes was more turbid state with a hydrochloric acid mixed system of 

nitric acid, and nitric acid digestion.The use of nitric hydrochloric acid and hydrogen 

peroxide mixed system can get more clarification samples digestive juices.To avoid sample 

after adding acid to the reaction is too severe, can be taken to pre-digest an overnight, 

then microwave heating. 
2, microwave digestion acid reagent dosage digestion effect 
Table 1 microwave digestion program operation, change the mixed acid volume than the 

best digestion, and the results are shown in 2, has also increased due to increase in the 
concentration of hydrogen peroxide oxidizing intense reaction in the digestion process in 

order to avoid high-pressure, hydrogen peroxide dosage over 2 ml, and mainly organic 
matter is digested before.This article is the final choice of 9 ml of nitric acid, 3ml 
hydrochloric acid, 0.5 ml of hydrogen peroxide. 

Table 2 in different volume ratio of the mixed operator under the conditions of the 

digestion 



Item 

No. 
Sample 

amount 

(g) 

The acid added in an amount (ml) Sample 
Digestion 

effect 
Nitrate Hydrochloric 

acid 
Peroxide Double 

distilled 

water 
1 
2 
3. 
4 

0.5 
0.5 
0.5 
0.5 

5.0 
7.0 
9.0 
9.0 

0.0 
0.0 
3.0 
3.0 

0.0
0.0 
0.0 
0.5 

5.0
3.0 
0.0 
0.0 

There are 

muddy 
There are 

muddy 
Teach clarify 
Clarification: 

  
3, the microwave digestion power, the influence of temperature and time on the 

digestion effect digestion by testing change the power, temperature, and time parameters 

to examine the impact of digestion effect, found that the microwave power is decided in 

the instrument at the same time using the quantity of the digestion tank, Mare5 
instrument Although automatic power output, but refer to the user manual of the 

instrument, should pay attention to the power platform and the number of containers 

matching relation: 1 to 3 cans (300W), 3 to 6 cans (600W) (1200W) 6 or more cans.Power to 
minimize and maximize the use of the principle of this test to take the temperature., 

Pre-slowly warming, to be more gentle response and then rose to a high temperature 

digestion, by trial and error, the final selection of the table 1 microwave digestion 
procedure. 

4, the choice of instrument parameters 
The working conditions of the instrument to select test containing tin 10ng/ml, the 

selenium 8ng/ml, optimum reaction conditions of the hydride, 0.60moL / L HC1 acidity, 5% 

thiourea an ascorbic, 2% sodium borohydride as reducing agent, 0.60 mol / L HC1 was used as 
a carrier stream.Measured three times. 

5, the selection of the lamp current within a certain range lamp current the greater 
the higher the sensitivity, the fluorescence signal is stronger, but the lamp current 

Assembly reduce lamp life.By the experiment, tin lamps and selenium lamp current 50 mA, 
can be satisfied with the detection results. 

6, the atomizer height selection atomizer height measured elements related to the 
atomic ratio the atomizer height is too low, the light source incident on the furnace 
mouth reflections caused by light is too strong will reduce the detection sensitivity, 

the fluorescence intensity is low.The atomizer is too high, the background noise is too 

large, the sensitivity and measurement accuracy will decline.The atomizer height of the 

test range of 7 - 1 2 mm, the test results shown in Figure 1. 



 
Shown in Figure 1, the height of constant fluorescence intensity of the tin in the 8 - 1 1 
mm and a height of 8 mm selenium maximum fluorescence intensity, after comprehensive 
consideration atomizer height set at 8 mm. 

7, the choice of carrier gas flow rate of carrier gas flow rate and the fluorescence 
intensity of a great relationship, smaller carrier gas flow rate can be obtained a large 

fluorescence intensity, but the cross-hour hydrogen argon carrier gas flow rate flame 

instability, increasing the noise level.The flow rate is large, so that the decrease in 
sensitivity due to the dilution effect of the carrier gas.This test carrier gas flow rate 

selection range 300 ~ 700 ml / mi n, shielding gas flow rate range of options 600 ~~ 1200m L / 
MI N, experimental results shown in Figure 2, Figure 3. 

 
Figure 2, as shown in Figure 3, the carrier gas flow rate of the tin and selenium at 400 
ml / min, the maximum fluorescence intensity, so the carrier gas flow rate selection 400 ml 
/ min.Shielding gas flow rate has little effect on the fluorescence intensity was chosen 
800ml/min. 

8, the choice of the kind and concentration of the acid hydride generation requires 
appropriate acidity.Sulfuric acid, hydrochloric acid can be used, hydrochloric acid, and 

hydrochloric acid is used with regard to the sample digestion, a reducing effect, the 

The image part with relationship ID rId14 was not found in the file.

The image part with relationship ID rId15 was not found in the file.



test selection hydrochloride as a medium, the concentration range 0.12 ~ 1.2 mol / L, the 
test results shown in Figure 4. 

 
As shown in Figure 4, the tin hydride acidity in 0.24mol / L when the maximum fluorescence 
intensity, selenium hydride acidity, taking into account that the two elements at the 

same time measured at 0.6mol / L when the maximum fluorescence intensity, the fluorescence 
intensity of tin 0.60 mol / L, although reduced, but also to meet the measured, and the 
fluorescence intensity of selenium in 0.24 mol / L is too low, can not meet the 
determination.After considering this experiment, 0.60mol / L hydrochloric acid. 

9, sodium borohydride, the choice of 

 
Shown in Figure 5, the concentration of sodium borohydride in 1 5 ~ 2 5g / L, the maximum 
fluorescence intensity of the tin and selenium and stable, this experiment, the final 

selection of the 20 g / L of sodium borohydride. 
An ascorbic acid concentration of 10, thiourea 

 
Shown in Figure 6, an ascorbic acid concentration of thiourea in the reaction system 
between 5 ~ 50 L, the fluorescence intensity of the tin remains substantially constant, 
increase selenium in fluorescence intensity as the concentration of ascorbic acid a 
thiourea, a gradually increasing trend.Therefore, the present test system thiourea a 

concentration of ascorbic acid selected 50g / L. 
11, the correction curve and the curve range 

The image part with relationship ID rId16 was not found in the file.

The image part with relationship ID rId17 was not found in the file.

The image part with relationship ID rId18 was not found in the file.



In the present experimental conditions, the working curve of the linear measurement, 

the selenium content in the range of 0.3 ~ 100.0g / L and a correlation coefficient of 0.9999, 
the tin content in the range of 0.3 ~ 100.0g / L, and the correlation coefficient 0.9999. 
12 precision test 

Under optimum conditions, the tin containing 10, 50, 75 g / L solution and selenium 10, 
25, 50 g / L solution was continuously measured 11 times, and the results are shown in Table 
3.Standard relative deviation of tin is 2.7% to 3.4%, Selenium 1.0% to 2.0%. 

  
Table 3 selenium and tin precision test 

Element Concentration (μg /
L) 

RSD (%)

  
Selenium 
  
  
Tin 

10
25 
50 
10 
50 
75.

2.0
1.3 
1.0 
3.4 
3.1. 
2.7

  
13, the detection limit 

Procedures for the Determination of the detection limit of the instrument is 

given, the continuous determination of the fluorescence signal of the blank and standard 

solutions automatically calculate the detection limit of the method.Tin 0.3 g / L, of of 
selenium 0.3 g / L. 

14, the accuracy 
The application of this method for the canned food spiked recovery test results are 

shown in Table 4.The this Act spiked recoveries tin 92.7% to 96.2% from 96.8% to 98.6%, 
selenium 

Table 4 selenium and tin spiked recovery test (μg / L) 
Element Background 

values 
Spiked 

value 
Determination 

of the number 

of times 

Measured 

values 
Recovery 

(%) 

Selenium 
  
Tin 

0.49 
  
2.56 

25
50 
25 
50

6
6 
6 
6

24.7
49.8 
26.6 
48.90

96.8 
98.6 
96.2 
92.7 

  
Six, methods sources 
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8.6.5 workplace air in tin microwave digestion - hydride generation atomic 

fluorescence photometry 

  
I.         Method Summary 

Tin workplace air by microwave digestion - atomic fluorescence photometry.Millipore 
sampling after treatment by microwave digestion procedure, the digestion solution further 



processing, atomic fluorescence method for the determination of tin.Results The linear 

range of 0.3-100.0 g / L, the detection limit of 0.3 g / L, the minimum detectable concentration 
0.0001mg / m 3 (to acquire a 75 L air sample), the relative standard deviation of 2.7% -3.5%, 
and the recoveries were 96.5% -104.7%.The method is rapid and accurate, high sensitivity, 
precision, etc., can be used for the determination of tin in workplace air. 
Second, reagents 

Hydrochloric acid (superior grade pure), nitric acid (superior grade pure), hydrogen 
peroxide (analytical grade); 

This Act reagents are with ultrapure water (Millipore Corporation, USA) preparation, 
Laboratory glassware were soaked overnight in 20% nitric acid; 

100 mg / L tin standard stock solution: GB W (E) 080 546, National Institute of 
Standards Substances Research Center; 

1000ug / L tin standard solution; other reagents were of excellent pure or analytical 
grade; 

5g / L sodium hydroxide solution, 20 g / L boron hydride, a solution of sodium (Weigh 2 g 
of sodium borohydride dissolved in 5 g / L sodium hydroxide solution, and diluted to 100m 1); 

100 g / L thiourea - ascorbic acid solution (called take thiourea and ascorbic acid 20 g 
each dissolved in 200m l of pure water, and mix Pro with preparation). 
Third, the test conditions 

See tin standard analytical conditions 
4, experimental methods  

, The collection of air in the tin will be fitted good millipore sampling folder, 
15min air samples collected 5 L / min flow membrane to dust, facing folded twice, release 
sampling bag saved. 

2, sample digestion microporous membrane on clean digestion tank, to learn 5m1 
nitrate, 5m l ultrapure water and its inner, then each digestion tank installed inside the 
instrument dial, according to the power platform and the number of containers matching 

relationship: 1 to 3 cans (300w), 3 - 6 cans (600w), more than 6 cans (1200w), set the power by 
microwave digestion procedure for processing.The first warming 5 min control at 110 ° C, 

held for 2 min; then heated up to 5 min, controlled at 170 ° C, maintaining 2min.After the 
microwave digestion instrument stops working after careful digestion tank pressure to 
vent out the digestion solution with ultrapure water washes transferred to 25 m1 beaker 
set the hot plate and steam until nearly dry, and then washed with ultrapure water 

several times 25m1 test tube with stopper and transferred to, Add 0.75ml hydrochloric, 
thiourea - ascorbic acid (100 g / L) 5 ml with ultrapure water DUT.At the same time to do the 
reagent blank.    

3, the standard curve plotted respectively lessons 1000g / L standard tin was 0.00, 
0.125, 0.25, 0.625, 1.25, 2.00, 2.50 ml 25m1 volumetric flask, add person thiourea - 
ascorbic acid solution (100 g / L) 5 ml, was added 0.75 m1 hydrochloric acid, ultrapure water 
to 25ml, shake.Formulated into a tin-containing concentrations of 0, 5, 10, 25, 50, 80, 
100 g / L of the standard series. 
V. Results and Discussion 

1, the linear range and detection limits 
The tin content in the range of 0.3 ~ 100.0g / L, and the correlation coefficient was 

0.9999.Alternately blank solution and standard solution was measured 11 times, the 
calculation method detection limit of 0-3 g / L, the minimum detectable concentration 
0.0001mg/m3 (acquisition 75L air samples). 



2, precision test 
Continuous determination of low, medium, and high concentration of three tin standard 

solution of 11 times each, RSD was 2.7% to 3.5%, as shown in Table 1. 
Table 1 Microwave Digestion - hydride generation atomic fluorescence spectrometry 

determination of the air in the tin precision test (n = 11) 
Standard 

solution 
Range (μg / L) Mean (μg / L) RSD (%) 

Standard 

solution 
Standard 

solution 2 
Standard 

solution 3 

9.5-10.38
47.14-51.99 
72.99-77.68 

10.0 0 ± 0.35

49.90 ± 1.32 
74.88 ± 1.18 

3.5 
3.1. 
2.7 

  
8 The recovery test taken millipore, plus a certain amount of tin standard solution, 
in calculating the rates, the results are shown in Table 2.Spiked recoveries between 
96.5% to 104.7%. 

Table 2 microwave digestion - hydride generation atomic fluorescence spectrometry 

determination of air tin recovery test (n = 11) 
Sample Background 

values (μg / 
L) 

Plus scalar
(μg / L) 

Mean (μg / L) RSD (%) 

Sample 1 
Sample 2 
Sample 3 

<0.3 
<0.3 
<0.3 

25
50 
100 

24.12 ± 

0.42 
52.35 ± 

1.32 
98.98 ± 

1.18 

96.5 
104.7 
99.0 

  
Six, methods sources 
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8.6.6 atomic fluorescence spectrometry determination of low levels of tin 

  
First, the method summary 

Atomic fluorescence spectrometry determination of tin, the results show that the 

method detection limit 0.14ug / L, 0.0ug / L ~ 100 ug / L good linearity in the range.The 
relative error of the determination of standard solutions of different concentrations ≤ 
2.0%, real samples spiked recoveries between 90.0% to 109%, the relative standard 
deviation of ≤ 6.1%, better accuracy and precision. 
Second, reagents 

Tin standard stock solution: Weigh high purity tin 0.1000g placed in a 300 ml beaker, 
plus 6 mol / L hydrochloric acid 100mL, heating dissolved in a water bath, cooling, moved 
to 1000m L volumetric flask (6 mo l / L hydrochloric acid and 300 mL of pre-filled with) , 
diluted with water to the mark, plus tin grain preservation; 



Tin standard solution: When used, the tin standard stock solution was progressively 

diluted to 1.0mg / L tin standard solution (to maintain the hydrochloric acid concentration 
of 1.5 mol / L); 

20g / L potassium borohydride 5g / L potassium hydroxide solution, now with the current 
distribution; 

Test water was deionized water, acid excellent pure. 
Third, the test conditions   

See tin standard analytical conditions 
4, experimental methods  

1 curve drawing 
Pipette 1.0mg / L tin standard solution 0.00mL 0.25mL, 0.50 mL, 1.50 mL, 2.50 mL, 3.50 mL and 

5.00mL were placed in seven 50mL volumetric flask (to join the right amount of water and 
2.5mL hydrochloric acid) was added thiourea, ascorbic acid 0.5g, water diluted to the mark 
Shake well dissolved.Stand for 15 min, the measured fluorescence intensity, drawing 
working curve was a good linear relationship in the range of 0.0ug / L ~ 100ug / L, 
correlation coefficients> 0.999. 

2, the sample measurement 
Pipette 50.0mL water samples in 150mL conical flask, add a few grains of glass beads 

along the sidewall to add a new preparation HNO 3 + KC1O 4 (equal mixture) 5m L shake 
overnight.The next day at the hotplate digestion to white smoke, removed, cooled, washed 

with water and the bottle wall, heating was continued until the white smoke, and repeated 

twice (not evaporated to dryness) was transferred to a 50 mL volumetric flask, after cooling, 
the following steps Curve of the same work.Simultaneous determination of two full blank 

procedure. 
V. Results and Discussion  

1, the detection limit 
Measuring the fluorescence signal of the blank solution 11 times in a row three times 

the standard deviation of the detection limit of 0.14g / L. 
2, the accuracy of the preparation of four different concentrations of the standard 

solution to be measured, the results are shown in Table 1. 
Table 1 Standard solution measurement results (n = 4) 

Mass concentration of the 

standard solution (μg / L) 
Determination of the 

mean (μg / L) 
Determination 

of error (%) 
0.300 
0.500 
5.00 
10.0 

0.299
0.501 
5.10 
9.90

-0.3
0.2 
2.0 
1.0

  
Seen from Table 1, the relative error between the measured value and the standard 
solution prepared values ≤ 2.0%, indicating that the accuracy of the method is good. 

3 real samples 
Paint wastewater sample 50ml taken after filtration were measured, and results are 

shown in Table 2. 
Table 2 Paint wastewater sample measurement results (n = 4) 

Sample  Determination 

of the mean 
(μg / L) 

RSD
(%) 

Plus 

scalar 
(μg / L)

Recovery
(μg / L) 

Recovery 

(%) 



1 
2 
3. 
4 

0.279 
0.313 
0.672 
2.22 

1.5
1-June 
0.9 
3.5 

0.300
0.300 
1.00 
3.00 

0.285
0.276 
0.900 
3.27 

95.0 
92.0 
90.0 
109 

  
Seen from Table 2, the actual sample measurement results relative standard deviation of 
≤ 6.1%, better precision, spiked recoveries between 90.0% to 109%, are in line with the 
water quality monitoring technical specifications of Jiangsu Province, the quality of the 

waste water monitoring provisions requirements. 
Six, methods sources 
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8.6.7 Atomic Fluorescence Spectrometry indium tin 

  
First, the method summary 

Test Atomic Fluorescence Spectrometry Indium tin EDTA the complexation Jing masking 
indium EDTA and indium and tin to form the stability constant of the complex, positive 
interference to overcome matrix indium tin; optimized The instrument measurement 

conditions, the determination of the range of W (Sn) of 0.001% to 1.00% and the 

recoveries of 99% to 105%.The proposed method for the determination of tin in indium 
products, results consistent with the colorimetric and iodimetric of phenylfluorone 

law.The 8 independent analytical precision (RS D) 2.4% to 10%. 
Second, reagents 

KOH, HCl, H 2 O 2 Are superior grade pure; 
KBH 4 solution, ρ = 3 0g / L: Weigh 3g KBH 4 was dissolved 100mL 5 g / L KOH, now equipped 

with; 
100g / L of the EDT solution A; 
Tin standard stock solution: Weigh take 0.1000g metal tin 200m L beaker, adding 10m L 

HCI, heating dissolved, to be dissolved, add a few drops of H 2 O 2 and 1.2mol / L HCl volume 
to 1L shake.This solution P (Sn) = 0.1000 g / L; 

Tin standard solution: Pipette 5m L tin standard stock solution in a 500 mL volumetric 
flask, with 0.36mol / L HCI at constant volume, and this solution ρ (Sn) = 1 mg / L. 

Third, the test conditions 
See tin standard analytical conditions 

4, experimental methods  
1, standard work curve linear range: Pipette 0, 1.00, 2.00, 5.00, 10.00, 15.00, 20.00, 

30.00mL Sn standard solution in a 100mL flask, each adding 2 m L HCl, 2 mL of EDTA, water 
dilute to volume, mix, following the same experimental method, measuring the fluorescence 

intensity of the standard solution, drawing working curve.The linear range of 0 ~ 150n g / 
mL, the correlation coefficient r = 0.9990. 

2, the sample analysis 
0.5000 ~ 1.0000g sample based on the level of the Sn content in the sample, weighed, and 

placed in a 50 mL beaker, add 1 0ml HCl, 1 mL of H � O 2, the low temperature heating was 

dissolved completely, heating continued to destroy the remaining H 2 O 2, Remove the 

cooling, with high water volume to 50 ~ 200 ml volumetric flask.Points to take the 



appropriate amount of the test solution at 100 ~ 200m L volumetric flask, the amount of 
the addition of acid to the acidity of the solution to 0.36 mol / L HCl added to 6 mL of 100 g 
/ L EDTA constant volume under test, the sample blank accompanying tests . 
V. Results and Discussion 

1, the choice of instrument conditions 
The test showed that the: ① increased fluorescence intensity lamp current is 

increased, taking into account the sensitivity and good signal to noise ratio need select 

Instrument operating current of 70mA.② atomizer 5 to 1 0 mm in height, little change in 
fluorescence intensity of the Sn standard, blank value with the atomizer height increases, 
to select the height of the atomizer is 8mm.(3) fluorescence intensity increases with the 
negative high voltage increases, select instrumentation negative high voltage of 410V.④ 
the fluorescence intensity with the carrier gas flow rate increases and reduces the 

sensitivity conditions are met, select the carrier gas flow rate of 500 mL / min.⑤ 

shielding gas flow rate greater than 500m L / mi n, the fluorescence intensity stabilized, 
select the shielding gas flow rate of 800m L / mi n.⑥ The oven temperature is 700 to 800, 
the fluorescence intensity of Sn highest ratios are good, Select 740 ℃ As the instruments 
to measure the furnace temperature.(7) test select delay time 0S, reading time for 10S. 

2, the acidity of the choice of 
The tests showed that: HCI acidity of significant effect on the fluorescence intensity of 
Sn, in less than 0.24mol / L HCI medium fluorescence intensity over the acidity increases; 
0.24 ~ 0.6mo l / L HCl acidity fluorescence intensity change is not ; greater than 0.6mol / L 
HCI acidity fluorescence intensity dropped drastically.Experimental select HCl acidity 
0.36mo L / L. 

3, KBH selection of the concentration of the solution 
The test showed that: the fluorescence intensity as the concentration of KBH 4 increases, 
but the SNR tends to decrease.This experiment choose KBH 4 concentration 3 0g / L. 

4, interfering ions and its elimination 
Establish the present method to be analyzed, Indium (In) 95% to 99.95% and the mass 

fraction of the other component Sn0.001% to 0.85%, Cd0.0005% to 2%, Pb 0.0005% to 0.05%, 
T10 .0005% ~ 0.15%, B i0.001% ~ 0.5%, Zn, Cu, Fe are 0.001% to 0.05%.Under the experimental 
conditions, In the main maximum amount were added to the solution to be tested, and then 
EDTA was added, to be measured by experimental methods: tests showed that under the 
conditions of this method, in addition to In presence of severe interference, Cd (content 
of the coexisting ions 5% added) to slightly affect other coexisting ions Sn determination 
of no significant impact.EDTA and In its impurities can form a stable complex, 
complexation with Sn, In, Cd, Bi, Pb, A L, Zn, Cu, Tl, Fe, the stability constants of the 
order of 22, 25, L6, 28, 18, 16, 16, 19, 38, 14.Of binding EDTA with I n Complex stability 
constant characteristics of a large ratio Sn in the Sn amount of 100 ug of l0 g / L In the 
solution were added 1, 2, 3, and 4 mL of 100 g / L EDTA, S, n recycling rates were 139%, 105%, 
105%, 95%.EDTA inhibition In Sn measured positive interference to achieve the desired 
effect.Add 5g / L ascorbic acid thiourea mixture of 2 mL, 500 times the C d Sn measured 
interference also be eliminated.Other Pb, Al, Zn, Cu, Fe, Bi, etc. in the content of indium 
products is typically less than 1%, the determination of the S n is not formed affected. 

5, the method accuracy and precision 
Weigh the different specimens and adding Sn standard solution was dissolved by 

experimental methods the sample measurement Sn content, the results shown in Table 1. 
Table 1 recovery test results 



  
Sample 

  
m (Sn) / 
μg 

w (Sn) / (μg / g) Recoveries 
1. People face 
tradeoffs 2. 
The cost of 
something is 
what you give 
up to get it 3. 
Rational 
people think at 
the margin 4. 
People 
respond to 
incentives 
Trade can 
make 
everyone 
better off 
Markets are 
usually a good 
way to 
organize 
economic 
activity 
Governments 
can sometimes 
improve 
market 
outcomes A 
country's 
standard of 
living depends 
on its ability 
to produce 
goods and 
services Prices 
rise when the 
government 
prints too 
much money 
Society faces a 
short-run 
tradeoff 
between 
Inflation and 
unemployment 

Original 

content 
Determination 

of the total 



1 
  
2 
  

20 
50 
25 
50 

37
  

100 

58
86.8 
126 
149.5 

105
99.6 
104 
99.0 

  
As can be seen from Table 2, the method of recovery was 99% to 105%.Analysis step, three 
samples 8 times independent analysis of said sample, and compared with other methods, and 
results are shown in Table 2. 
The accuracy and precision of the method in Table 2 

  
Sample 

w (Sn) / 10 -2 RSD 
(%) Measured values Average

Refined 

indium 
  
Crude 

Indium 

A 
  
Crude 

Indium 

B 

0.0034 0.0038 0.0031 0.0040
0.0037 0.0036 0.0037 0.0035 
0.038 0.030 0.036 0.034 
0.040 0.031 0.038 0.037 
0.83 0.85 0.88 0.84 
0.82 0.87 0.85 0.86 

0.0037
  
0.036 
  
0.83 
  

7.6 
  
10 
  
2.4 

  
Six, methods sources 
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Nine tellurium (Te) 

9.1 Physical parameters 

Atomic weight:                                   127.600 
Ionization energies: 9.01 eV 
Hydride dissociation energy: 2.7 eV 
LEVEL (eV) Wavelength (nm) 
214.27 0.000 - 5.783 
225.90 0.000 - 5.486 
238.33 0.584 - 5.783 
238.58 0.589 - 5.783 
  



9.2 standard stock solution 

(1) standard stock solution (1mg/ml): Weigh accurately TeO 2 solid powder 1.2508g 
dissolved in 10ml HCl diluted to 1000ml.Or high purity tellurium powder was accurately 
1.000g, HNO 3 hot HCl dissolved diluted to 1000ml 10ml dropping. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
(4) tellurium standard series configuration, excellent pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid (ml) 

Add tellurium stock 

solution (0.1mg / L) 
(Ml) 

Fixed volume

(Ml) 
The 

concentration 

of the 

solution 
(Ug / L) 

Std0 10 0 100 0 
Std1 10 1 100 1 
Std2 10 2 100 2 
Std3 10 4 100 4 
Std4 10 8 100 8 
Std5 10 10 100 10 
Single standard automatic grading curve

Std5 10 10 100 10 
(5) the standard curve (for example) 

 

9.3 standard analysis conditions 

Reducing reagent:                                       1.5% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Tetravalent 

The image part with relationship ID rId19 was not found in the file.



Standard acidity:                                        10-20% (V / 
V) HCl 

Carrier liquid: 2% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 290 
A (B, C) Road, the main lamp current (mA) 40 
Road assist lamp current (mA) 40 A (B, C) 

9.4 Samples Summary 

Water samples: 
Se, Te two elements of the water available La (OH) 3 precipitate was reached after 

preconcentration, For detecting two elements of Se, Te, as long as the precipitate was 
dissolved in HCl in the can. 
Geochemical samples: 

The sample is dissolved in HNO 3 and H 2 SO 4 mixture, and the solution was heated to 
white smoke to emerge after the water rinse the beaker wall and allowed to cool, and then 

again heated to its to boiling.Until the salt is dissolved, the solution was transferred 

to a volumetric flask.Pipette the solution 1ml, plus 4ml 2mol / L HCl (containing 1.25mg/ml 
of Fe (3 +) salt) for hydride generation, and AFS were detected.When analyzing complex 
samples, you must use the standard addition method. 



9.5 Interference and Elimination 

TE are the most serious interference in the hydride-forming elements.The existence 
of Cu, Bi, Au, Ag, Pt, etc. would seriously interfere with the Te-detection, Cd and Pd also 
its some interference. 

Other hydride-forming elements, in the content thereof is not more than 10 μ g / ml of 
the case does not affect detection of Te. 

If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 
molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 

9.6 Application method compilation 

  

9.6.1 Hydride Generation - Atomic Fluorescence Spectrometry Determination of 

Trace Tellurium in Geochemical Samples 

  
First, the method summary 

Hydride atomic fluorescence spectrometry is a determination of Te high sensitivity 
analysis methods, and has long been reported in the literature, but the separation means 

are sulfhydryl cotton, ion exchange, precipitation separation methods such as [.In this 

paper, the the roasting enrichment separation - hydride generation - atomic fluorescence 
spectrometry determination of trace Te intermittent ignition device, while using to avoid 
drift long measurement time when the ambient temperature of the furnace is gradually 

making the test results, and thus to ensure that the method The precision and accuracy. 
Mix the sample with activated carbon, MgO + Na 2 CO 3 do trapping agent, calcined at a 

temperature of 750 ℃, and then the water is extracted, Te enters solution with the most 
separated from the coexisting elements with ethanol, to restore the high manganese ions, 

acidification of the solution was HC1 After added o the PHEN masking Cu and other elements 
interference determination of the fluorescence signal value for the Te.The detection 
limit was obtained under this condition 0.005μ g / g, the linear range 0.025 ~ 10μ g / g, 
precision (RSD, n = 8) of 5.03% to 9.24%.The method has been used for the determination of 
the national level geochemical standard substances Trace Te results with standard values 
match. 
Second, reagents 

Tellurium standard stock solution: ρ (Te) = 1g / L, 4 mol / L HC1 medium (Beijing Central 
Iron and Steel Research Institute prepared the national level standard solution).The Te of 
working standard solution used in the experiment are used, using the above TE standard 



stock solution by serial dilution method, configured to the appropriate concentration, 4 
mol / L HCI dielectric. 

Trapping agent: Quantitative weighed at a mass ratio of 1: 4 of MgO and Na 2 CO 3, the 

solid reagent, using an agate mortar RESEARCH uniform. 
KBH 4 solution: Weigh 7 g KBH 4.In advance plus 2 g KOH dissolved, moved into a 1000 mL 

volumetric flask, diluted with deionized water to the mark.Now with the existing service. 
10 g / L the Phenanthroline aqueous solution. 
0.5 g / L methyl orange solution. 
Experiment with various reagents in addition to activated carbon for the spectrum 

pure, the rest were of analytical grade.The above reagents necessary before the blank 

experiment. 
Third, the test conditions 

See tellurium standard analytical conditions 
4, experimental methods  

4.1 curve drawing 
Pipette 100 ng / mL Te standard working solution 0 00, 1.00, 2.00, 4.00, 8.00, 12.00, 

16.00 mL in 100 mL volumetric flask dilution measured following 4.2 Experimental methods 
to draw the appropriate working curve. 

4.2 Sample Decomposition 
Weigh 0.500 ~ 1.000 g of sample in a corundum crucible mixing with 0.15 g activated carbon, 

followed by coverage 0.3 g MgO, 1.2 gMgO + Na 2 CO 3 of mixed trapping agent.Put people in a 
muffle furnace, from the low-temperature gradually rose to 750 ° C for 40 min: Remove the 
cooled, placed in a PTFE beaker with deionized water extracted samples, 1 mL of ethanol, 
and boiled in the hot plate at low temperature concentrated transferred to deionized 

water to about 15 mL, 25 mL colorimetric tube, and diluted to the mark, shake. 
Dispensing clarify the solution l0 mL in 25 mL colorimetric tube, add 2 drops of methyl 

orange indicator, NH 3 · H 2 0 solution was adjusted to yellow after adding 7 mL of HC1, 2 
mL aqueous solution phenanthroline , Shake shake after 100 ℃ water bath for 20 min, 
diluted to 20 mL with deionized water after removing determination on the machine with 
the same standard solution. 
V. Results and Discussion  

5.1 atomizer to pre-heating temperature of the 
As used herein, the instrument new configuration patented technology argon-hydrogen 

flame low temperature automatic ignition device, so that can be formed at any temperature 

argon hydrogen flame, pre electrically heated to 800 ° C without the furnace 

core.Experiment the pre-heating temperature is still a large effect on the fluorescence 

intensity, the results show that (Figure 1) temperature at 50 ~ 150 ℃ fluorescence 

intensity increased slowly and reached a maximum of 150 to 200 ° C, with the temperature 

at 200 ~ 400 ℃ higher The fluorescence intensity slow decline greater than 500 ° C 

fluorescence intensity increased at first and then slowly decline.The authors believe 

that in this process, it may be because as the temperature increases, at 50 ~ 150 ℃ Teh 
transmission efficiency is increased, the measurement sensitivity is increased slowly, 
TeH 2 by heating the quartz tube into argon at 200 ~ 400 ℃ hydrogen flame front part heat 
decomposition, the decomposition product into the argon-hydrogen flame is no longer is 

atomized to form a ground state atoms, so that the total number of ground state atoms in 

the flame is reduced, so to be detected by the light source to excite the fluorescent 

intensity decreases, .Greater than 400 ℃ after the effect of temperature may contribute 



to the thermal decomposition product and then atomized and so increase 

sensitivity.Experiments show that when the pre-heating 
A temperature of 300 ~ 400 ℃ after flame noise increases with temperature increasing, the 

measurement accuracy deteriorates.Usually when measured pre-heating temperature is 

selected to 200 ℃, sensitivity reproducible measurement results can be obtained. 

 
An original pre-heating temperature affect the curve 

5.2 Sample Decomposition method selection 
Experimental comparison and screening experiments calcined sample 

decomposition.Sample with activated carbon powder mix, the calcination at a temperature 
of 750 ℃ trap with MgO-Na 2 CO 3. 

The experiments show that the carbon powder added in an amount more than 0.1 g in order 
to quantitatively recovered Te samples, select the added amount of 0.15 g.MgO is added in 
an amount of 0.25 g, and the samples of Te can be quantitatively recovered, select the 
amount of the trapping agent is 1.2 g. 

The experiments also showed that the water extracted after roasting, make the Te 
fully soluble in water into the solution, best ask stirring, water was added to 80 mL and 
low temperatures slow steaming to a small volume. 

The experiment also found that the high price of manganese on the Te under 
interference is more serious, the use of ethanol to restore high manganese. 

5.3 interference experiments 
Dozen Yi Te (4μg) hydride interference element in accordance with the experimental 

methods of the experiment, the content of the elements present in the solution exceed the 

following values (μg / mL) when the determination of f scrambled: Au0.002, Pt 0.05, Pd 0.005, 
Ag 1.0, Cu, Bi 0.5, Se, Sb0.2, Hg 0.6, Co 20, Sn 50, Ni 500, Mn 1 000. 

The experiments show that the solution of high manganese serious interference on the 

determination.For general reconnaissance geochemical samples, sample decomposition method 

specified herein, the above interference elements into solution, high manganese to 

restore it into a low-cost way of adding ethanol, in the determination of the solution, 

then add 10 g / L o- The 2 mL phenanthroline can masking interfering ions enter the solution 
to achieve the accurate determination of Te quantitative. 

5.4 The method of determination of the lower limit and precision 
Selected under optimal testing conditions, 12 consecutive blank value measured and 

calibration curve corresponding to the standard solution, calculated at three times the 

standard deviation (3s), taking said sample volume and dilution, and its methods of 
detection limit of 0.005 μg / g.Two stream sediment subscript formulated in accordance with 
the present method of analysis steps, select the precision test samples, the GBW07305 

The image part with relationship ID rId20 was not found in the file.



the measured value of 121, 117, 120, 112, 120, 120, 114, 104 ng / g, and an average of 116 ng 
/ g, RSD 5.03%; GBW07309 the measured value of 47, 57, 52, 57, 62, 57, 52, 62 ng / g, an 
average of 56 ng / g, RSD of> 9.24%. 

5.5 The method validation 
To examine the accuracy of the present method, Wai level geochemical standard 

substance of Te were measured, the results are shown in Table 1. 
  
Table 1 analysis of the results of the control 

  
Standard 

material 

number 

w (Te) / 10 -6 Relative 

error (%) 
RE /% 

Standard 

values 
Measured 

values 

GBW07103 
GBW07104 
GBW07105 
GBW07106 
GBW07303 
GBW07304 
GBW073105 
GBW07311 
GBW07402 
GBW07404 
GBW07405 
GBW07406 

0.021
0.017 
0.002 
0.038 
0.140 
0.070 
0.120 
0.360 
0.035 
0.150 
4.00 
0.400

0.021
0.018 
0.026 
0.047 
0.128 
0.071 
0.109 
0.387 
0.031 
0.148 
3.584 
0.374

0.0
5.9 
18.2 
23.7 
-8.6 
1.4 
9.2 
7.5 
-11.4 
-1.3 
-10.4 
-6.5

  
Six, methods sources 
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9.6.2 pig iron and cast iron - Determination of tellurium content - hydride 

generation atomic fluorescence spectrometry 

  
4.1 Applicability Range 
    The recommended method by hydride generation atomic fluorescence spectrometry 

determination of tellurium content in pig iron, cast iron and alloy cast iron. 
This method is suitable for the mass fraction of pig iron, cast iron and alloy cast iron 

for the tellurium content of 0.00005% -0.01%. 
Second, the principle 
    The sample was decomposed with hydrochloric acid, nitric acid, by adding a 

solution of ammonium fluoride complex of tungsten, molybdenum, niobium, tantalum, etc. 

easily hydrolyzed elements, adding citric acid to suppress iron, nickel, chromium, cobalt, 

and other elements of the interference., Hydrogen telluride reduction generated by the 

carrier gas (argon) into a quartz atomizer atomized, atomic fluorescence excitation light 

in the hollow cathode lamp emitting high intensity tellurium, and fluorescence intensity 

was measured with potassium borohydride as reducing agent .Calculate the mass fraction of 

tellurium. 
Third, the reagent 



    Analysis, unless otherwise stated, using only the analytically pure reagents and a 

secondary distilled water or its equivalent purity water. 
3.1 nitrate (superior grade pure), about 1.42g/ml, 1 +1 
3.2 hydrochloric acid (superior grade pure), about 1.19g/ml 
3.3 citric acid solution, 400 g / L, 
3.4 ammonium fluoride solution, 200 g / L 
3.5 potassium borohydride solution, 20g / L 
    Weigh 20g of potassium borohydride, dissolved in 1000ml water containing 2g of potassium 
hydroxide.With existing service. 
3.6 tellurium standard solution 
3.6.1 tellurium stock solution, 100μ g / ml 
    Weigh 0.1000 g of high purity tellurium (mass fraction is greater than 99.9%), accurate 
to 0.0001g.Placed in a 500 ml beaker, add 100 ml of hydrochloric acid and a few drops of 
nitric acid, heated on a water bath at about 8 5 ℃ dissolved, dissolved clear after 

cooling to room temperature, transferred to a 1000 ml volumetric flask, dilute with water 
to volume, and mix.This solution 1ml containing 100μ g tellurium. 
3.6.2 tellurium standard solution A, 10.0μ g / ml 
    Shift to take 10.00ml tellurium stock solution (100μ g / ml), placed in a 100 ml flask, 
add 20ml hydrochloric acid, diluted with water to volume, and mix.This solution 1ml of 10.0μ 
g tellurium. 
3.6.3 tellurium standard solution B, 1.0μ g / ml 
    Shift to take 10.00ml tellurium stock solution A (10μ g / ml), placed in a 100 ml flask, 
add 20ml hydrochloric acid, diluted with water to volume, and mix.This solution 1ml of 1.0μ 
g tellurium. 
3.6.4 tellurium standard solution C, 0.10μ g / ml 
    Shift to take 10.00ml tellurium stock solution B (1.0μ g / ml), placed in a 100 ml flask, 
add 20ml hydrochloric acid, diluted with water to volume, and mix.This solution 1ml of 0.10μ 
g of tellurium.This solution is now with the existing service. 
Fourth, the instrument 
4.1 atomic fluorescence spectrometer 
4. 2 high intensity tellurium hollow cathode lamp 
Five steps 
5.1 said sample 
    Weigh approximately 0.10g sample, the accuracy of 0.0001g. 
5.2 Blank test 
    Along with the blank test sample. 
5.3 test material decomposition 
The sample placed in a 100 ml beaker, plus 20ml hydrochloric acid, 1 - 1.5ml nitric acid, 
dissolved by heating on a low temperature furnace, oven, added 5 ml of a citric acid 
solution (400 g / L) and heated to boiling.Remove the coolish, add 10 ml of hydrochloric 
acid, 5 ml of ammonium fluoride solution (200 g / L), moved to a 50 ml volumetric flask 
with water, dilute with water to volume, and mix. 
5.4 Measuring 
5.4.1 preparation of spectral measurement 
    Boot, set the lamp current and the negative high voltage.Before the measurement to 

warm up for at least 20min, optimization of the instrument according to the instrument 



manual.And the currently formulated solution of potassium borohydride (20 g / L) was 
poured into a dedicated reservoir bottle, and the intermittent flow mode was measured. 
5.4.2 Measuring 
    Measuring the fluorescence intensity of sample solution tellurium atom, minus the 

tellurium atom fluorescence intensity of the blank test solution, and the quality check 

by the working curve taken tellurium. 
5.5 curve drawing 
    Weigh 5 parts of the same amount of pure iron backing, at the steps of the sample 

just after the sample was dissolved, were added to the standard solution. 
Tellurium standard 0,0.50,1.00,5.00,10.00 ml of solution C (0.10μ g / ml) when the 
tellurium content of 0.00005% -0.001%, respectively; 
When the tellurium content of 0.001% -0.01%, respectively, added 0,1.00,2.50,5.00,10.00 
ml of tellurium standard solution B (1.0 μ g / ml). 
    Subtracting the reagent blank fluorescence intensity the tellurium atom 

fluorescence intensity from low to high measurement curve solution, the abscissa of the 

quality of the tellurium atom fluorescence intensity for the longitudinal coordinates to 

draw the working curve. 
Six calculate 
   Calculated as follows tellurium content, mass fraction, said: 
W Te = m 1 * 100 / m * 10 6 
Where: W Te - tellurium mass fraction,%; 
m 1 - the quality of the test compound tellurium, μ g; 
      the quality of the sample in the m-, g. 
VII, methods, sources 

CSM 07 01 52 05-2003 

Ten germanium (Ge) 

10.1 Physical Parameters 

Atomic weight:                                   72.590 
Ionization energy:                                   7.90 eV 
Hydride dissociation energy:                           6.9 eV 
LEVEL (eV) Wavelength (nm) 
249.80 0.000 - 4.962 
259.25 0.069 - 4.850 
265.12 0.171 - 4.850 
265.16 0.000 - 4.674 
269.13 0.069 - 4.674 
270.96 0.069 - 4.643 
275.46 0.171 - 4.674 
303.91 0.883 - 4.962 
  



10.2 standard stock solution 

(1) standard stock solution (1mg/ml):               Weigh accurately GeO 2 solid powder 1.4408g, 
added 50g of oxalic acid crystals 100ml deionized water dissolved and diluted to 1000ml; or 
accurately known as high purity germanium 1.000g, treated dropwise with a small amount of 
ammonia and H 2 O 2 dissolved in boiling water and then diluted to 1000ml. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
(4) the germanium standard series configuration, excellent pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

phosphoric 

acid 
(Ml) 

Add germanium stock 

solution (0.1mg / L) 
(Ml) 

Fixed 

volume 
(Ml) 

The 

concentration 

of the 

solution 
(Ug / L) 

Std0 10 0 100 0 
Std1 10 1 100 10 
Std2 10 2 100 20 
Std3 10 4 100 40 
Std4 10 8 100 80 
Std5 10 10 100 100 
Single standard automatic grading curve

Std5 10 10 100 100 
Notes: 

1,     The acidity of phosphoric acid in 20% in favor of germanium hydride. 
2,     When the room temperature is greater than 3 0 ℃, the germanium signal instability, 

so pay attention to the indoor temperature. 
3     Due to the germanium hydride highly volatile, the sample dissolution should be 

particularly careful not to introduce chlorine ion.Sample pre-treatment process, 

strict attention to the temperature, to avoid volatilization of germanium cause low 

test results. 
(5) the standard curve (for example) 
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The 10.3 standard analysis conditions 

Reducing reagent:                                       2% NaBH 4 
(KBH 4) was dissolved in 0.5% NaOH (KOH) 

Valence:               Trivalent 
Standard acidity:                                       10-20% (V / V) 

H 3 PO 4 
Liquid carrier: 10% H 3 PO 4 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 3 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 300 
Shielding gas flow rate (mL / min): 600 
Quartz furnace temperature (℃): 200 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 40 
Road assist lamp current (mA) 40 A (B, C) 
  

Summary of 10.4 samples 

Geochemical samples: 
Samples were dissolved in HF, HNO 3 and H 3 PO 4 of the acid mixture, heating its to 

white smoke, and then to adjust the acidity of the solution with 20% (v / v) H 3 PO 4.Pipette 

a sufficient amount of sample for testing. 



10.5 Interference and Elimination 

Cu would interfere with the detection of elements of Ge, but the interference can be 
eliminated by the addition of thiourea.Other hydride-forming elements, in the content 

thereof is not more than 10 μ g / ml of the case does not impact on the detection of GE. 
As can result of a high content of gas interference, which can be formed by bringing 

hydride eliminated by absorbing liquid containing HgCl 2. 
If coexistence may be formed hydride element content is more than 200 μ g / ml, then the 

molecules produce fluorescence or the occurrence of the phenomenon of scattering will 

cause spectrum interference. 

The 10.6 application method compilation 

  

10.6.1 graphite tube cathode electrochemical hydride generation atomic 

fluorescence spectrometry germanium 

  
First, the method summary 

Electrochemical Hydride (Electrochemical Hydride Generation Ec-HG) technology is a 
new method proposed in recent years.By cathode electrolysis-generated atomic hydrogen (H) 
occurs at the electrode surface with a hydride elements of the reaction of the 

corresponding hydrides, and thus be detected.Hydride formation efficiency and cathode 

material of the hydrogen overpotential of the height, the size of the surface area of 

material and structure of the battery and other closely related.The cathode material 

commonly used Pt, carbon, and Pb.The electrolytic cell configuration flatbed; cylindrical 
electrolytic cell using fewer, often using a porous glass carbon [3] is filled and the inner 
cylindrical electrode, such as lead pellets and other material. 

In this study, using atomic absorption method in graphite tube as a cathode material, 

assembly into round electrolytic cell, and atomic fluorescence was used to analyze 

samples of germanium content.The design of the electrolytic cell is a simple structure, 

ease of assembly, the electrodes are easy to clean.Determination of the Ge content in 
standard samples, carried out a detailed study of various experimental parameters and 
interference conditions, the detection limit of the method was 0.67 μ g / L (3 δ); 
relative standard deviation (RSD) (200 μ g / L 1.7%, n = 11). 
Second, reagents 



Said to take 0.1441g high purity GeO 2 in the beaker, add a small amount of water 
heated to dissolve transferred into a 100 mL volumetric flask, adding a few drops of H 2 
SO 4 and diluted with water to the mark, this is 1.0 g / L Ge standard stock solution ; 

The standard solution was washed with 2.0 mol / L H 3 PO 4 phosphoric acid stepwise 
dilution is made; 

Experiment with HC1, H 2 SO 4, HNO 3, H 3 PO 4 are excellent pure, other reagents were of 
analytical grade or analytical; 

The water was deionized water; 
Pt foil, the cation exchange membrane (Beijing HUANYU). 

Third, the test conditions 
See germanium standard analytical conditions 

4, experimental methods  
4.1 Experimental apparatus and electrode processing 
The electrolytic cell is shown in Figure 1.The cathode is a hydrogen overpotential 

higher graphite tube (6 mm × 28 mm ID), wall on the drill a plurality of apertures (φ 
0.1mm) for the solution and the ion conduction; anode was a Pt wire (100 mm × 0.1 

mm).Homemade PTFE inside and outside the casing divided battery yin and yang of the two 

districts, the cation exchange membrane wrapped around 
Within polytetrafluoroethylene nut outside the tube used for the ion conduction and gas 

barrier.Between the inner tube and the outer tube, sealed with a threaded cap, easy 

handling and adjustment of the electrode.The biggest advantage of this device is the 

surface area of the electrode, and the easy removal of the battery.Compared with the 
previous flat battery, avoid the use of screws sealed, assembled more simple, seal better. 

 
The structure of the electrolytic cell of Figure 1 
Fig. 1 Schematic diagram of the tubular electrolysis cell used for electrochemical 

hydride generation (Ec-HG) 
GLS of the gas-liquid separator (gas liquid separator). 
Before the experiment, with a hot 50% (V / V) HNO 3, treatment of graphite electrodes 

about 1min, washed with deionized water to remove some of the contaminants on the surface, 
the battery assembly.Using peristaltic pumps Walter deionized water for cleaning the 

electrode surface, and then to Walter the electrolyte solution and electrolysis of 

approximately 5min background signal of the electrode surface is reduced and 
stabilized.Washed with deionized water and filled with deionized water and placed in the 

end of the experiment.The battery after one week of continuous work, the signal decreased 

slightly, according to the above steps to deal with recovery. 
4.2 Experimental Procedure 
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First start the instrument two peristaltic pumps with a flow rate of 2 ml / min, 

respectively the anolyte (H 2 SO 4), and the cathode electrolyte injected into the 

electrolytic cell poles slot running 2min after the peristaltic pump flow rate was 

adjusted to 0.5 mL / min, the sucked sample solution, and 2A current electrolysis 

30s.Reaction of Ge in the cathode region, the electrode surface produced by electrolysis 
of atomic state H, and the sample solution, to generate the corresponding hydrides, one 
with the electrolyte solution out of the cathode region, and mixed in the four-way pipe 

with the carrier gas and the supplementary H: , after the separation of the gas-liquid 
separator (GLS) was given away atomization zone, while the outflow of the anolyte is 
recycled to be used repeatedly.The electrolysis is completed, in the blank solution of 2 
mL / min flow rate to pass through the anolyte and sample cleaning electrolytic cell 30s 

after the detection time. 
4.3 Standard sample pretreatment 
Accurately weigh 0.5000g, take the standard sample (GBW07406, GBW07302) were placed 

in PTFE beaker, adding 5mL concentrated the HNO 3 5mL40% HF solution low-temperature 
heating hot plate digestion to be about 0.5 mL, followed by addition of 2 mL H 2 SO 4 
continue heating hurry acid to a lot of white smoke emerge.Digestive juice is transferred 

to a 25 mL volumetric flask with 2.0 mol / LH 3 PO 4.Constant volume. 
V. Results and Discussion  
Optimum Conditions 

The type and concentration of the electrolyte is 5.1  
Experiment the acid medium of the four different concentrations in 0.5 mol / LH 2 SO 4 

for the anolyte of 200 
μ g / L of Ge in the fluorescence intensity of the (Figure 2).As can be seen from the 
figure, HNO 3 media at low concentrations and the fluorescence intensity is large, but 
with the increasing concentration of the fluorescent signal is a sharp decline.HCI and H 2 
SO 4 in the impact of the medium with similar fluorescence intensity 
Below HNO 3 and H 3 PO 4 medium, and to increase signal is reduced along with its 
concentration.Ge in the fluorescence intensity of H 3 PO 4 medium and stabilized between 1.0 
~ 3.0 mol / L.Due to the low concentration of medium to maintain constant current (2A) 
will produce relatively severe thermal effects, it was selected to 2.0 mol / LH 3 PO 4 
cathode liquid acid medium. 

5.2 the influence of electrolytic current 
The experimental results shown in Figure 3 shows, GE the fluorescence intensity in 

the current 0 to 1.5A between when the signal increases significantly; between 1.5 ~ 2.5A 
when the signal increases slowly and stabilized.Taking into account the thermal effects, 

experiments selected electrolytic current of 2A. 



 

 
5.3 carrier gas flow rate 
Ar as a carrier gas, and the resultant was transferred to the gas-liquid 

separator.Within the range of the flow rate of 300 ~ 600 ml / min of the fluorescence 
intensity of the analyte with the Ar flow rate of increase increases, and reaches the 

maximum at 600 ml / L, and then with the Ar flow rate increase and decrease.Therefore 
choose traffic 60O mL / min flow rate of carrier gas. 

5.4 H 2 flow rate selection 
The study found that the electrochemical method is compared with the chemical method, 

the less the amount of hydrogen generated can not form a hydrogen flame, an additional 

output human H .H₂  2 flow fluorescence intensity between 280 ~ 400 mL / min and 
stabilized.Experimental select H 2 flow 300mL/min. 

5.5 sample flow rate and generate efficiency 
This experiment electrochemical hydride reduction efficiency is defined as E = (A 0 A 

t) / A 0, where A 0 is the standard solution by NaBH 4 reduction of the obtained fluorescence 
intensity, A 1 is the standard solution by electrochemical reduction The waste liquid with 
NaBH 4 in fluorescence intensity reduction assay.Sample flow rate of 0.3 ~ 3.5 mL / min 
within the experimental range, the the Ge fluorescence intensity with increasing flow 

rate first increase and then decrease, but its hydride generation efficiency is reduced 

to 16.0% from 47.9%.A combination of factors to consider both experiments selected sample 

flow rate of 0.5 mL / min. 
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5.6 standard work curve 
In the experimental conditions selected, GE linear relationship is F = -75.74 +4.37 C, 

R = 0.9989, the detection limit to 0.67g / L (3, δ); relative standard deviation is 1.7% 
(200 μ g / L, n = 11).The experiments show that the electrochemical hydride generation 
atomic fluorescence spectrometry determination of Ge content in the sample. 

5.7 interference experiments 
The effects of different concentrations of interfering ions on 200 μ g / L Ge 

interference situation.2 mg / L of Ca 2 
+,

 of Cu 2 
+,

 of Co 2 
+,

 and Fe 3 
+,

 Ni, 2 + and of Al 3 + 

within the range of 5% error does not affect the determination; 40 mg / L Cu 2 
+,

 Ni, 2 + 
serious interference.Hydride forming elements in the 10-fold under the conditions, does 
not affect the measurement. 

5.8 actual sample analysis 
In the experimental conditions selected, through the analysis of the standard 

substance proved that the present method is true, reliable and can be used for the actual 

sample analysis. 
Table 1 Sample analysis and spiked recovery experiment 

Sample ID True 

value (mg 
/ L) 

The 

measured 

value (mg 
/ L) 

Added in 

an 

amount 
(mg / L) 

Recovery 

amount 
(mg / L) 

Recovery 

(%) 

GBW07406
GBW07302 

2 ± 0.4 
1.7 ± 

0.3 

3.0 ± 

0.5 
1.5 ± 

0.2 

2.0
2.0 

2.2
2.1 

110 
105 

  
Six, methods sources 
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10.6.2 Microwave Digestion - Hydride Generation Atomic Fluorescence 

Spectrometry cosmetics germanium 

  
First, the method summary 

Germanium (Ge) is a quasi-metal element, has important uses in the semiconductor and 
other industrial fields, while germanium is essential trace elements of the human body may 
be, having many lives learning function.With the further understanding of the 

physiological role of germanium, such as having to promote cell growth and metabolism, 

the immune function of the withered section, clear the body of free radicals, anti-

inflammatory, anti-viral, anti-aging, anti-cancer, lowering blood pressure and other 

biological effects, many of germanium compounds has been used in the field of health care 
in r.But by f germanium compounds have a certain toxicity, so germanium poisoning incidents 
have also occurred.The most common of which is the inorganic germanium poisoning 

reported.Organic germanium compounds, currently the most widely used is ethyl germanium 
sesqui oxide (β-carboxyethyl germanium -132).Because of its lower toxicity and also 
determine the medical and health benefits, mainly for food grain additives and some 

cosmetics [1].Germanium -132 synthetic precursor of inorganic germanium (germanium dioxide), 
which inorganic germanium content is an important indicator of germanium -132 product 
quality, and the determination of inorganic germanium organic germanium samples have 

certain practical significance.The germanium compound analysis method spectrophotometry, 

differential pulse polarography , Ion chromatography, and mass spectrometry.Hydride 
generation - atomic fluorescence spectrometry (HG - AFS) have a unique advantage in the 
determination of marks, trace germanium [7], the method is simple, fast, and sensitive.In 

this paper, germanium in phosphoric acid react with the boron hydride generated hydrides 

and hydride generation - atomic fluorescence spectrometry (HG - AFS) determination of 
inorganic germanium in cosmetic condition.Applied to the determination of the actual 

sample results: the linear range of 0 ~ 100μ g / L, the detection limit for 0.02μ g / L g, 
of 0.5μ g / L And 1.0 μ g / L of germanium standard solution l1 continuous measurement of the 
relative standard deviation of 2.9% and 1.5% Conclusion: This high sensitivity, low 

detection limit, applied to the determination of cosmetics samples and compared with 

other methods, the results satisfaction. 
Second, reagents 

Ge standard stock solution: 1.0 g / L, 0.1000 g of high-purity germanium powder was 
weighed in a 100 ml beaker, the plus l0ml water and 0.5 g NaOH.Added dropwise a few drops of 
H 2 O 2, and heating in a boiling water bath, cooled and transferred to a 100 ml volumetric 
flask, dilute to the mark, the medium is 0.5% H 3 PO 4; 

KBH 4 solution: 20 g / L (2 g / L KOH media) now with the temporary use; 
L-cysteine: 2 g / L; thiourea: 20g / L; 
Experiments with other reagents were of analytical grade and the water was deionized 

water. 
Third, the test conditions 

See germanium standard analytical conditions 
4, experimental methods  

4.1 Preparation of sample solution 



Weigh 0.3 g (accurate to 0.0001 g) samples in a microwave digestion tank, add 5 ml HNO 3, 

tighten the lid was allowed to stand overnight, the next day added to 1 ml H 2 O 2, low-
temperature hot plate digestion 0. 5 h After cooling, the microwave oven.Select the 
pressure of four stalls, each stall heated 3 min.Remove the cooled, carefully transferred 
to 25 m1 colorimetric tube shake stand. 

4.2 Experimental Procedure 
The prepared sample solution and standard solution series placed in 50ml volumetric 

flask, adjusted to 1.0 mol / L H 3 PO 4 medium adding other phase reagents intermittent flow 
directly from the dual pump injector device import, first and 20 g / L KBH 4 solution was 
mixed, and then into the gas-liquid separator together with 0.75 mol / L H 3 PO 4 solution, a 
hydride generated from argon gas loaded into the quartz furnace, to the original 

Fluorescence Spectrometry. 
  
V. Results and Discussion  

5.1 sample digestion method selection 
More complex sample ingredient in cosmetics, grease, organic content more, in order 

to avoid large volumes of gas produced in the digestion process is not conducive to the 

digestion of the cooling of the end systems and the buck and safety factors, are 

generally not added HF and HCIO 4, H ₂ SO 4 Although all organic compounds can also damage, 
but due to the more difficult to control the temperature in a sealed container.Reached 

the boiling point temperature thawing digestion inner tank, also should not be used.In 

order to ensure that the sample is completely digested.Avoid analyte volatilization loss 

experiments HNO 3 - H 2 O 2 as a digestive reagent. 
5.2 confined by Microwave Digestion choice of system parameters 
Because the cosmetic contains more organic matter, adding acid fierce response, there 

are a large number of bubbles generated directly into the microwave oven is very 

dangerous, so selecting After standing overnight, electric panels and then into a 

microwave low-temperature heating.Microwave Digestion, elevated pressure inside the 
container.So that the corresponding rise of the boiling point of the acid, and nitric 

acid at an atmospheric pressure, a boiling point of 12 0 ° C, and when the pressure was 

increased to 5 atmospheric, the boiling point may be up to 176 ° C [5] After the test, the 
paper selection 0.5, 0, 1, 2. 0 MPa pressure stalls, each stall for 3 min, a total of 12 min. 

5.3 Media and the acidity of the carrier selection 
, Acids and acidity is an important condition for the formation of the hydride.Test 

HC1, HNO 3, H 3 PO 4 as a medium Ge fluorescence intensity was measured, the results show 
that the three kinds of acids can be used as a medium, but taking into H 3 PO 4 as a medium 
of an alkaline earth metal, of Fe, Hg, and Me such elements are preferably inhibited.In 
this experiment 
H 3 PO 4 as a medium, H 3 PO 4 concentration is greater than 1 mol / L, the fluorescence 
intensity is stabilized. 

Upload stream (reaction acid) Ge fluorescence intensity was measured a certain impact 
test of the HCI HNO 3, H 3 PO 4 as set out stream (reaction acid) Ge fluorescence intensity of 
the impact was measured, the results show that, H ₃ PO 4 as carrier highest sensitivity to 
the different concentrations of H 3 PO 4 as a carrier of the Ge fluorescence intensity was 
measured test, see Figure 1, the experimental selected 0.75 mol / L H 3 PO 4 as a carrier. 



 
Figure 1 reaction of acid on the fluorescence intensity of the Ge (ρGe = 40μg / L) 

5.4 KBH 4 Determination of Ge concentration 
KBH 4 generates active hydrogen with germanium in the acidic solution the reaction of 

hydride and hydrogen, so KBH 4 is an important factor in the reduction reaction of the 
impact germanium, test results showed that, of 15 - 25 g / L KBH 4 can produce a strong and 
stable fluorescent signal , shown in Figure 2, KBH 4 concentration is too low, germanium 
restore does not completely, but if the concentration is too high, and H 3 PO 4 Violent 
reaction to generate a large amount of hydrogen, while the flame is not stable, and 20 g / 
L KBH was selected as the reducing agent. 

 
Figure 2 potassium borohydride Determination of Ge (ρGe = 40μg / L) 

5.5 Effect of coexisting ions 
Ge atomic fluorescence determination of interfering elements VIII, IB Ⅱ the B clan as 

well as hydride-forming elements [6, 
7], [8] reported thiourea can eliminate the impact of the 

transition metal elements , the amount to zero valence in the 20 g / L is appropriate, too 
large will reduce the fluorescence intensity of the Ge-, L-cysteine can be effective in the 
reduction of Se, Te, etc., used in an amount of 2 g / L is appropriate.Was measured under the 
selected experimental conditions, 5.0μ g / L Ge, the the coexisting ions allowable amount 
(mg / L): Fe 3 + (300), Cu 2 + (100), Co 2 + (100), Ni 2 + (50), Sb (Ⅲ), Pb 2 + (1000), As (m) (10), Te 
(IV), Se (IV), Hg 2 + (10). 

5.6 linear range, limit of detection and precision 
The working curve drawn in accordance with the experimental methods, the GE mass 

concentration of 0-100 g / L, and the fluorescence intensity (I f) a linear relationship.Linear 
equation I f = 4.0726C +1 5103 (c is the mass concentration: μg / L), the correlation 
coefficient r = 0 9993 11 determinations consecutive blank sample obtained detection limit 
for 0 02 g / g, the relative standard deviation of 2.9% and 1.5% respectively. 

5.7 Sample Analysis 
By 4.1 steps taken commercially available four types of cosmetic preparation of the 

sample solution, measured at 4.2 steps, the results are shown in Table 1. 
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Table 1 Sample Results 
Sample This 

Act 
(μg / 
g) 

RSD 
(N = 5,%)

Other 

methods 
(μg / 
g) 

Added 

in an 

amount 
(μg / 
g) 

Measured 

values 
(μg / g) 

Recoveries 
(%) 

1 
2 
3 
4 

0.015 
0.028 
0.136 
0.089 

2.7 
3. 
1.9 
1.7 

0.018
0.030 
0.132 
0.087

0.025
0.025 
0.025 
0.025

0.041
0.052 
0.162 
0.114

104.0 
96.0 
104.0 
100.0 

Note: Other Methods: Phenylfluorone Spectrophotometry 
Six, methods sources 
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10.6.3 Determination of drinking natural mineral germanium 

  
First, the method summary 

Analysis of germanium by spectrophotometry, spectrophotometric determination of trace 

germanium need extraction, not only the means of operation is more complicated, and 

organic reagents used to cause pollution to the environment, is extremely harmful to the 

human body. 
In recent years, the hydride generation - atomic fluorescence spectrometry 

determination of many reports of germanium, causing the analysis of the importance of 

workers.Generally believe that is the preferred method for determination of trace 

germanium.Trial, research, preferably the test solution medium and the optimum operating 

parameters of the instrument, preferred test solution medium and instrument conditions, 

the method is simple, fast, and high sensitivity.Detection limit: 0.0024mg / L, the 
relative standard deviation of less than 18.2%.For determination of drinking natural 
mineral water in germanium, and achieved satisfactory results.Has been successfully 

applied to the testing of drinking natural mineral water evaluation of germanium content. 
Second, reagents 

Germanium standard stock solution of 100mg / L Ge said learn 600 ° C burning GeO 2 
(99.99%) 0.0289g in 200ml beaker, add 150ml water, heated in a water bath dissolved, 
constant volume 200ml; 

Germanium standard working solution: step by step with the germanium standard stock 

solution diluted 0.0050mg / L, 0.010mg / L, 0.020mg / L, 0.030 mg / L, 0.040 mg / L, 0.050 mg / L; 
Phosphoric acid (analytical grade); 
Carrier solution: 10% phosphoric acid solution; 
Reductant solution preparation: KBH 4 (m / v) in 0.5 (m / v) NaOH solution medium; 

Third, the test conditions 
See germanium standard analytical conditions 

4, experimental methods 
4.1 sample 
Drinking natural mineral water 
4.2 calibration test 



The accompanying sample standard recovered, adding a standard amount of 0.010mg / L, 
and 0.030 mg / L. 

4.3 Determination 
Standard curve: 
The preparation of germanium standard working fluid from each of 20ml in 25ml 

colorimetric tube, adding H 3 PO 4 (1 + 1) 5ml, Shake (2.2) of the selected instrument parameters 
measured standard curve.The water samples 20ml 25ml colorimetric tube, add 1: 1 H 3 PO 4 5ml 
shake lessons sample 2ml measured instrument operating parameters, the corresponding 
concentration from the standard curve. 

Calculated as follows: 
ω (Ge) = C 
Wherein: c a sample from the standard curve obtained in the Ge concentration in mg / L, 

respectively. 
V. Results and Discussion  

5.1 test solution medium of choice 
After testing, the germanium in the HNO 3, H 2 SO 4, HCl, H 3 PO 4 medium with a boron 

hydride, potassium can form volatile hydrides.However, in the H 3 PO 4 medium its highest 
sensitivity.Between 5 to 15% by test H 3 PO 4 concentration in the fluorescence intensity is 
high and stable.For this reason, I chose to use the 10% H 3 PO 4 media tested. 

5.2 standard curve 
The preparation of germanium standard working solution 1:1 H 3 PO 4 5ml 10ml 25ml 

colorimetric tube shake selected test instrument conditions, and the standard 
curve.Germanium linear relationship (0-0.050) mg / L range in the method of test conditions. 

5.3 the accuracy and precision of the analytical method 
Our selection of synthetic water samples (including Ge0.010, 0.030, 0.050mg / L) three 

samples of 12 measurements were made to calculate the accuracy and precision.The results 
are as follows in Table 1. 

Table 1 analysis method accuracy and precision of the unit: mg / L 
Sample Mean (n = 12) Standard 

values 
(%s) RE% RSD (%) 

Sample 1
Sample 2 
Sample 3 

0.011 
0.031 
0.051 

0.010
0.030 
0.050 

0.00
2 

0.00
2 

0.00
2

10
3.3. 
2.0 

18.2 
6.5 
3.9 

  
Six, methods sources 
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Eleven zinc (Zn) 

11.1 The physical parameters 

Atomic weight:                                    65.4 
Ionization energy:                                    9.379 eV 
Hydride dissociation energy:                            Unknown 
LEVEL (eV) Wavelength (nm) 

213.86           0.000-5.787 
  

11.2 standard stock solution 

(1) standard stock solution (1mg/ml): accurately weighed high purity zinc powder 
1.0000g 10ml HNO 3 (1 + 1) in a beaker and dissolved, transferred to a 1000 ml volumetric 
flask using deionized diluted with water to the mark. 

(2) Standard solution: prior to conducting the analysis required have been acidified 
deionized water standard stock solution was diluted. 

(3) or standard stock solution provided by the National Research Center. 
(4) Zinc standard series configuration, superior grade pure hydrochloric acid, 

deionized water (resistivity ≥ 10M ohms) 
Item 

No. 
Concentrated 

hydrochloric 

acid (ml) 

Add 100ug/ml Ni 
(Co) solution 
volume 
(Ml) 

Concentration 

of zinc 

reserves 
(0.1mg/ml) 
(Ml) 

Fixed 

volume 
(Ml) 

The 

concentration 

of the 

solution 
(Ug / L) 

Std0 1 0.0 0 100 0 
Std1 1 1.0 0.1 100 100 
Std2 1 1.0 0.2 100 200 
Std3 1 1.0 0.4 100 400 
Std4 1 1.0 0.8 100 800 
Std5 1 1.0 1.0 100 1000 
Single standard automatic curve 
Std5 1 1.0 1.0 100 1000 

Notes: 
1,     Zinc is easily contaminated, should strictly control the sample preparation 

process. 
2,     Narrow acidity range of zinc, should be strictly controlled acidity. 
3     Range of reducing agent and carrier gas to combine, or will affect the sensitivity 

and stability. 



4     Try to use the potassium salt, the reducing agent and to avoid the interference of 

sodium ion in order to reduce the flame noise. 
(5) the standard curve (for example) 

 

The 11.3 standard analysis conditions 

Reducing reagent 1.5% KBH 4 (NaBH 4) was dissolved 
in 0.5% KOH (NaOH) 

Valence:               Divalent 
Standard acidity:                                       1.0% (V / V) 

HCl 
Carrier fluid: 0.5% HCl 
Measurement parameters: 

The readings time (s) 12 
The delay time (s) 3 
Readings by: peak area 
Measuring method: standard curve method 
Injection settings: 
Blank discriminating value (IF): 10 
The carrier liquid once the injection volume (mL): 1.5 
The carrier liquid secondary injection volume (mL): 1.5 
Sample injection volume (mL): 1.0 
The carrier gas and temperature settings: 
Carrier gas flow rate (mL / min): 400 
Shielding gas flow rate (mL / min): 400 
Quartz furnace temperature (℃): 300 
Ignition way: Ignition 
Atomic furnace height: (mm)                 8 
Negative high voltage lamp current settings: 
Negative high voltage (V): 280 
A (B, C) Road, the main lamp current (mA) 40 
Road assist lamp current (mA) 40 A (B, C) 
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Summary of 11.4 samples 

Water samples: 
Added to 50ml water samples 10ml 1.2mol / L HCl solution (containing 2000 ng / ml Co.), the 

solution was transferred to a 100 ml volumetric flask, and diluted with water to the 
mark.The solution available soon ready AFS them Determination of Zn. 

11.5 Interference and Elimination 

Detection of zinc in water samples found no interference phenomenon. 
For complex samples, it is recommended that it be placed in a concentration of 2 mol / 

L solution of hydrochloric acid in-line ion-exchange (anion exchange resin), so that the 
Zn is previously separated. 
  
  
  
  
  
  
  
  
  
  
  

Appendix Ⅰ food compilation of national standards 

  

1, the determination of cadmium in foods 

GB / T 5009.15-2003 
Fourth generation atomic fluorescence method 
26 principle 

Food samples after wet digestion or after dry ashing, potassium borohydride, the 

volatile substances of the sample in the cadmium and potassium borohydride reaction 

generated cadmium.Specially cadmium hollow cathode lamp emission light excited atomic 

fluorescence, its fluorescence intensity is proportional to the concentration of cadmium 

in the measured liquid under certain conditions, with the standard series compare 

quantitatively by argon into quartz atomizer. 



27 Reagents 
27.1 Sulfuric acid (superior grade pure). 
27.2 Nitrate (superior grade pure). 
27.3 Perchloric acid (superior grade pure). 
27.4 Hydrogen peroxide (30%). 
27.5 Dithizone - carbon tetrachloride solution (0.5 g / L): said to take 0.05 g dithizone with 
carbon tetrachloride dissolved in 100 mL volumetric flask, dilute to volume, and mix. 
27.6 sulfuric acid solution (0.20 mol / L): 11mL sulfuric carefully poured into 900mL of 
water, after cooling, diluted to 1 000 mL, mix. 
27.7 Thiourea solution (50 g / L): Weigh 10 g of thiourea with sulfuric acid (0.2mol / L) was 
dissolved and diluted to 200 mL, mix. 
27.8 Cobalt-containing solution: Weigh 0.4038 g of cobalt chloride hexahydrate (CoCl 2 · 6H 2 
O), 0.220 g of cobalt chloride (CoCl 2), dissolved in water in a 100 mL volumetric flask, 
dilute to the mark.This solution is equivalent to 1 mg per ml cobalt Pro with serial 
dilutions to contain cobalt ion concentration of 50 μ g / mL. 
27.9 Potassium hydroxide solution (5 g / L): Weigh 1 g of potassium hydroxide dissolved in 
water, diluted to 200 mL, mix. 
27.10 Potassium borohydride solution (30 g / L): Weigh 30 g of potassium borohydride, 
dissolved in 5 g / L potassium hydroxide solution.And set the volume to 1 000mL, mix, now 
with the temporary use. 
27.11 Cadmium standard stock solution (1.00 mg / mL): with 3.10. 
27.12 Cadmium standard solution: accurate absorb cadmium standard stock solution, 
serially diluted sulfuric acid (0.20 mol / / L) to 50 ng / mL. 
28 instrument 
28.1 Dual channel atomic fluorescence spectrometer, the attached coding cadmium hollow 
cathode lamp, programmable intermittent flow injection device or atomic fluorescence 

instrument of its kind. 
28.2 Temperature digester: Test glassware, digestion required with nitric acid (1 +9) 
soaked for more than 24h, deionized water rinse after the stand. 
29 analysis steps 
29.1 sample digestion 

Said learn powder (pound) broken (40 mesh sieve) sample 0.50 g ~ 5.00 g, placed digestion 
device (the high moisture content of the sample should be placed in the 80 ° C fan oven 

baked to near dryness), added 5 mL of nitric acid + perchloric acid (4 +1), 1mL of hydrogen 
peroxide, to stand overnight.Heating digestion the next day, to the digestive juice 

showed a pale yellow or colorless, in time to make nitric acid, sulfuric acid (0.20 mol / L) 
of approximately 25 mL sample digestion solution was transferred to a 50 mL volumetric 
flask, accurately added 5.0 mL disulfide hydrazone - carbon tetrachloride (0.5 g / L), shake 
vigorously for 2 min, 10 mL of thiourea (50 g / L) and 1 mL of cobalt solution, set the volume 
to 50 mL of sulfuric acid (0.2 mol / L) mix under test, while doing reagent blank. 
29.2 standard series preparation 

Pipette 50 ng / mL cadmium standard solution 0.45, 0.90, 1.80, 3.60, 5.40 mL in 50 mL 
volumetric flask, each adding about 25 mL of sulfuric acid (0.20 mol / L), accurate to 5.0 mL of 
dithizone - tetrachloro CFC solution (0.5 g / L), and shake vigorously for 2 min, 10 mL of 
sulfur urea (50 g / L) and 1 mL of the cobalt-containing solution with sulfuric acid (0.20 mol / 
L) determine the volume to 50 mL (each equivalent cadmium concentrations of 0.50, 1.00, 



2.00, 4.00, 6.00 ng / mL), while doing standard blank.The standard blank liquid dosage 
depending on the sample Copies how many, but at least be equipped with 200 mL. 
29.3 Determination 

Model performance based on their respective instruments, the reference instrument 

conditions, the best determination of the state of the instrument was adjusted in the 

sample parameters screen, enter the following parameters: sample mass (grams or 

milliliters), the diluted volume (45 mL), and select the concentration of the results 
units.Gradually the furnace temperature was raised to the desired temperature, the stable 

measurement.Continuous injection using standard blank When the reading is stable, 

transferred to a standard series of measurements.Re-entry into the sample measurement 

blank value measurement state, with sample blank liquid injection, instrument averaging 

as a buckle at the end of the blank value.Followed by the measurement sample.After the 

determination, select "Print" report to the determination of the results automatically 

print. 
  
30 the results of calculations 
  

Sample cadmium content is calculated according to formula (4). 

 
In the equation: 
X - cadmium content in the sample, in units of milligrams per kilogram or milligrams 

per liter (mg / kg or mg / L); 
A1 - sample digestive juices in the cadmium content in units of nanograms per 

milliliter (ng / mL); 
A2 - sample blank solution cadmium content in units of nanograms per milliliter (ng / 

mL); 
V - the sample the digestive total volume (aqueous portion), in milliliters (mL); 
m - mass of the sample, in units of grams or milliliters (g or mL). 
The calculation results to retain two significant figures. 

  
31 precision 
  

The absolute difference between two independent test results obtained under 

repeatability conditions shall not exceed 10% of the arithmetic average. 
  

2, Determination of total arsenic in food 

GB / T 5009.11-2003 
Determination of total arsenic 
1 Scope 
This standard specifies the method of determination of total arsenic in various types of 

food. 
This standard applies to the determination of total arsenic in various types of food. 
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The method detection limit: hydride atomic fluorescence spectrometry: 0.01 mg / kg, and the 
linear range of 0 ng / mL to 200 ng / mL; 
The first law hydride atomic fluorescence spectrometry 
2 Principle 

Food samples after wet digestion or after dry ashing, the addition of thiourea to the 

pentavalent arsenic prereduction trivalent arsenic, and then added sodium borohydride or 

potassium borohydride reduction generated arsine, by argon Loading quartz atoms 

decomposition on the atomic state arsenic, to generate atomic fluorescence excited by 

light in the hollow cathode lamp emitting specially arsenic, its fluorescence intensity 

is proportional to the arsenic concentration in the test solution, under the fixed 

conditions with standard series compare quantitatively. 
3 reagent 
3.1 sodium hydroxide solution (2 g / L). 
3.2 Sodium borohydride (NaBH 4) solution (10 g / L): said take sodium borohydride 5.0 g, was 
dissolved in 2 g / L sodium hydroxide solution, and mix 1 000mL.This liquid can be stored in 
a refrigerator for 10 days, after removing the date using should take 14 g of potassium 
borohydride (also can be called in place of 10 g of sodium borohydride). 
3.3 Thiourea solution (50 g / L). 
3.4 Sulfuric acid solution (1 +9): the amount of sulfuric acid to 100 mL, and carefully 
poured into 900 mL of water, and mix. 
3.5 Sodium hydroxide solution (100 g / L) (for the preparation of the arsenic standard 
solution was washed with a small amount that is enough). 
3.6 Arsenic standard solution 
3.6.1 arsenic standard stock solution: arsenic 0.1 mg / mL.Accurately weighed, dried at 100 ℃ 

for 2 h or more of arsenic trioxide (As 2 O 3) 0.1320 g, plus 100 g / L sodium hydroxide 
dissolved in 10 mL, with the amount of water transferred to 1 000 mL volumetric flask, plus 
(1 +9 ) sulfuric acid 25 mL, with water to the mark. 
3.6.2 Arsenic standard solution: arsenic 1 μ g / mL.Pipette 1.00 mL arsenic standard stock 
solution in a 100 mL volumetric flask, dilute with water to the mark.This solution should 
be formulated to use Japanese. 
3.7 wet digestion reagents: nitric acid, sulfuric acid, perchloric acid. 
3.8 The dry ashing reagent: Magnesium nitrate hexahydrate (150 g / L), magnesium chloride, 
hydrochloric acid (1 +1). 
4 Instrument 
   Atomic fluorescence spectrometer. 
5 analysis steps 
5.1 sample digestion 
5.1.1 Wet Digestion: solid sample, said sample of 1 g ~ 2.5 g, the liquid sample, said 
sample of 5 g ~ 10 g (or 10 mL) (to the nearest decimal point after the second bit), placed 
in 50 mL ~ 100 mL cone shaped bottle, while doing two reagent blank.Plus nitric acid 20 mL 
~ 40 mL, 1.25 mL of sulfuric acid, after shaking overnight, placed on a hot plate 
digestion.If no decomposition products or color darkening are observed in the solution when the 
volume is reduced to 10 ml, remove the container and allow to cool. Deliver additional 5 ml to 
10 ml of nitric acid to the flask and again digest the solution until it is reduced to 10 ml. Repeat 
the procedures two to three times, taking care to avoid carbonization.If you still can not 
digested completely, added the perchloric 1 mL to 2 mL and continue to heat until the 



complete digestion, and then continued evaporation to high acid white smoke cleared, 

sulfate of white smoke began to emerge.Allow the solution to cool. Add 25 ml of water and 
allow it evaporates until the dense white fog of sulfuric acid is formed.Cooling, the water 
content was transferred to a 25 mL volumetric flask or colorimetric tube, add 50 g / L 
thiourea, 2.5 mL, supply water to the mark and mix tested. 
5.1.2 Dry ashing: generally applied to a solid sample.Weigh 1 g ~ 2.5 g (accurate to the 
decimal point after the second) in 50 mL ~ 100 mL crucible, at the same time to do two 
reagent blank.Plus 150 g / L magnesium nitrate 10 mL mix, low-grade fever and evaporated to 
dryness, carefully covering the dry residue on 1 g of magnesium oxide, to no smoke 
charring electric stove, moved to the high temperature of 550 ℃ ashes of 4 h.Remove the 
cool, carefully add the (1 +1) 10 mL hydrochloric acid and magnesium oxide and dissolved 
ash, and transferred to a 25 mL volumetric flask or colorimetric tube, to a volumetric 
flask or added colorimetric tube 50 g / L thiourea 2.5 mL, the other with (1 +9) sulfuric 
graded after rinsed crucible being merged until 25 mL scale mixing measured. 
5.2 Standard Series Preparation 

Take 25 mL volumetric flask or colorimetric tube 6, followed by accurately adding 1 μ g 
/ mL arsenic standard solution 0, 0.05, 0.2, 2.0, 5.0 mL (each equivalent to arsenic 
concentration 0, 2.0, 8.0, 20.0, 80.0, 200.0 ng / mL) plus (1 +9) sulfate 12.5 mL, 50 g / L 
thiourea 2.5 mL additional water to the mark, and mix equipment measured. 
5.3 Determination 
5.3.1 The instrument reference conditions: the photomultiplier voltage: 400 V; arsenic 
hollow cathode lamp current: 35 mA; atomizer: temperature 820 ° C to 850 ° C; height of 7 mm; 
argon gas flow rate: carrier gas of 600 mL / min; measurement: direct reading of the 
fluorescence intensity or concentration readings by: peak area; reading delay time: 1 s; 
reading time: 15 s; sodium borohydride solution is added to the time: 5 s; standard or 
sample was added to the volume: 2 mL. 
5.3.2 Measurement of the concentration of the way: directly measured the fluorescence 
intensity is turned on and set the instrument conditions, preheat stable for about 20 
min.Press the "B" key to enter blank value measurement state, continuous injection tube 
with the standard series of "0", and record the blank value (that is, let the instrument 
automatically deducted at the end) to start measuring until the reading is stable, press 

the spacebar.First followed by measuring the standard series ("0" can no longer be 
measured tube).The standard series measured after carefully cleaning the injector (or 
replace one), and then "0" pipe test reading basically back to zero, to test agent blank 
and sample, each measuring different samples before should Clean the injector, the record 

(or printing) measurement data. 
5.3.3 The software features automatic mode of the instrument: the use of the instrument 
provides direct determination of the concentration, and to this end in the boot, set 

conditions and warm-up, the need to input the necessary parameters, namely: dilution 

volume (of the sample amount (g or mL); mL); injection volume (mL); result of the 
concentration unit; the number of repeated measurements of each point of the standard 

series; standard series of points (excluding zero), the concentration of each point 

value.First into the blank value measurement of the state, with the standard series of 

"0" continuous tube injection to obtain a a stable blank value and perform automatic 
bottom lock, and then turn measured standard series (in this case "0" tube should be 
subject to test) in the measured before the sample solution, the need to re-enter the 

blank value measurement state, first reading recovery and stability, and then into two 



reagent blank each time sample tube test using a standard series of "0", the instrument 
whichever is mean as a deduction bottom blank value , which can then be followed by 

testing samples.The determination after returned to the main menu, select "Print report 

measurement results can be played. 
  
6 results calculated 
  

Fluorescence intensity measurement, you need to first results of the standard series 

regression calculations ("0" when the measuring tube is forced to 0, so the zero value 
should be entered in order to occupy a point), then calculated according to the 

regression equation reagent blank liquid and sample arsenic concentration of the test 

solution, then equation (1) calculate the arsenic content of the sample: 

 
In the equation: 
X - the arsenic content of the sample, in units of milligrams per kilogram or 

milligrams per liter (mg / kg or mg / L); 
C 1 - the concentration of the test solution sample, in units of nanograms per 

milliliter (ng / mL); 
C 0 - the concentration of the reagent blank, in units of nanograms per milliliter (ng 

/ mL); 
m - mass or volume of the sample, in units of gram or ml (g or mL). 
The calculation results retain two significant figures. 

  
7 precision 
  

The wet digestion absolute difference between two independent test results obtained 

under repeatability conditions shall not exceed 10% of the arithmetic mean. 
Absolute difference of the two the dry ashing law obtained under repeatability 

conditions independent test results shall not exceed 15% of the arithmetic mean. 
  

8 accuracy 
  

Wet digestion method for the recovery of 90% to 105%; the dry ashing Determination 
recovery rate of 85% to 100%. 
  

4, the determination of selenium in food 

GB / T 5009.93-2003 
Introduction 
  

Selenium is an essential trace element, but if excessive intake harmful to human 

health hazard, GB 13105-1991 "food selenium limited health standards" developed in order 
to control the body's selenium intake and supporting the development National Standard 
GB / T 12399-1996 "food selenium determination method.Cumbersome measured view of the 1996 
version of the standard method of operation, by using reagents 2, 3 - bis amino naphthalene 
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(2, 3-diaminonaphthalene, referred DAN) have a certain toxicity and required imports, it is 
the amendment to increase the fast, easy, and accuracy good precision hydride atomic 

fluorescence spectrometry as a second method. 
1 Scope 

This standard specifies the method with fluorescence and hydride generation atomic 

fluorescence spectrometry determination of selenium in foods. 
This standard applies to the determination of selenium in the various types of food. 
The first method detection limit of 3 ng linear range of 0.01 μ g to 0.2 μ g; second method 

is 0.5 ng / mL, the linear range of 0 ng / mL to 400 ng / mL. 
The first law hydride atomic fluorescence spectrometry 
2 Principle 

Heating samples by acid digestion, the medium in 6 mol / L hydrochloric acid (HCl), in 
the sample of hexavalent selenium reduced to tetravalent Se, with sodium borohydride 

(NaBH 4) or potassium borohydride (KBH 4) as a reducing agent, tetravalent selenium 

reduced to hydrogen selenide (SeH 2) in hydrochloric acid medium into the atomizer atomized 
by a carrier gas (argon), selenium selenium specially made hollow cathode lamp 

irradiation, the ground state atoms are excited to direct high-energy state, and 

deactivated to return to the ground state, the emission characteristics of the 

fluorescence wavelength, the fluorescence intensity is proportional to the selenium 

content.Compared with the standard series quantitative. 
3 reagent 
3.1 Nitrate (superior grade pure). 
3.2 Perchloric acid (superior grade pure). 
3.3 Hydrochloric acid (superior grade pure). 
3.4 mixed acid mixed acid: nitric acid + perchloric acid (4 +1). 
3.5 Sodium hydroxide (superior grade pure). 
3.6 Solution of sodium borohydride (8 g / L): Weigh 8.0 g of sodium borohydride (NaBH 4), was 

dissolved in sodium hydroxide solution (5 g / L), and then set the volume to 1 000 mL. 
3.7 Potassium ferricyanide (100 g / L): Weigh 10.0 g of potassium ferricyanide (K 3 Fe (CN) 6), 

dissolved in 100 mL of water, and mix. 
3.8 Selenium standard stock solution: accurately weighed 100.0 mg of selenium (spectral 
pure), dissolved in a small amount of nitric acid, add 2 mL of perchloric acid, and home 
heating in a boiling water bath for 3 h ~ 4 h cooling plus 8.4 mL of hydrochloric acid, and 
then the placing in boiling water bath and cook for 2 min, accurately dilute to 1 000 ml 
hydrochloric acid concentration of 0.1 mol / L, the concentration of this stock solution is 
equivalent to 100 μ g selenium per ml. 
3.9 Selenium standard solution: Take 100 μ g / mL selenium stock standard solution of 1.0 mL, 
set the volume to 100 mL, application concentration of 1 μ g / mL. 
4 Instrument 
4.1 Atomic fluorescence spectrometer. 
4.2 Electric hot plate. 
4.3 Automatic temperature control digestion furnace. 
5 analysis steps 
5.1 Preparation of test specimens 
5.1.1 Grain: the sample is washed three times, dried at 60 ℃ with a stainless steel mill 

pulverizing, and stored in a plastic bottle, spare. 



5.1.2 Vegetables and other plant foods: Take the edible portion, washed with water with 
gauze to absorb the water droplets, labeled homogenate aside. 
5.1.3 Weigh 0.5 g ~~ 2.0 g sample in 150 mL Gaotong beaker, add 10.0 mL of mixed acid and a few 
grains of glass beads, covered the surface of the dish cold digestion overnight.The next 

day in the hot plate heated and and timely additional mixed acid.And accompanied by white 

smoke when the solution became clear and colorless, and then heating was continued to a 

residual volume of about 2 mL, and must not be evaporated to dryness.Cooling, plus 5 mL 6 
mol / L hydrochloric acid, and heating was continued until the solution becomes clear and 
colorless, and accompanied by white smoke appeared to completely hexavalent selenium 

restore the tetravalent Se.Cooling, transfer the volume to 50 mL volumetric flask.Blank 
test. 
5.1.4 Pipette 10 mL sample digestive juice in 15 mL centrifuge tube, add concentrated 
hydrochloric acid, 2 mL potassium ferricyanide solution 1 mL, and mix under test. 
Preparation of 5.2 of the standard curve 

Were taken 0.0, 0.1, 0.2, 0.3, 0.4, 0.5 mL standard application solution 15mL 
centrifuge tube spent ionized water set the volume to 10 mL, and then were added 
concentrated hydrochloric acid and 2 mL of potassium ferricyanide 1 mL, and mix. made the 
standard working curve. 
5.3 Determination 
5.3.1 Instrument reference conditions: negative high voltage: 340 V; lamp current: 100mA; 
atomization temperature: 800 ° C; furnace: 8 mm; carrier gas flow rate: 500 mL / min; 
shielding gas flow rate: 10 mL / min; measurement method: standard curve method; readings 
by: peak area; delay time: 1 s; reading time: 15 s; dosing time: 8 s; injection volume: 2 mL. 
5.3.2 Determination optionally one of the following methods: According to the 
experimental situation. 
5.3.2.1 Concentration determination of measurement: set a good instrument best conditions, 
gradually raising the oven temperature to the desired temperature, stable 10 min ~ 20 min 
after the start of measurement.The zero tube continuous with the standard series 

injection until the reading is stable, transferred to a standard series of measurements, 

the standard curve.Transferred to the sample measurements were measured sample blank and 

sample digestive juices, each measuring different sample injector should be cleaned 

before.Sample measurement results 5.4. 
5.3.2.2 Instrument automatically calculated way measurement: the best conditions of the 
instrument is set in the the sample parameter screen, enter the following parameters: 

sample mass (g or mL), diluted volume (mL), and select the concentration units, and 
gradually the furnace The temperature rose to the desired temperature, stable 10 min ~ 20 
min after the start of measurement.The zero tube continuous with the standard series 
injection until the reading is stable, transferred to a standard series of measurements, 

the standard curve.Re-entry into the sample measurement blank value measurement state, 

with sample blank digestive injection, the instrument whichever means as buckle bottom 

blank paper.The sample can then be sequentially measured.After the measurement, select 

"Print report" to the determination of the results printed automatically. 
5.4 Calculation of results 

See equation (1). 

 
In the equation: 
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X - the selenium content in the sample, in units of milligrams per kilogram (or 
milligrams per liter) [mg / kg (or mg / L)]; 

c - sample digestive measurement concentration, in units of nanograms per milliliter 
(ng / mL); 

c 0 - reagent blank digestive measurement concentration, in units of nanograms per 
milliliter (ng / mL); 

m - mass of the sample (by volume), in units of g (or ml) [g (mL)]; 
V - sample digestive total volume in milliliters (mL). 
The calculation results expressed to two decimal places. 

6 precision 
The absolute difference between two independent test results obtained under 

repeatability conditions shall not exceed 10% of the arithmetic average. 
  
The second law fluorescent law 
7 principle 

The sample was digested with a mixed acid, and the selenium compound is oxidized to 

the inorganic selenium Se 4 +, under acidic conditions, SE 4 + 2, 3 - diaminonaphthalene (2, 3-
Diaminonaphthalene, Acronym DAN) the reaction of 4, 5 - benzo the kohlrabi selenium brain (4, 
5-Benzo piaselenol), then extracted with cyclohexane.At an excitation wavelength of 376 nm, 
emission wavelength of 520 nm under the conditions of the fluorescence intensity was 
measured, thereby calculating the selenium content in the sample. 
8 kit 
8.1 Selenium standard solution 

Take elemental selenium (spectral pure) 100.0 mg accurately weighed, dissolved in a 
small amount of concentrated nitric acid, add 2 mL of perchloric acid (70% to 72%) to the 
boiling water bath for 3 h to 4 h, and cooled by adding 8.4 mL of hydrochloric acid 
(hydrochloric acid concentration of 0.1 mol / L).Placing in boiling water bath and cook for 
2 min.Accurately diluted to 1 000 mL, stock solution (selenium content: 100 μg / 
mL).Application of 0.1 mol / L HCl stock solution was diluted to 0.5 μg of selenium per 
ml.Saved in the refrigerator. 
8.2 DAN (1g / L) reagent 

This reagent is prepared in a dark room.Weigh Dan (purity 95% to 98%) 200 mg in the 
vicinity of the cover of conical flask, adding 0.1 mol / L hydrochloric acid 200 mL and 
shaken for about 15 min it has completely dissolved.Add approximately 40 mL of cyclohexane, 
and continues to oscillate for 5 min.Plugs have this solution was poured into a separatory 
funnel of the glass wool (or cotton), to be stratified cyclohexane layer was filtered off, 

collected DAN solution layer repeatedly with cyclohexane purified until cyclohexane 
fluorescence minimize when up to of (purified 5 to 6 times).Purification the DAN solution 
after storage in a brown bottle, add about 1 cm thick cyclohexane to cover the surface to 
the refrigerator to save.Necessary before use purified cyclohexane. 

Warning: This reagent has some toxicity, there should be a formal laboratory 

experience using the reagents.The user has the responsibility to take appropriate safety 

and health measures, and to ensure that subject to the provisions of the relevant 

national legislation. 
8.3 Mixed acid 

Mixed nitric and perchloric acid (70% to 72%) 2 +1 volume. 
8.4 go selenium sulfate 



200 mL of concentrated sulfuric acid was added 200 mL of water, then add 48% 
hydrobromic acid, 30 mL, mix, to the sand bath was heated to appear concentrated white 
smoke, the volume should be 200 ml. 
8.5 EDTA mixture 

a) 0.2 mol / LEDTA: Weigh Disodium EDTA 37 g water was added and heated to dissolve 
completely, after cooling, diluted to 500 ml; 

b) 100 g / L hydroxylamine hydrochloride solution: take 10 g of hydroxylamine hydrochloride 
dissolved in water and diluted to 100 mL; 

c) 0.2 g / L cresol red indicator: Weigh cresol red 50 mg dissolved in a little water, add 
ammonia (1 +1) drops until completely dissolved, add water, diluted to 250 mL. 

Above a) and b) fluid from each of 50 mL, plus c) liquid 5 mL, diluted with water to 1 L, and 
mix. 
8.6 aqueous ammonia (ammonia + water = 1 +1). 
8.7 Concentrated hydrochloric acid (relative density 1.18). 
8.8 cyclohexane 

Commercially available products need to test whether the fluorescence impurities 

necessary redistilled used cyclohexane recyclable, redistilled before use. 
8.9 10% hydrochloric acid solution: 10 mL of concentrated hydrochloric acid and 90 mL of 
water. 
9 Instrument 

Fluorescence spectrophotometer. 
10 analysis steps 
10.1 sample processing 
10.1.1 Food 

The sample was washed with water three times, to the surface of water to the 60 ° C 

oven bake, stainless steel mill pulverized be stored in a plastic bottle, put a packet 

camphorsulfonic fine, stopper tightly save standby. 
10.1.2 vegetables and other plant foods 

Take the edible portion, rinsing with distilled water three times, with gauze to 

absorb water droplets, chopped with a stainless steel knife, to take a certain amount of 

sample in a blast oven at 60 ℃ dried, weighed and calculated moisture.Powdered saved and 
set aside. 

Calculation should be converted into a fresh sample quality. 
10.2 sample digestion 

Selenium is about 0.01 μ g to 0.5 μ g grain or vegetable and animal samples of 0.5 g to 2.0 g 
in the grinding mouth conical flask, add 10 mL of 5% went to selenium sulfuric acid until 
the sample moist plus 20 mL mixed acid overnight next day home sand bath gradually 
heating.When the violent reaction occurred and the solution was colorless, and heating 

was continued until a white smoke generated, then the solution was gradually become 

yellowish, that is, reached the end.Some vegetables turbidity sample digestion, making it 

difficult to determine the end point, to note the bottle appeared billowing white smoke 

at the moment immediately removed, the solution is cooled, it becomes colorless.Some 

selenium higher vegetables contain more SE 6 +, need After digestion, plus 10 mL of 10% 
hydrochloric acid, and heating was continued, so that the return end point, to fully 

restore the Se 6 + Se, 4 +, otherwise the result will be is low. 
10.3 Determine 



The above digested sample solution was added 20 mLEDTA mixture with ammonia solution 
(1 +1) and hydrochloric reddish orange (pH 1.5 to 2.0).The following steps in the darkroom 
operation: 3 mL of DAN reagent, mixed, heated in a boiling water bath for 5 min, remove the 
cooled, plus cyclohexane, 3.0 mL, shake for 4 min, the entire solution into a separatory 
funnel, to be divided layer was discarded and the aqueous layer was carefully catchy the 

cyclohexane layer by a separatory funnel and poured into a lidded test tube, rendering 

cyclohexane mixed with water droplets, on a fluorescence spectrophotometer with 

excitation light wavelength of 376 nm, emitted light wavelength of 520 nm was measured the 
kohlrabi selenium brain the fluorescence intensity. 
10.4 The selenium standard curve drawn 

Accurate to measure the standard selenium solution (0.05 μ g / mL) 0.0, 0.2, 1.0, 2.0 and 
4.0 mL (equivalent to 0.00, 0.01, 0.05, 0.10 and 0.20 μ g selenium), add water to 5 mL sample 
measurement Step simultaneously measured. 

When the selenium content of a linear relationship between fluorescence intensity 

below 0.5 μ g selenium content in the routine determination of sample, each just do a 
similar reagent blank sample selenium content of standard pipe (double) can be. 
10.5 Calculation of results 

See equation (2). 

 
In the equation: 
In the equation: 
X - the selenium content in the sample, in micrograms per gram (μ g / g); 
m 1 - quality selenium standard tube, in micrograms (μ g); 
F 1 - the standard selenium fluorescence readings; 
F 2 - sample fluorescence readings; 
F 0 - blank tube fluorescent readings; 
m - mass of the sample, in units of grams (g). 
The calculation results expressed to two decimal places. 

11 precision 
The absolute difference between two independent test results obtained under 

repeatability conditions shall not exceed 10% of the arithmetic average. 
  

4, the food in Determination of tin 

GB / T 5009.16-2003 
Introduction 
  

Tin is one of the essential trace elements, but excessive intake of poisoning 

occurred, the 1988 FAO / WHO JECFA meeting of experts recommended the tin intake of 14 mg 
/ (kg body weight · week).China has also developed a food hygiene standards.The current 
standard method for Phenylfluorone colorimetric determination of sensitivity not meet the 

requirements of generally low levels of sample.The amendments proposed hydride generation 

atomic fluorescence spectrometry to complement the existing national standard methods.The 
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method is sensitive, simple, rapid, less interference, and the use of domestic equipment, 

easy to spread. 
1 Scope 

This standard specifies the method of determination of food in tin. 
This standard applies to the determination of tin in various types of food. 
The detection limit of this method: Phenylfluorone colorimetry 2mg/kg; hydride 

generation atomic fluorescence spectrometry detection limit: 0.23 ng / mL, the standard 
curve linear range: 0 mg / mL to 200 ng / mL. 
2.Normative references 1 

The provisions of the following documents constitute provisions of this standard by 

reference. For dated references, their subsequent amendments (excluding corrections) or 

revisions do not apply to this standard. Nevertheless, it is encouraged that parties who 

reach an agreement in accordance with the standard work on research, shall adhere to the 

latest edition of these documents. For undated references, the latest edition of the 

referenced document applies to this standard.Any subsequent amendments(not including the 

contents of the corrigenda) or revised editions to the reference documents with a date 

shall not apply to this standard, however, parties that reach agreements in accordance 

with this standard are encouraged to study whether to use the latest version of these 

documents.To any undated referenced documents, the latest version applies. 
Determination of total arsenic and inorganic arsenic in foods GB / T 5009.11-2003 
  

The first law hydride atomic fluorescence spectrometry 
3 Principle 

Sample is heated by acid digestion, and the tin is oxidized to tetravalent tin, tin 

hydride is generated in the role of the sodium borohydride, and the carrier gas into the 

atomizer atoms, in special tin hollow printer lights under irradiation of a tin atom, the 

ground state are excited to high energy state, deactivating back to the ground state, 

emitting a characteristic wavelength of fluorescence is proportional to the content of 

its fluorescence intensity and tin.Compared with the standard series quantitative. 
4 Reagents 
4.1 sulfuric acid (superior grade pure). 
4.2 Nitric acid + perchloric acid (4 +1). 
4.3 sulfuric acid solution (1 +9): Measure 100 mL of sulfuric acid was poured into 900 mL of 
water and mix. 
4.4 Thiourea (150 g / L) + ascorbic acid (150 g / L): 15 g of thiourea and 15 g of ascorbic acid, 
respectively, said dissolved in water and diluted to 100 mL (this solution should be 
placed in a brown bottle stored in the dark). . 
4.5 solution of sodium borohydride (7 g / L): Weigh 7.0 g of sodium borohydride was dissolved 
in sodium hydroxide solution (5 g / L), and set the volume to 1 000 mL. 
4.6 tin standard solution: Imbibe 100 μ g / mL tin national standard solution (standard 
number: BW 3035) of 1.0 mL in 100 mL volumetric flask to the mark with sulfuric acid 
solution (1 +9).This solution concentration of 1 μ g / mL. 
5 Apparatus 
5.1 Dual channel atomic fluorophotometer. 
5.2 Electric hot plate. 
6 analysis steps 
6.1 Preparation of test specimens 



Grain, beans out impurities and dust, crushed through 40 mesh sieve, fruit, vegetables, 
meat, aquatic dry cleaned, take the edible part of the homogenized. 
6.2 sample digestion 
6.2.1 Said sample taken 1.0 g ~ 5.0 g in a conical flask, add 1.0 mL of concentrated sulfuric 
acid, 10.0 mL of nitric acid + perchloric acid (4 +1), three glass beads and placed 
overnight.The next day, set on a hot plate to digest, such as too little acid, may be 

appropriate additional nitric acid, white smoke continue digestion to remove the cooling 
until the liquid volume of nearly 1 mL.Water will digest the sample is transferred to a 50 
mL volumetric flask, add water to the mark, shake spare.Blank test. 
6.2.2 Were taken given sample volume of 10 mL in 15 mL colorimetric tube, add 2 mL of 
thiourea (150 g / L) + ascorbic acid (150 g / L) mixed solution, shake. 
Preparation of 6.3 standard series 

Standard curve: lessons the the tin standard application solution 0.0, 0.1, 0.5, 1.0, 
1.5, 2.0 mL, 15 mL colorimetric tube, were added to the sulfuric acid solution (1 +9) 2.0, 
1.9, 1.5, 1.0, 0.5, 0.0 mL, set the volume to 10 mL with water, then add 2 mL of thiourea 
(150 g / L) + ascorbic acid (150 g / L) mixed solution. 
6.4 Determination 
6.4.1 Instrument Reference conditions: negative high voltage: 380 V; lamp current: 70 mA; 
atomization temperature: 850 ° C; furnace high: 10 mm; shielding gas flow rate: 1 200 mL / 
min; carrier gas flow rate: 500 mL / min ; measurements: standard curve method; readings by: 
peak area; Delay time: 1 s; reading time: 15 s; dosing time: 8 s; injection volume: 2 mL. 
6.4.2 measured, optionally following methods: According to the test situation. 
6.4.2.1 concentration determination of measurement: set a good instrument best conditions, 
gradually raising the oven temperature to the desired temperature, stable 10 min ~ 20 min 
after the start of measurement.Consecutive with standard series zero tube injection until 

the reading is stable, transferred to a standard series of measurements, the standard 

curve.Transferred to the sample measurement, were measured sample blank and sample 

digestive juices, each measuring different sample injector should be cleaned before.The 

measurement results of the sample is calculated as follows. 
6.4.2.2 Instrument automatically calculated way measurement: the best conditions of the 
instrument is set in the sample parameter screen, enter the following parameters: sample 

mass (g or mL), diluted volume (mL), and select the concentration units, gradually furnace 
raised to the desired temperature, the stable measurement.Continuous with the standard 

series the zero tube into the sample, transferred to a standard series of measurements, 

the standard curve, and so the reading is stable.Before transferred to the sample 

measurement, and then enter the blank value measurement state, with sample blank 

digestive injection instrument the average blank made as a deduction.The sample can then 

be sequentially measured.After the measurement, select "Print report" to the 

determination of the results printed automatically. 
7 the results of calculations 

The tin content of the sample is calculated according to formula (1). 

 
In the equation: 

X - sample tin content, in units of milligrams per kilogram or milligrams per liter 
(mg / kg or mg / L); 
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C 1 - sample digestive Determination of concentration, in units of nanograms per 
milliliter (ng / mL); 

C 0 - reagent blank digestive measurement concentration, in units of nanograms per 
milliliter (ng / mL); 

V - sample digestive total volume in milliliters (mL); 
m - mass or volume of the sample, in units of gram or ml (g or mL). 
The calculation results retain two significant figures. 

8 Precision 
The absolute difference between two independent test results obtained under 

repeatability conditions shall not exceed 10% of the arithmetic average. 
  

5, the determination of lead in foods 

GB / T 5009.12-2003 
  
Introduction 

Lead is a accumulation of harmful elements, FAO / World Health Organization (FAO / WHO), 
the Codex Alimentarius Commission (CAC) 1993 food additives and contaminants Joint Expert 
Committee (JECFA) recommended per person per week allowed intake (PTWI) of 25 μ g / 
(kg · bw), and the human body weight 60 kg Total per person daily intake of 214 μ g.In order 
to control the intake of lead in the human body, as an important monitoring project in 

the field of food supervision.GB 14935-1994 "provides lead the allowable limits for milk 
(fresh) ≦ 0.05 mg / kg; eggs, vegetables, fruits ≦ 0.2 mg / kg of lead in food limited 
health standards.The sensitivity of the current national standard GB / T 5009.12 flame 
atomic absorption spectrometric method and dithizone colorimetry can not reach the health 

standard requirements.Graphite furnace atomic absorption spectrometry with high 

sensitivity, but the instrument is expensive and cause serious interference to the 

determination of complex sample matrix, often affect the accuracy of the analysis 

results.The amendments proposed hydride generation atomic fluorescence spectrometry 

determination of lead in food, to complement the existing national standards, the high 

sensitivity of the method, the use of domestic instruments, easy to promote the 

application. 
The second method hydride generation atomic fluorescence spectrometry 
8 principle 

After digestion of the sample after acid hot, in an acidic medium, a sample of lead 

and sodium boron hydride (NaBH 4) or potassium borohydride (KBH 4) Reactions to generate 

volatile lead hydride (PbH 4).Argon carrier gas, the hydride import electric quartz atomic 

technology is atomized, specially lead hollow cathode lamp irradiation, the ground state 
lead atoms is inspire high energy state; went activation back to the ground state, launch 

a characteristic wavelength the fluorescence, the fluorescence intensity is proportional 

to the lead content, based on the standard series quantitative. 
9 Reagents 
9.1 Mixed acid of nitric acid + perchloric acid (4 +1): the amount of take nitrate 400 mL, 
perchloric acid to 100 mL, and mix. 



9.2 Hydrochloric acid solution (1 +1): Measure 250 mL of hydrochloric acid was poured into 
250 mL of water, and mix. 
9.3 oxalic acid solution (10 g / L): Weigh 1.0 g of oxalic acid, dissolved to 100 mL, and mix. 
9.4 potassium ferricyanide [K 3 Fe (CN) 6] solution (100 g / L): Weigh 10.0 g of potassium 
ferricyanide dissolved in water and diluted to 100 mL, and mix. 
9.5 Sodium hydroxide solution (2 g / L): Weigh 2.0 g of sodium hydroxide dissolved in 1 L of 
water, and mix. 
9.6 sodium borohydride [NaBH 4] solution (10 g / L): Weigh 5.0 g of sodium borohydride was 
dissolved in 500 mL of sodium hydroxide solution (2 g / L), mixed, with the former, now 
equipped. 
9.7 lead standard stock solution (1.0 mg / mL). 
9.8 lead standard application solution (1.0 μ g / mL): accurate absorb lead standard stock 
solution (1.0 mg / mL), and serially diluted to 1.0 μ g / mL. 
10 instrument 
10.1 Dual channel atomic fluorescence spectrometer or similar instrument. 
10.2 computer system and encoding lead hollow cathode lamp. 
10.3 Electric hot plate. 
11 analysis steps 
11.1 sample digestion 

The Wet Digestion: said solid was collected 0.20 g ~ 2.00g, liquid sample is 2.00 g of the 
sample (mL), 10.00 g (mL), placed in 50 mL ~ 100 mL digestion vessel (Erlenmeyer flask), and 
then adding nitric acid + perchloric acid (4 +1) mixed acid 5 mL to 10 mL of shake soaked 
overnight.Placed on a hot plate heated digestion the next day, the darker color of pale 

yellow or colorless to digestive juices (such as digestion process, coolish supplemented 

with a small amount of nitric acid, continue digestion), coolish Add 20 mL of water and 
then continue heating hurry acid to 0.5 mL ~ 1.0 mL digestion solution for cooling with a 
small amount of water into a 25 mL volumetric flask and adding hydrochloric acid (1 +1) 0.5 
mL solution of oxalic acid (10 g / L) 0.5 mL, shake well, then add the iron potassium cyanide 
(100 g / L) 1.0 mL of water accurate dilution constant volume to 25 mL, shake, placed measured 
after 30 min, while doing the reagent blank. 
The 11.2 standard series preparation 

7 take 25 mL volumetric flask, followed by accurate joined the lead standard 
application solution (1.00 μ g / mL) 0.00, 0.125, 0.25, 0.50, 0.75, 1.00, 1.25 mL of (each 
equivalent to the concentration of lead in 0.0, 5.0, 10.0, 20.0 , 30.0, 40.0, 50.0 ng / mL), 
diluted with a little water, hydrochloric acid was added oxalic acid (1 +1) 0.5 mL (10 g / L) 
0.5 mL of shake, then add potassium ferricyanide solution (100 g / L, ) 1.0 mL, diluted with 
water to the mark.Placed for 30 min under test. 
11.3 Determination 
11.3.1 Instrument reference conditions 

Negative high voltage: 323 V; lead hollow cathode lamp current: 75 mA; atomizer: 
temperature of 750 ℃ to 800 ℃, furnace high: 8 mm; argon gas flow rate: carrier gas of 800 
mL / min; shielding gas: 1 000mL / min; plus reductant Time: 7.0 s; reading time: 15 s; Delay 
time: 0.0 s; measurement method: standard curve method; readings by: peak area; injection 
volume: 2.0 mL. 
11.3.2 concentration measurement mode 

Setting the optimum conditions for good instrument, and gradually raised to the 

desired temperature of the furnace temperature, stable 10 min ~ 20 min after the start of 



measurement, continuous tubes with a standard series of zero sample until the reading 

stabilized, transferred to a standard series of measurements The standard curve into the 

sample measurement, were measured sample blank and sample digestive juices, and each 

injector should be cleaned before measuring different samples, sample measurement results 

calculated according to equation (2). 
11.3.3 The instrument automatically calculates the outcome measure 

The best conditions for setting the instrument, in the sample parameters screen, 

enter the following parameters: the sample mass or volume (g or mL) diluent volume (mL), 
and the concentration of the selection result of the unit, and gradually the furnace 

temperature was raised to the required temperature, stable measurement, continuous with 

the standard series of zero tube injection until the reading is stable, transferred to a 

standard series of measurements, the standard curve, blank value measurement state, 

before entering into the sample measurement, samples the blank digestive injection 

instrument blank values averaged as a deduction.Can then sequentially measured after the 

sample solution, determination, select "Print report" to the determination of the results 

automatically print. 
12 results calculated 

The lead content of the sample is calculated according to the formula (2). 

 
  
In the equation: 

X - the sample lead content, in units of milligrams per kilogram or milligrams per 
liter (mg / kg or mg / L); 

c - sample digestive measurement concentration, in units of nanograms per milliliter 
(ng / mL); 

c 0 - reagent blank digestive measurement concentration, in units of nanograms per 
milliliter (ng / mL); 

m - mass of the sample volume, in units of grams or milliliters (g or ML); 
V - sample digestive total volume in milliliters (mL). 
The calculation results to three significant figures. 

13 precision 
The absolute difference between two independent test results obtained under 

repeatability conditions shall not exceed 10% of the arithmetic average. 
  

6, the food of total mercury and organic mercury determination 

GB / T 5009.17-2003 
  
Determination of total mercury 
1 Scope 

This standard specifies the method of determination of total mercury in various types 

of food. 
This standard applies to the determination of total mercury in various types of food. 
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Atomic fluorescence spectrometry: detection limit of 0.15 μ g / kg, the Best linear 
range of the standard curve 0 μ g / L 60 μ g / L; cold vapor atomic absorption method 
detection limit: pressure digestion of 0.4 μ g / kg, Digestion 10 μ g / kg; the colorimetry to 
25 μ g / kg. 

Section I                Atomic fluorescence spectrometry 
2 Principle 

Heating samples by acid digestion, in an acidic medium, of mercury in the sample is 

potassium borohydride (KBH 4) or sodium borohydride (NaBH 4) is reduced to the atomic 

state mercury into atomized by the carrier gas (argon gas) vessel, specially mercury 

hollow cathode lamp irradiation, ground state mercury atoms are excited to high energy 

state, deactivating back to the ground state, the emission characteristics of the 

fluorescence wavelength, the fluorescence intensity is proportional to the mercury 

content, and comparative standard series quantitative . 
3 reagent 
3.1 nitrate (excellent pure). 
3.2 30% hydrogen peroxide. 
3.3 Sulfuric acid (superior grade pure). 
3.4 Sulfate + nitric acid + water (1 +1 +8): the amount of 10 mL of nitric acid and 10 mL of 
sulfuric acid, slowly pour in 80 mL of water, and the cooling after careful mix. 
3.5 nitric acid solution (1 +9): Measure 50 mL of nitric acid, and slowly poured into 450 mL 
of water, and mix. 
3.6 Potassium hydroxide solution (5 g / L): Weigh 5.0 g of potassium hydroxide, dissolved in 
water, and dilute to 1 000 mL, mix. 
3.7 Potassium borohydride solution (5 g / L): Weigh 5.0 g of potassium borohydride dissolved 
in 5.0 g / L potassium hydroxide solution and diluted to 1 000 mL, mix, and now use the 
existing service. 
3.8 Mercury standard stock solution: Weigh accurately 0.1354 g of dried mercury dichloride, 
dissolved plus sulfate + nitrate + water mixed acid (1 +1 +8) moved into a 100 mL volumetric 
flask and dilute to volume, and mix , and this solution is the equivalent of 1 mg of 
mercury per milliliter. 
3.9 mercury standard solution: Pipette absorb mercury standard stock solution (1 mg / mL) 1 
mL to 100 mL volumetric flask, dilute to the mark with a nitric acid solution (1 +9), and 
mix this solution concentration of 10 μ g / mL.Pipette 10 μ g / mL mercury standard solution 
of 1 mL and 5 mL of two 100 mL volumetric flask, dilute to volume, and mix with a nitric 
acid solution (1 +9), solution concentration of 100 ng / mL and 500 ng / mL, respectively, for 
the determination of low concentration and high concentration of the sample, making the 

standard curve. 
4 Instrument 
4.1 Dual channel atomic fluorophotometer. 
4.2 High pressure digestion tank (100 mL capacity). 
4.3 The Microwave Digestion furnace. 
5 analysis steps 
5.1 sample digestion 
5.1.1 High pressure digestion method 

This method is suitable for the determination of total mercury in grains, legumes, 

vegetables, fruits, lean meat, fish, eggs and dairy products food. 



5.1.1.1 grain and legumes such as dry sample: Weigh learn crush and mix 40 mesh sieve dry 
sample 0.2 g of to 1.00 g, placed in a Teflon inner tank, add 5 mL of nitric acid, mixed 
overnight , together with 7 mL of hydrogen peroxide, cover within the cover into the 
stainless steel jacket and tighten the seal.Digestion and then placed in the the ordinary 

oven (oven) heating, the temperature was raised to 120 ℃ maintain a constant temperature 

for 2 h to 3 h to complete digestion, cooled to room temperature.Digestion solution with 
nitric acid solution (1 +9) quantitatively transferred and set the volume to 25 mL, 
shake.At the same time as the reagent blank.Under test. 
5.1.1.2 Homogenized vegetables, the high moisture content of lean meat, fish and eggs, 
fresh samples triturate said take homogenate 1.00 g to 5.00 g, placed in a the PTFE plastic 
inner tank stamp left seam placed in a 65 ° C blast drying oven or general oven baked to 

nearly dry, remove, following 5.1.1.1 since the "plus 5 mL of nitric acid ..." from the 
operation according to the law. 
5.1.2 Microwave digestion method 

That take 0.10 g to 0.50 g sample digestion tank added 1 mL ~ 5 mL of nitric acid, 1 mL ~ 2 
mL hydrogen peroxide will cover safety valve digestion tank into the microwave digestion 
system, according to the different types of the best analysis of the sample for microwave 

digestion system conditions (see Table 1 and Table 2), to complete digestion with nitric 
acid solution (1 +9) after cooling quantitative transfer and set the volume to 25 mL (low 
content of the sample constant volume 10 mL), and mix for testing. 
Table 1 grain, vegetables, meat and fish sample microwave analysis conditions 

Procedure 1 2 3
Power / (%) 50 75. 90
Pressure / 
kPa 343 686 1096 

Boost time / 
min 30 30 30 

Packing time 
/ min 5 7 5 

Exhaust 

volume / (%) 100 100 100 

Table 2 fats, sugars sample microwave analysis conditions 
Procedure 1 2 3 4 5
Power / (%) 50 70 80 100 100 
Pressure / 
kPa 343 514 686 959 1234 

Boost time / 
min 30 30 30 30 30 

Packing time 
/ min 5 5 5 7 5 

Exhaust 

volume / (%) 100 100 100 100 100 

5.2 standard series prepared 
5.2.1 The low concentration standard series: Pipette 100 ng / mL mercury standard solution 
0.25, 0.50, 1.00, 2.00, 2.50 mL in a 25 mL volumetric flask and dilute to the mark with a 
nitric acid solution (1 +9), and mix.Each equivalent to a mercury concentration of 1.00, 



2.00, 4.00, 8.00, 10.00 ng / mL.This series of standards applicable to the determination of 
the general sample. 
5.2.2 high concentration Standard Series: Pipette 500 ng / mL mercury standard solution 0.25, 
0.50, 1.00, 1.50, 2.00 mL in a 25 mL volumetric flask and dilute to the mark with a nitric 
acid solution (1 +9), and mix.Each equivalent to a mercury concentration of 5.00, 10.00, 
20.00, 30.00, 40.00 ng / mL.This series of standards applicable to fish and high mercury 
content of the sample measurement. 
5.3 Determination 
5.3.1 The instrument reference conditions: photomultiplier tube negative high voltage: 240 
V; mercury hollow cathode lamp current: 30 mA; atomizer: Temperature: 300 ° C, a height of 
8.0 mm; argon gas flow rate: carrier gas of 500 mL / min, shielding gas 1000 mL / min; 
measurement method: standard curve method; readings by: peak area, reading delay time: 1.0 
s; reading time: 10.0 s; potassium borohydride solution dosing time: 8.0 s; standard or 
sample liquid plus liquid volume: 2 mL. 

Note: AFS series of atomic fluorescence spectrometer, such as: 230, 230a, 2202, 2202a, 2201 and 
other equipment belonging to automatic or off sequence flow instrument, with the operating software of 

this instrument, instrumental analysis conditions should be set to the instrument prompt analysis 

conditions, instrument stability, measured standard series to a standard curve related sparse r> 0.999 
after the test samples.Sample pre-treatment is applicable to any type of atomic fluorescence 

spectrometer. 
5.3.2 Determination method: optionally following a method according to the situation. 
5.3.2.1 Concentration determination of measurement: set a good instrument best conditions, 
gradually raising the oven temperature to the desired temperature, stable 10 min ~ 20 min 
after the start of measurement.Continuous injection with nitric acid solution (1 +9), until 
the reading is stable, transferred to a standard series of measurements, the standard 

curve.Transferred to the sample measurement, using nitric acid solution (1 +9) injection, 
the reading basically back to zero, and then were measured sample blank and sample 

digestive juices, each measuring different sample injector should be cleaned 

before.Sample measurement results calculated according to equation (1). 
5.3.2.2 instrument automatically calculated results by measuring: the best conditions of 
the instrument is set in the sample parameter screen, enter the following parameters: 

sample mass (g or mL), diluted volume (mL), and select the concentration units gradually 
The furnace temperature was raised to the desired temperature, the stable 

measurement.Continuous injection with nitric acid solution (1 +9) After the reading is 
stable, transferred to a standard series of measurements, the standard curve.Re-entry 
into the sample measurement blank value measurement state, with sample blank digestive 

injection, instrument whichever is the end of the blank value of the mean as a 

deduction.The sample can then be measured according to the law.After the measurement, 

select "Print report" to the determination of the results printed automatically. 
6 results calculated 

The content of the sample in mercury, was calculated according to the formula (1). 

 
In the equation: 
X - the mercury content in the sample, in milligrams per kilogram or milligrams per 

liter (mg / kg or mg / L); 
c - sample digestive mercury content in nanograms per milliliter (ng / mL); 
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c 0 - mercury content in the reagent blank, in units of nanograms per milliliter (ng / 
mL); 

V - sample digestive total volume in milliliters (mL); 
m - mass of the sample, or volume, in units of gram or ml (g or mL). 
The calculation results to three significant figures. 

7 precision 
The absolute difference between two independent test results obtained under 

repeatability conditions shall not exceed 10% of the arithmetic average. 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Appendix Ⅱ water and wastewater monitoring and analysis methods 

(arsenic, selenium, antimony, bismuth, mercury) 

  
Water and wastewater monitoring and analysis methods 
State Environmental Protection Administration 
  



Atomic fluorescence spectrometry (arsenic, selenium, antimony, bismuth) 
1, the principle of the method 

Digested water samples thiourea, reduced to trivalent arsenic, antimony, bismuth, 

selenium reduced to tetravalent. 
Add a solution of potassium borohydride, in an acidic medium, trivalent arsenic, 

antimony, bismuth, and the tetravalent Se are respectively formed arsine, stibine, the 

bismuth hydrogen and hydrogen selenide body quartz directly introduced by a carrier gas 

(argon gas) tube atomizer, and then atomized in argon-hydrogen flame.Ground state atoms 

by special hollow cathode light source of excitation to produce atomic fluorescence, by 

detecting atomic fluorescence relative strength, the use of the fluorescence intensity 

and the solution of arsenic, antimony, bismuth and selenium content was proportional 

relationship calculate the sample solution and the corresponding component of the content. 
1.        Interference elimination 
In this method the presence of the main interference element is a high content of Cu 

2 +, of Co 2 +, Ni, 2 +, Ag, 2 +, Hg 2 + and forming between the elements of the hydride mutual 
influence.General water samples, the content of these elements in the method of 

determination of the conditions, will not interfere.Other common anions and cations do 

not interfere. 
2.        The scope of the method 
The method for each determination of the time required for solution of 5 mL.The 

detection limit of arsenic, antimony, bismuth 0.0001 ~ 0.0002 mg / L; selenium from 0.0002 to 
0.0005 mg / L.This method is suitable for the determination of surface water and 
groundwater in the trace amounts of arsenic, antimony, bismuth and selenium.Determination 

of sewage and waste water can also be used by appropriate dilution of the water sample. 
3). Instrumentation and measurement conditions 
�        Arsenic, antimony, bismuth, selenium and high strength hollow cathode lamp. 
�        Atomic fluorescence spectrometer, working conditions are in Table 3-4-10 shown. 

To Table 3-4-10 determination conditions 





  
4.        Reagents 
�        Nitric acid, excellent pure. 
�        Perchloric acid, excellent grade pure. 
�        Hydrochloric acid, excellent pure. 
�        Potassium hydroxide or sodium hydroxide, excellent grade pure. 
�        0.7% potassium borohydride solution: 7 g of potassium borohydride in advance plus 
have 2gKOH the 200ml deionized water, and stirred with a glass rod until dissolved, 
filtered, and diluted to 1000ml with pledget.This solution is now with the existing 
service. 
�        10% thiourea solution: Weigh 10 g of thiourea micro heat was dissolved in 100ml 
deionized water. 
�        Arsenic standard stock solution: Weigh 0.1320g dried for 2h 105 ℃ excellent grade 

pure As 2 O 3 dissolved in 5ml 1mol / L NaOH solution with 1 mol / L HCl and to 
phenolphthalein red fade, diluted to 1000ml.1.00ml of this solution with 0.1mgAs. 
�        Arsenic standard solution: Pipette the the arsenic standard stock solution of 
5.00ml 500ml volumetric flask 1mol / L HCl solution to volume, shake.1.00ml of this 
solution containing 1.00μgAs, Pipette solution 10ml 100ml flask with 1mol / L HCl at 
constant volume, shake.1.00ml of this solution with 0.10μgAs. 
�        The antimony Standard stock solution: Weigh 0.1197g dried for 2h 105 ℃ Sb 2 O 3 
dissolved in 80ml HCl into 1000ml flask, additional HCl 120ml diluted with water to the 
mark.This solution 1ml of 0.1mgSb. 
�        Antimony standard solution: Pipette the antimony standard stock solution 5.00ml in 
500ml volumetric flask 1mol / L HCl solution to volume, shake.This solution 1.00ml 
containing 1.00μg Sb, solution Pipette 10ml 100ml flask with 1mol / L HCl solution to 
volume, shake.1.00ml of this solution containing 0.10μg Sb. 

⑾ bismuth standard stock solution: high purity metal bismuth 0.1000g in 250ml beaker, add 
20 ml of (1 +1) HCl in 
Hotplate Low dissolved by heating, added 3ml HClO 4 continue to heat until white smoke, 
and after cooling is removed and transferred into a 1000ml flask, deionized water was 
added concentrated HCl 50ml constant volume.1.00ml of this solution containing 0.1mg Bi. 
⑿ bismuth standard solution: Pipette bismuth standard stock solution 5.00ml in 500ml 
volumetric flask, 1mol / L HCl solution to volume, shake.1.00ml of this solution containing 
1.00μg Bi, Pipette solution 10ml 100ml flask with 1mol / L HCl at constant volume, 
shake.1.00ml of this solution containing 0.10μg Bi. 
⒀ selenium standard stock solution: Weigh take 0.1000g spectra of pure selenium powder in 
100ml beaker, add 10ml HNO 3, after the dissolution of the low-temperature heat, add 3ml 
HClO 4 steam until white smoke remove, cooling with deionized water after purge Beibi and 
steamed to just white smoke, add water to dissolve, moved into 1000ml volumetric flask, 
and dilute to the mark.This solution 1ml of 0.1mg Se. 



Standard working solution ⒁ Selenium: Selenium standard stock solution by serial 

dilution to 1ml of 10μg, 1ml 1μg 1ml the 0.10μg Se standard solution, and keep 4mol / L HCl 
concentration. 
  
6.Procedure 
 
(1) The sample pretreatment 

Clean groundwater and surface water samples were measured directly.Sewage and other 

pretreatment according to the following steps. 
Take 50ml sewage sample in 100ml conical flask, add new preparation of HNO 3-HClO 4 (1 

+1) 5ml, on a hot plate heated to white smoke, remove cooling, coupled with 5ml HCl (1 +1 ) 
heated to yellowish brown smoke best cooling water after transfer to 50 mL volumetric 
flask, constant volume, shake. 
(2) Samples Determination 

Pipette 20ml of clean water samples or water pretreated sample in a 50ml beaker, Add 
3ml HCl, 2 ml of 10% thiourea, and mix.Placed after 20min, quantitative dosing injection 
5.0ml atomic fluorescence spectrometer hydride generator added 4ml potassium borohydride 
solution, is measured, or the sample measured by a peristaltic pump (adjusted injection 

and into the borohydride solution of potassium The flow rate was 0.5ml / s), but through 
the set-up process to ensure the accuracy and consistency of the injection volume, record 

the corresponding value of the relative fluorescence intensity.Richard determination of 

the concentration of the solution of arsenic (or selenium, antimony, bismuth) from the 

calibration curve. 
(3) drawing the calibration curve 

Containing of As, Sb, Si and Se 0.1μg/ml working standard solution series of standards 
was prepared, the concentration of a variety of metal elements in the standard series 

Table 3-4-11 shown. 
Table 3-4-11 standard series of each element concentrations (μg / L) 

Standard 

Series 



  
Aliquot corresponding amount of standard working solution in a 100 mL volumetric 

flask, adding 12ml HCl 8ml 10% thiourea solution, constant volume with deionized water, 
shake the sample measurement step operation.Recording the relative fluorescence intensity 

calibration curve. 
7.comp 

Checked by the calibration curve to determine the concentration of each element in 

the solution, and then be calculated according to the water sample pretreatment dilution 

volume. 

 
Where: C - from the calibration curve to look up the appropriate determination of element 
concentrations (μg / L); 
      V 1 - Measurement of the total volume of the water sample (ml); 
      V 2 - Pretreatment time shift the water sample volume (ml). 
  
8.Precision 

This method six Determination of As, Sb, Bi, Se, respectively for 4.3 μ g / L, 3.0 μg / L, 
2.8μg / L, 2.6μg / L of surface water samples, the relative standard deviation of 3.4%, 2.8 %, 
3.2% and 4.1%, respectively.Added to 1 times the content of water samples recoveries were 
higher than 95.0%. 
9.Points requiring particular attention 

�        The glassware used in the analysis must be used (1 +1) HNO 3 solution soak for 24h, 
or thermal HNO 3 swing washed, and then washed with deionized water before use.Use new 
utensils should be a blank check. 
�        Should each bottle of reagent used for the corresponding blank experiments, in 

particular hydrochloric acid to double-check.Preparation of standard solution and the 

sample should be possible to use the same bottle of reagent. 
�        Each standard used in series must be formulated, and the sample was measured 

under the same conditions. 
  
Mercury 
Atomic Fluorescence Spectrometry 

See Determination of arsenic, but must be added to the water sample digestion KMnO 4 
remains fuchsia not faded. 
Cold vapor atomic fluorescence method 

1.     Principle of the method 
Mercury ions in water samples reductant for elemental mercury, mercury vapor 

regasification.The ground state mercury atoms excited by the UV wavelength 253.7nm, they 
radiate the same wavelength fluorescence when excited mercury atoms to excite.Under the 

given conditions, and the low concentration range, the fluorescence intensity and the 

concentration of mercury proportional. 
2.     Interference and elimination 
Collision occurs energy transfer excited state mercury atoms with other molecules, 

such as O 2, CO 2, CO, etc., resulting in fluorescence quenching, thereby reducing the 
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sensitivity of the determination of mercury, the method using a high purity argon and 

nitrogen as a carrier gas.To avoid the measurement process into the air, closed reduction 

bottle injection technology. 
3) The scope of the method 
The detection limit was 1.5ng / L, and determination of a maximum of 1 μg / L applies to 

surface water, groundwater and chlorine ions watery. 
4.     instrument (meter) 
�        Digital fluorescence mercury analyzer. 
�        Recorder or monitor, computer and data processing system. 
�        The far-infrared radiation drying oven (oven).The oven volume is small, applied 

to mercury-containing water sample digestion. 
�        1.0ml and 10μL micro-injector. 
�        High purity argon. 
5.     Reagents 

  
�        Distilled water, distillation of the day. 
�        Sulfuric acid: ρ 20 = 1.84g/ml excellent pure. 
�        Nitric acid: ρ 20 = 1.42g/ml, excellent grade pure. 
�        Hydrochloric acid: ρ 20 = 1.18g/ml excellent pure. 
�        Washing solution: 2g excellent pure potassium permanganate dissolved in 950ml 
water, add 50ml sulfuric acid. 
�        The fixing solution: Weigh 0.5g excellent pure potassium dichromate was dissolved 
in water and diluted with water to 1000ml. 
�        5% potassium permanganate solution: 50g of the superior grade of pure potassium 
permanganate was dissolved in water, and diluted with water to 1000ml. 
�        The 10% hydroxylamine hydrochloride solution: Weigh take 10g of analytically pure 
hydroxylamine hydrochloride dissolved in water, and dilute to 100ml.This solution was 
added each time 10ml benzene containing 20mg / L of dithizone solution was extracted three 
to five times. 
�        10% stannous chloride solution: 10g analytical grade of stannous chloride, 
mercury pollution fume hood add 20ml hydrochloric acid, slightly heated solubilization 
continue to heat a few minutes after dissolving mercury removal.This solution was 

washed with washing air by the washing solution 2.5L/min flow rate of aeration for 
about 1h addition to mercury, and then diluted with water to 100ml. 
�        Mercury standard stock solution: Weigh 0.1354g take placed in a silica gel 
desiccator overnight mercuric chloride dissolved fixed solution, transferred to a 
1000ml flask with fixative diluted to the mark, shake.This solution per milliliter 
containing 100μg Mercury. 

⑾ mercury intermediate solution: lessons mercury standard stock solution of the 

appropriate volume, diluted to a fixed solution containing 10μg mercury per milliliter, 
shake. 
⑿ mercury standard solution: lessons mercury intermediate solution, serial dilutions to 

a fixed solution containing 100ng mercury per milliliter. 
Glassware ⒀ mercury, application of washing solution soaked in boiling 1h.In order to 
avoid the glass wall may fade manganese dioxide spots required while hot to remove 

glassware, rinse with water and spare. 
6.     Procedure 



(1) The instrument conditions 
Table 3-4-30 listed instrument operating parameters for reference. 

Table 3-4-30 working conditions 

(2) dissolved in water samples 
Of 10ml water samples in 10ml with stopper colorimetric tube, add 0.1ml add 4 drops of 

sulfuric acid (with a dropper), 0.1 ml of 5% potassium permanganate solution (add 1 to 2 
drops with a dropper, to maintain the water The like was purple prevail), Gasser 
shake.Arranged on a metal rack, put in the oven, plus a porcelain dish on a colorimetric 

tube cover to prevent the watery heat pipe plug pop 1h at 105 ℃ digestion, remove the 



cooled.Digestion water sample was added 10% hydroxylamine hydrochloride solution (make 

an elongated plastic dropper with its plus 1 drop) by shaking permanganate just fade.Take 
1.0ml determination. 
(3) measuring 

Good instrument in Table 3-4-30 working conditions will, preheating 1h, the control 
valve (referred to as valves) transferred to the prepared profile, 1.0ml of distilled 
water with a 1ml syringe to inject inlet, stannous button was pressed, i.e. Add 0.2ml 10% 
stannous chloride solution to sweep the generator and its pipeline of mercury.Measured 

repeatedly until the water when the lowest readings before the reagent blank the mercury 

standard curve series solution and water samples were measured.Draw mercury standard 

curve, calculate the content of mercury in water. 
(4) The calibration curve 
(1) standard curve method: Take six 10ml with plug colorimetric tube, add 10ml of 
distilled water were added to 10μl microinjector the 100ng/ml mercury standard using liquid 
0, 2, 4, 6, 8, 10 μl, shake.4 drops of sulfuric acid were added, a drop of 5% potassium 

permanganate, shake.The hydroxylamine hydrochloride solution and then with 10% measured 

at 1 drop after reduction. 
② standard addition method: the seven branch 10ml tube with stopper colorimetric, 
including an add distilled water as a blank, and the remaining six were added to 10ml low 
mercury content in water samples, 100μg / L mercury standard solution 0, 2, 4 , 6, 8, and 10μl, 
shake.The following water samples digestion steps and determination. 

7.     Precision and accuracy 
Samples of surface water and groundwater, the mercury content of 10 ~ 100ng / L 

concentration of 11 measurements, the relative standard deviation is less than 3%.Adding 
mercury to the water sample standard so that the final concentration of 20 ~ 100ng / L; 
recoveries of 90% to 110%. 

8.     Points requiring particular attention 
�        Ng / L magnitude mercury was measured, the experiment with the water and the 
purity of the reagents, and the amount thereof should be as small as possible in 

order to reduce the blank value. 
�        Water samples in the digestion process, potassium permanganate mauve if faded to 

a reddish-brown, should be properly supplemented with potassium permanganate solution 

does not fade to purple. 
�        Dropping hydroxylamine hydrochloride solution should be careful not to 

overdose.Due to an excess of hydroxylamine hydrochloride will restore the mercury ion, 

resulting in the loss of mercury. 
�        Laboratory environment and fume hood and oven digestion of water samples should 

be non-mercury pollution. 
�        Determination of mercury emissions should pass to the acidic potassium 

permanganate to absorb the liquid inside to prevent the pollution of the environment. 
�        The Stannous Chloride button prone to clogging, should be promptly cleaned with 

dilute acid. 
  
  
  
  
  
  



  
  
  
  
  
  
  
  
  
  
  
  

Appendix Ⅲ water quality (arsenic, mercury, selenium, lead) the 

determination of atomic fluorescence spectrometry 

  
The water arsenic Determination by Atomic Fluorescence Spectrometry 
(For Approval) 
1.Scope 

The standard determination of the water arsenic hydride generation atomic 

fluorescence spectroscopy combined water samples to detect the new technology.With 

diethyl dithiocarbamate silver spectrophotometry, by potassium borohydride - silver 
nitrate spectrophotometric spectrophotometry, compared with a simple, small sample, 

sensitivity and high accuracy measurement reproducibility, high degree of automation, 

suitable for bulk analysis features.Applies to surface water, groundwater, precipitation 

and sewage Determination of arsenic.The method detection limit of 0.2 μ g / L, in the range 
of 1 - 200 μ g / L, good linearity.Greater than 200 μ g / L of the sample can be diluted after 
measurement. 
2. Interference 

The standard Hydride, making the separation of analyte and matrix, very little 

interference, of coexistence ions and compounds do not interfere with the 

determination.When the arsenic content was 11.42 μ g / L, if the coexisting ions were 1000 μ g 
/ L ferric iron, 1010 μ g / L of divalent manganese, 1000 μ g / L of divalent nickel, 13090 μ g / 
L, a divalent zinc, 10,000 μ g / L hexavalent chromium, 200 μ g / L divalent mercury, 20 μ g / L 
divalent lead determination without interference. 
3) Principle of the method 

The sample pretreated, wherein the various forms of arsenic are converted into the 

trivalent arsenic (As3 +), boron is added potassium hydride (or boron sodium hydride) is 
reacted therewith, to form gaseous arsenic hydride, the gaseous arsenic hydride Loading 

atomized with argon device atomized arsenic high strength hollow cathode lamp as 

excitation light source, an arsenic atom by optical radiation to excite fluorescence, by 

detecting the fluorescence intensity, the use of the fluorescence intensity is 



proportional to the relationship of the content of arsenic in the solution within a 

certain range and the sample is calculated arsenic content. 
4. instrument (meter) 
4.1 atomic fluorophotometer. 
4.2 Arsenic high strength hollow cathode lamp. 
4.3 2kW electric hot plate. 
4.4 commonly used in glass container. 
5.Reagents 
The standard of water refers to deionized water or water of equivalent purity. 
5.1 nitric acid (HNO 3): ρ = 1.42g/ml, excellent pure. 
5.2 hydrochloric acid (HCl): ρ = 1.18g/ml, excellent pure. 
5.3 perchloric acid (HClO 4): ρ = 1.67g/ml, superior grade pure. 
5.4 sulfuric acid (H 2 SO 4): ρ = 1.84g/ml, excellent pure. 
5.5 potassium hydroxide (KOH): excellent pure. 
5.6 50% hydrochloric acid (volume fraction): 

50ml hydrochloric acid (5.2) add 50 ml of water, shake well. 
5.7 5% hydrochloric acid (volume fraction): 

Measure 50ml hydrochloric acid (5.2), add 950ml water, shake. 
5.8 sulfur urea (50g / L) - ascorbic acid (50g / L) mixed solution: 

Weighed 10g thiourea and 10g ascorbic acid dissolved in 200ml of water, with the 
existing service. 
5.9 20g / L potassium borohydride (or boron sodium hydride) was added: 

Weigh 10g boron hydride, potassium (or sodium borohydride), was dissolved in 500ml0.5% 
potassium hydroxide solution (superior grade pure), shake. 
5.10 arsenic standard stock solution (1000mg / L), the purchase or self-made: 

Weighed 1.320g (accurate to 0.1mg) was dried to a constant weight of the arsenic 
trioxide in advance in a silica gel desiccator, dissolved in 25ml20% potassium hydroxide 
solution, with 20% sulfuric acid (preferably pure) was diluted to 1000ml, shake well, and 
this solution The arsenic concentration of 1000mg / L. 
5.11 standard intermediate solution (10.0mg / L): 

The aliquot the 10.0ml concentration of 1000mg / L arsenic standard stock solution (5.10), 
into 1000ml volumetric flask, constant volume with water, shake.This solution of arsenic 
concentration of 10.0mg / L. 
5.12 1.00mg / L standard solution: 

The aliquot the 10.0ml concentration of 10.0mg / L arsenic standard intermediate 
solution (5.11), and transferred to a 100mL flask, constant volume, shake.This solution of 
arsenic concentration of 1.00mg / L. 
5.13 argon: more than 99.99% purity. 
6. Analysis steps 
The 6.1 water samples saved 

Water samples after sampling plus nitrate acidified to 1% to be saved, and can 

remain stable for several months. 
6.2 water sample pretreatment 
6.2.1 clean and transparent water samples: 

Amount of water sample aliquot (concentration) 50ml volumetric flask, followed by 
addition of 50% hydrochloric acid (5.6) 10ml thiourea - ascorbic acid solution (5.8) 5 ml, 
constant volume and shaken, and placed at least 15min to be measured.If the room 



temperature is lower than 15 ° C for 30min under test.Preparation and determination of 
sample blank. 
6.2.2 than muddy or matrix interference is more serious water samples: 

Accurate to measure the amount of water samples in 150ml conical flask, add nitric 
acid (5.1) 3 ~ 10ml, placed on a hot plate heated digestion to nearly dry and clarify Shake, 
still undecomposed substances digestion solution processing to 10ml or color darkens 
coolish addition of nitric acid (5.1) 5 ~~ 10ml digestion to about 10ml observed, so 
repeated two or three times to be taken to avoid charring darkening.If you still have not 

decomposed substance is added perchloric acid (5.3), 1 to 2 ml of heated to complete digestion 
to high acid white smoke cleared and then continue to evaporation can not be evaporated 

to dryness, cooling transferred to 50ml volumetric flask, incremented by 50% hydrochloric 
acid (5.6) 10 ml of thiourea - ascorbic acid solution (5.8) 5.0 ml, constant volume and shaken, 
placed at least 15min under test, such as the room temperature is lower than 15 ° C for 
30min under test.Preparation and determination of sample blank. 
6.3 Samples of Determination 
6.3.1 set instrument parameters (depending on the instrument model, measurement parameters 
will be subject to change, the following can be used as reference) 
6.3.1.1 excitation wavelength 193.7nm. 
6.3.1.2 photomultiplier tube negative high voltage 250 ~ 310V. 
6.3.1.3 hollow cathode lamp lamp current 40 ~ 90mA. 
6.3.1.4 atomizer height of 8 ~ 10mm. 
6.3.1.5 atomizer temperature ignition, 200 ℃. 
6.3.1.6 carrier gas flow rate 300 ~ 900ml/min. 
6.3.1.7 shielding gas flow 600 ~ 1200ml/min. 
6.3.1.8 Measurements the standard curve Act. 
6.3.1.9 readings way peak height or peak area. 
A 6.3.1.10 reading time 10 ~ 16s. 
6.3.1.11 delay time 0 ~ 2s. 
6.3.2 Standard curve preparation: 

Respectively accurate pipetting 1.0mg / L arsenic standard solution (5.12) 0.0ml, 0.5ml, 
1.0ml, 2.0ml, 3.0ml, 4.0ml, 5.0ml placed in a 50 ml volumetric flask, 10 ml of 50% 
hydrochloric acid was added to each ( 5.6) and 5 ml of thiourea - ascorbic acid mixed 
solution (5.8), the water volume to 50ml, the concentration of the standard series, 
respectively: 0.0 μ g / L, and 5.0 μ g / L, 20.0 μ g / L, 40.0 μ g / L, 60.0 μ g / L, 80.0 μ g / L, 100.0 μ g / 
L.Determination placed after 15min. 
6.3.3 Determination of sample 

Connected to gas sources in accordance with the instrument operating procedures 

preheating 30min, to adjust the outlet pressure, and using a 5% hydrochloric acid (5.7) as 
a carrier, by instrument parameters adjustment instrument, the determination of arsenic 

standard working curve.Measured standard curve correlation coefficient greater than 0.9990, 
otherwise it should identify the reasons for re-determination of the standard curve, or 

processing data with proportion method. 
Procedures for the Determination of the foregoing, the first determination of the 

sample blank, and then the procedure followed by the concentration of each sample was 

measured. 
5.        Calculation of results 



Instrument random software automatically calculates the working curve was linear 

fitting curve minus sample blank fluorescence intensity was measured after the sample 
fluorescence intensity values substituted into the equation of a curve fitting, that the 
concentration of the sample is drawn.Manual calculation formula is as follows: 

 
In the equation: 
C As - sample concentration, units: the μ g / L; 
c - According to the fluorescence intensity of the sample by subtracting the 

fluorescence intensity of sample blank, from the working curve yield the corresponding 

sample concentration; 
V - sample treated, the final volume was diluted to a predetermined volume; 
V 0 - taken in the volume of the sample to be measured. 
  

8. Precision and accuracy 
  
8.1 precision 

The six laboratory determination of the relative standard deviation of the results 
are as follows: 

Water sample concentration is less than 200 μ g / L, and the relative standard deviation 
of 0.32 to 6.10%. 
8.2 Accuracy 

The six laboratory collaborative experiment, determination of the recoveries the 
results are as follows: 

Water sample concentration is less than 200 μ g / L, the recoveries of 93.2 to 103.9%. 
  

9. Points requiring particular attention 
  
9.1 conical flask, volumetric flask glassware should be timely use of dilute nitric acid 
wash, rinse after use to prevent contamination. 
9.2 potassium borohydride and sodium borohydride is a strong reducing agent, use with 
caution to avoid contact with skin and eyes. 
9.3 the instrumentation delay time and the reading time determine the specific peak shape 
when the experiment.Reference conditions due to instrument models, piping connected to 

the length, thickness differ, the instrument can read the full peak height or peak shape 

can be properly adjusted. 
  
Water quality - Determination of mercury atomic fluorescence spectrometry 
  
1.Scope 

The standard measurement of mercury in water by hydride generation atomic 

fluorescence spectroscopy combined water samples to detect the new technology.With easy 

to operate, with small sample, high sensitivity, good measurement reproducibility, high 

degree of automation, suitable for bulk analysis.Applies to surface water, groundwater, 

precipitation and sewage in the determination of mercury, method detection limit of 0.01 μ 
g / L, in the range of 0.05 ~ 30 μ g / L determination, good linearity.More than 30 μ g / L of the 
sample measured after dilutable. 
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2.Interference 
The standard by hydride generation method, so that the analyte matrix separation, 

interference few common coexisting ions and compounds do not interfere with the 

determination. 
3) Principle of the method 

Sample pre-treated, wherein the various forms of mercury into a divalent mercury (Hg 
2 +), was added potassium borohydride (or sodium borohydride) is reacted therewith to 
generate atomic state mercury atoms Hg with argon gas import atoms The homogenizer, 

mercury high strength hollow cathode lamp as an excitation light source, a mercury atom 

photodetecting radiation excitation to produce fluorescence, and calculate the content of 

mercury in the sample by detecting the fluorescence intensity, the fluorescence intensity 

within a certain range and proportional to the mercury content of the relationship. 
4.instrument (meter) 
4.1 atomic fluorophotometer. 
4.2 mercury high strength hollow cathode lamp. 
4.3 constant temperature water bath. 
4.4 commonly used in glass container. 
5. Reagents 

The standard of water refers to deionized water or water of equivalent purity. 
5.1 sulfuric acid (H2SO4): ρ = 1.84g/ml, excellent pure. 
5.2 nitric acid (HNO3): ρ = 1.42g/ml, excellent pure. 
5.3 hydrochloric acid (HCl): ρ = 1.18g/ml, excellent pure. 
5.4 dichromate solution: 50g / L. 
5.5 the potassiumpersulfate solution: 20 g / L,. 
5.6 Potassium bromate (0.1mol / L) - potassium bromide (10g / L) mixed solution: 

Weigh 2.8g of potassium bromate (excellent pure) dissolved, add 10g potassium bromide 
(superior grade pure), diluted with water to 1000ml, placed in a brown reagent bottle to 
save, if any the bromine precipitation, should be reconstituted. 
5.7 5g / L hydroxylamine hydrochloride solution: 

This solution such as containing a small amount of mercury required in the solution 

was purified first, and then used. 
5.8 5% hydrochloric acid solution (volume fraction): 

Measure 50ml hydrochloric acid (5.3), add 950ml water, shake. 
5.9 20g / L potassium borohydride (or boron sodium hydride) was added: 

Weigh 10g boron hydride, potassium (or sodium borohydride), was dissolved in 500ml0.5% 
potassium hydroxide solution (superior grade pure), shake. 
5.10 mercury standard fixative: 

Weighed about 0.5 grams of potassium dichromate (excellent pure) was dissolved in the 
appropriate amount of water, then add 50ml of nitric acid and diluted to 1000ml shake. 
5.11 mercury standard stock solution (1000mg / L), the purchase or self-made: 

Said take fully dried, placed in a silica gel desiccator 1.3540g (accurate to 0.1mg) 
mercuric chloride, dissolved mercury standard the fixatives (5.10), transferred to a 1000ml 
volumetric flask, and then the mercury standard fixative (5.10 ) accurately diluted to 
the mark, shake. 
5.12 the middle of the mercury standard solution (1.0mg / L): 



Imbibe 1000mg / L mercury standard stock solution (5.11) 1.0ml 1000ml volumetric flask, 
add about 0.5g of potassium dichromate (superior grade pure), and mercury standard 
fixatives (5.10) is diluted to the mark. 
5.13 0.010mg / L mercury standard solution: 

Imbibe the middle of the mercury standard solution (5.12) 1.0ml in 100ml flask with a 
mercury standard the fixatives (5.10) diluted to the mark, shake. 
And 5.14 argon: greater than 99.99% purity. 
6 analysis steps 
6.1Preservation of water samples 

Water sampling should be analyzed as soon as possible, if not timely analysis of 

nitric acid (5.2) acidified water sample to 1% should be added to save. 
6.2 water sample pretreatment 
6.2.1 Potassium dichromate - potassium persulfate digestion: 

This law applies to surface water, groundwater and wastewater. 
Take the shake 1.0 ~ 5.0ml wastewater (or 10ml clean surface water, groundwater) in 25ml 

colorimetric tube, diluted to 10.0ml, added 0.3ml sulfate (5.1), 0.3ml of nitric acid (5.2), 
and mix.Then add 1 ml of potassium dichromate solution (5.4), should be kept for at least 15 
minutes does not fade, or should be the additional amount.The then added 1ml of potassium 
persulfate solution (5.5), in the water bath to maintain occlusion near boiling 1H, remove 
the cooling.Before use, was added dropwise a hydroxylamine hydrochloride solution (5.7), 
until the solution bleaching, and then diluted to the mark. 
6.2.2 Potassium bromate - potassium bromide digestion: 

This method is suitable for small sewage clean surface water, groundwater and organic 

pollutants.5.0 ~ 10.0ml water samples taken 25ml colorimetric tube, add 1ml of sulfuric acid 
(5.1), the 1 ml brominating agent (5.6), occlusion, shake, temperature 20 ° C or above, at 

least for 5min.The sample, such as, orange yellow bromine precipitation should 
appropriate additional brominating agent, but shall not exceed a maximum of 3ml otherwise 
use potassium dichromate - potassium persulfate digestion method for processing.Before use, 
the dropwise addition of hydroxylamine hydrochloride solution to restore the excess 

bromine, diluted with water to the mark. 
6.3 Samples of Determination 
6.3.1 set the instrument parameters (depending on the instrument model, measurement 
parameters will be subject to change, the following can be used as reference) 

6.3.1.1 excitation wavelength 253.7nm. 
6.3.1.2 photomultiplier tube negative high 
voltage 240 ~ 340V. 

6.3.1.3 lamp current 15 ~ 55mA. 
6.3.1.4 atomizer temperature ignition, 200 ℃. 
6.3.1.5 atomizer height of 8 ~ 12mm. 
6.3.1.6 carrier gas flow rate 300 ~ 900ml/min. 
6.3.1.7 shielding gas flow 500 ~ 1200ml/min. 
6.3.1.8 Measurements the standard curve Act. 
6.3.1.9 readings way peak height or peak area. 
A 6.3.1.10 reading time 10 ~ 16s. 
6.3.1.11 delay time 0 ~ 2s. 
6.3.2 the preparation of the standard curve 



Imbibe 0.010mg / L mercury standard use solution 0.0ml, 1.0ml, 2.0ml, 4.0ml, 6.0ml, 
8.0ml, 10.0 ml Add 100ml volumetric flask, diluted with 5% hydrochloric acid (5.8) to the 
scale.The concentration of the standard series, respectively: 0.0 μ g / L, 0.10 μ g / L, 0.20 μ g 
/ L, 0.40 μ g / L, 0.60 μ g / L, 0.80 μ g / L, 1.00 μ g / L.Determination placed after 15min. 
6.3.3 Determination of sample 

Accordance with the instrument operating procedures, preheating 30min, turning on the 
gas source, and to adjust the outlet pressure, using a 5% hydrochloric acid (5.8) as a 
carrier, in accordance with the instrument operating parameters to adjust the instrument, 

the determination of mercury standard curve.Measured standard working curve number should 

be greater than 0.9990, otherwise it should identify the reasons for re-determination of 
the standard curve, or processing data with proportion method.Procedures for the 

Determination of the foregoing, the first determination of the sample blank, and then the 

procedure followed by the concentration of each sample was measured. 
6.        Calculation of results 
Instrument random software automatically calculates the working curve was linear 

fitting curve minus sample blank fluorescence intensity was measured after the sample 

fluorescence intensity values substituted into the equation of a curve fitting, that the 

concentration of the sample is drawn.Manual calculation formula is as follows: 

 
In the equation: 
C Hg - sample concentration.Unit: μ g / L 
c - According to the fluorescence intensity of the sample by subtracting the 

fluorescence intensity of sample blank, from the working curve yield the corresponding 

sample concentration; 
V - sample treated, the final volume was diluted to a predetermined volume; 
V 0 - taken in the volume of the sample to be measured. 
  

8. Precision and accuracy 
8.1 precision 

The three laboratories collaboration Experimental measured relative standard 
deviation results are as follows: 

Water sample concentration is less than 30 μ g / L, and the relative standard deviation 
of 0.22 to 4.28%. 
8.2 Accuracy 

The three laboratory collaborative experiment, determination of the recoveries the 
results are as follows: 

The concentration of the water samples is less than 30 μ g / L, the recoveries were 93.0 
to 104.0%. 

  
9. Points requiring particular attention 
  
9.1 conical flask, volumetric flask glassware should be timely use of dilute nitric acid 
wash, rinse after use to prevent contamination. 
9.2 potassium borohydride and sodium borohydride is a strong reducing agent, use with 
caution to avoid contact with skin and eyes. 
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9.3 the instrumentation delay time and the reading time determine the specific peak shape 
when the experiment.Reference conditions due to instrument models, piping connected to 

the length, thickness differ, the instrument can read the full peak height or peak shape 

can be properly adjusted. 
  
Water quality in the determination of selenium atomic fluorescence 

spectrometry 
1.Scope 

The standard determination of selenium in water by hydride generation atomic 

fluorescence spectroscopy combined water samples to detect the new technology.With easy 

to operate, with small sample, high sensitivity, good measurement reproducibility, high 

degree of automation, suitable for bulk analysis.Applies to surface water, groundwater, 

precipitation and sewage in the determination of selenium, method detection limit of 0.3 μ 
g / L, 1 ~ 300 μ g / L within the measurement range, good linearity.More than 300 μ g / L of the 
sample measured after dilutable. 
2.Interference 

The standard by hydride generation method, so that the analyte matrix separation, 

interference few common coexisting ions and compounds do not interfere with the 

determination. 
3) Principle of the method 

Sample pretreated, wherein the various forms of selenium into a tetravalent selenium 

(Se 4 +), added potassium borohydride (or sodium borohydride) and its reaction, gaseous 
hydride selenium, with argon gaseous hydride selenium Loading atoms digitizer atom, 

selenium and high strength hollow cathode lamp as the excitation source, a selenium atom 

is excited by the optical radiation to produce fluorescence, by detecting the 

fluorescence intensity, the fluorescence intensity within a certain range and the 

solution is proportional to the selenium content relationship, the sample was calculated 

selenium content. 
4.instrument (meter) 
4.1 atomic fluorophotometer. 
4.2 selenium high strength hollow cathode lamp. 
4.3 2 W electric hot plate. 
4.4 commonly used in glass container. 
5. Reagents 

The standard of water refers to deionized water or water of equivalent purity. 
5.1 hydrochloric acid (HCl): ρ = 1.18g/ml, excellent pure. 
5.2 nitric acid (HNO 3): ρ = 1.42g/ml, excellent pure. 
5.3 perchloric acid (HClO 4): ρ = 1.67g/ml, superior grade pure. 
5.4 5% hydrochloric acid solution: 

Measure 50ml hydrochloric acid (5.1), add 950ml water, shake. 
5.5 15g / L solution of boron hydride, potassium (or sodium borohydride): 

Weigh 7.5g of boron hydride, potassium (or sodium borohydride), was dissolved 500ml0.5% 
potassium hydroxide (superior grade pure) solution, shake. 
5.6 Selenium standard stock solution (100.0mg / L): the purchase or self with: 

Method of preparation: Weigh accurately taken 0.1000g (accurate to 0.1mg) 
spectroscopically pure selenium powder was dissolved with a small amount of nitric acid 



(5.2), Add 2mL perchloric acid (5.3), heated in a boiling water bath to remove nitrate, 
coolish adding a small amount of water and 8.4mL hydrochloric acid (5.3), continue heating 
for two minutes, then transfer to a 1000 ml volumetric flask, dilute with water to volume, 
and mix.This standard stock solution can be stored for one year. 
5.7 5.00mg / L selenium standard intermediate solution: 

Accurate pipetting the selenium standard stock solution (5.6) 5.0ml in 100ml volumetric 
flask, dilute to the mark with water. 
5.8 0.1mg / L selenium standard solution: 

Aliquot selenium intermediate standard solution (5.7) 10.0ml washed with 5% 
hydrochloric acid (5.4) in 500 ml volumetric flask, dilute to scale. 
5.9 Argon: purity greater than 99.99%. 
  
6 analysis steps 
6.1Preservation of water samples 

Water samples after sampling plus nitrate acidified to 1% to save Determination 
completed within a month. 
6.2 water sample pretreatment 

The amount of water sample (accurate to 0.1ml) in 150ml Erlenmeyer flask, add nitric 
acid (5.2) 3 ~~ 5ml aliquot placed on a hot plate digestion to 1ml Shake.If the solution is 
turbid, supplemented with nitric acid (5.2) 2ml continue digestion until the solution is 
clear and transparent, and evaporated to near dryness, cooling, transferred to 25ml 
colorimetric tube, then add 5ml hydrochloric acid (5.1), diluted with water to the mark 
placed after 10min under test, while prepared and determination of sample blank. 
6.3 Samples of Determination 
6.3.1 Instrument operating conditions (depending on the instrument model, measurement 
parameters will vary, the following can be used as reference) 

6.3.1.1 excitation wavelength 217.6nm. 
6.3.1.2 photomultiplier tube negative high voltage 240 ~ 340V. 
6.3.1.3 hollow cathode lamp lamp current 40 ~ 90mA. 
6.3.1.4 atomizer height of 8 ~ 10mm. 
6.3.1.5 atomizer temperature ignition, 200 ℃. 
6.3.1.6 carrier gas flow rate 300 ~ 900ml/min. 
6.3.1.7 shielding gas flow 700 ~ 1200ml/min. 
6.3.1.8 Measurements the standard curve Act. 
6.3.1.9 readings way peak height or peak area. 
A 6.3.1.10 reading time 10 ~ 16s. 
6.3.1.11 delay time 0 ~ 2s. 
6.3.2 the preparation of the standard curve 

Imbibe 0.0ml, 1.0ml, 2.0ml, 4.0ml, 6.0ml, 8.0ml, 10.0ml selenium standard solution (5.8) in 
25ml colorimetric tube, then were added to 5ml hydrochloric acid (5.1), diluted with water 
to the mark This standard series concentrations were: 0.0 μ g / L, 4.0 μ g / L and 4.0 μ g / L, 16.0 
μ g / L, 24.0 μ g / L, 32.0 μ g / L, 40.0 μ g / L, determination placed after 10min. 
6.3.3 Determination of sample 

Accordance with the instrument operating procedures, preheating 30min, turning on the 
gas source, and to adjust the outlet pressure, using a 5% hydrochloric acid (5.4) as a 
carrier, in accordance with the instrument operating parameters to adjust the instrument, 

selenium standard working curve was measured.Measured standard curve correlation 



coefficient greater than 0.9990, otherwise it should identify the reasons for re-
determination of the standard curve, or processing data with proportion method.Procedures 

for the Determination of the foregoing, the first determination of the sample blank, and 

then the procedure followed by the concentration of each sample was measured. 
7.Calculation of results 

Instrument random software automatically calculates the working curve for linear 

fitting curve, the determination of the sample fluorescence intensity value minus sample 
blank value, substituting a fitting curve equation to derive the concentration of the 

sample.Manual calculation formula is as follows: 

 
In the equation: 
C Se - sample concentration, unit: μ g / L 
c - According to the fluorescence intensity of the sample by subtracting the 

fluorescence intensity of sample blank, from the working curve yield the corresponding 

sample concentration; 
V - sample treated, the final volume was diluted to a predetermined volume; 
V 0 - taken in the volume of the sample to be measured. 
  

8. Precision and accuracy 
8.1 precision 

Three laboratory measurement results are as follows: 
Water sample concentration is less than 300 μ g / L, the relative standard deviation of 0.21 
to 4.43%. 
8.2 Accuracy 

3 laboratory collaborative experiment, the spiked recoveries results are as follows: 
Water sample concentration is less than 300 μ g / L, 95.2 to 105.0% of the recoveries. 
9.Points requiring particular attention 
9.1 conical flask, volumetric flask glassware should be timely use of dilute nitric acid 
wash, rinse after use to prevent contamination. 
9.2 potassium borohydride and sodium borohydride is a strong reducing agent, use with 
caution to avoid contact with skin and eyes. 
9.3 the instrumentation delay time and the reading time determine the specific peak shape 
when the experiment.Reference conditions due to instrument models, piping connected to 

the length, thickness differ, the instrument can read the full peak height or peak shape 

can be properly adjusted. 
  
Determination of water lead atomic fluorescence spectrometry 
  
1.Scope 

The standard determination of lead in water by hydride generation atomic fluorescence 

spectroscopy combined water samples to detect the new technology.Dithizone 

spectrophotometry, atomic absorption spectrophotometric method for the determination of 

lead in water compared with matrix interference, easy to operate, with a small sample, 

the sensitivity and high accuracy measurement reproducibility, high degree of automation, 

suitable for large bulk analysis.Applies to surface water, groundwater, precipitation, 
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and the determination of lead in sewage.The method detection limit of 1.0 μ g / L, 2 ~ 200 μ g 
/ L range, good linearity.More than 200 μ g / L of the sample measured after dilutable. 
2. Interference 

The standard Hydride, making the separation of analyte and matrix, very little 

interference, of coexistence ions and compounds do not interfere with the 

determination.When the lead content of 40.0 μ g / L, if the coexisting ions were 609.2 μ g / L 
ferric iron, 214 μ g / L of divalent manganese, 201.6 μ g / L of divalent nickel, 200 μ g / L, a 
divalent mercury, of 52360 μ g / L divalent zinc, 2000 μ g / L hexavalent chromium, the 
determination of non-interference. 
3) Principle of the method 

Sample pretreated, wherein the various forms of lead conversion is a tetravalent lead 

(Pb4 +), adding boron hydride, potassium (or sodium borohydride) is reacted therewith to 
generate a gaseous hydride lead with argon gas atomized gaseous hydrides lead Loading 

atomized, to lead high-strength hollow cathode lamp as excitation light source, a lead 

atom by optical radiation to excite fluorescence, by detecting the fluorescence intensity, 

the fluorescence intensity within a certain range and the lead content of the solution is 

proportional to the relationship, and the sample is calculated. The lead content. 
4.instrument (meter) 
4.1 atomic fluorophotometer. 
4.2 lead high strength hollow cathode lamp. 
4.3 3kW electric hot plate. 
4.4 commonly used in glass container. 
5.Reagents 

The standard of water refers to deionized water or water of equivalent purity. 
5.1 sulfuric acid (H2SO4): ρ = 1.84g/ml, excellent pure. 
5.2 nitric acid (HNO3): ρ = 1.42g/ml, excellent pure. 
5.3 hydrochloric acid (HCl): ρ = 1.18g/ml, excellent pure. 
5.4 potassium hydroxide (KOH): excellent pure. 
5.5 50% hydrochloric acid: 

The amount of to take 50ml hydrochloric acid (5.3), and slowly added 50 ml of water and 
shake. 
5.6 5% hydrochloric acid: 

Measure 50ml hydrochloric acid (5.3), and slowly added 950ml water, shake. 
5.7 40g / L oxalic acid solution: 

Said take 4g oxalate, dissolved in appropriate amount of water, and water was diluted 
to 100 ml. 
5.8 100g / L potassium ferricyanide solution: 

Weigh 10 g of potassium ferricyanide was dissolved in appropriate amount of water, and 
diluted to 100 ml with water.With existing service. 
5.9 20g / L potassium borohydride (or boron sodium hydride) was added: 

Weigh 10g of boron hydride, potassium (or sodium borohydride), was dissolved in 500 ml 
of 0.5% potassium hydroxide (superior grade pure) solution, shake. 
5.10 1000mg / L lead standard stock solution, purchase or self-made: 

Said take 1.599g (accurate to 0.1mg) excellent pure lead nitrate dissolved in 200ml 
water, add 20ml of nitric acid, transferred to a 1000ml flask, dilute with water up to the 
mark, shake. 
5.11 10.0mg / L lead standard intermediate solution: 



Accurate removal of lead standard stock solution (5.10) (10.0 ml) and then potassium 
carbonate in 1000ml volumetric flask, dilute with water up to the mark, shake. 
5.12 1.00mg / L lead standard solution: 

Accurate pipetting the middle of the lead standard solution (5.11) (10.0 ml) and then 
potassium carbonate in 100 mL volumetric flask, dilute with water up to the mark, shake. 
And 5.13 argon: greater than 99.99% purity. 
6.Analysis steps 
The 6.1 water samples saved 

Water samples after sampling plus nitrate acidified to 1% to save Determination 
completed within a month. 
6.2 Water pretreatment 
6.2.1 clean and transparent water samples 

Water sample aliquot (depending on the concentration, accurate to 0.1ml) in 50 mL 
volumetric flask was added 2.0ml 50% hydrochloric acid (5.5) 0.5ml 40 g / L, the oxalic acid 
solution (5.7), then add 2.0ml 100g / L potassium ferricyanide solution (5.8), set the volume 
with water, shake well.Placed 30min determination on the machine. 
6.2.2 cloudy or serious matrix interference watery 

Aliquot 50.0ml water samples in 100ml conical flask, add 3ml of nitric acid (5.2), slight 
boiling on a hot plate digestion to nearly dry, add water, 20 ml of heated to nearly dry, 
then add 1ml hydrochloric acid (5.3), digested to near dryness, full rush of nitric acid, 
until the solution clarified and added 2.0ml50% hydrochloric acid (5.5) 0.5ml 40 g / L, the 
oxalic acid solution (5.7), 2.0 ml of 100g / L of potassium ferricyanide solution (5.8), water 
capacity, shake .Placed after 30min under test. 
6.3 Samples of Determination 
6.3.1 set instrument parameters (depending on the instrument model, measurement parameters 
will be subject to change, the following can be used as reference) 
6.3.1.1 excitation wavelength 228.8nm. 
6.3.1.2 photomultiplier tube negative high voltage 250 ~ 310V. 
6.3.1.3 hollow cathode lamp lamp current 40 ~ 90mA. 
6.3.1.4 atomizer height of 10 ~ 14mm. 
6.3.1.5 atomizer temperature ignition, 200 ℃. 
6.3.1.6 carrier gas flow rate 300 ~ 900ml/min. 
6.3.1.7 shielding gas flow 600 ~ 1200ml/min. 
6.3.1.8 Measurements the standard curve Act. 
6.3.1.9 readings way peak height or peak area. 
The 6.3.1.10 reading time 12 ~ 16s. 
6.3.1.11 delay time 0 ~ 2s. 
The 6.3.2 standard working curve preparation 

Respectively accurate pipetting lead standard solution (5.12) 0.0ml, 0.5 ml, 1.0ml, 
2.0ml, 3.0ml, 4.0ml, 5.0ml placed in a 50 ml volumetric flask and added to each 2ml50% 
hydrochloric acid solution (5.5) 0.5ml40g / L oxalic acid solution (5.7), 2.0ml100g / L 
potassium ferricyanide solution (5.8), set the volume to 50mL.The concentration of the 
standard series, respectively: 0.0 μ g / L and 5.0 μ g / L, 20.0 μ g / L, 40.0 μ g / L, 60.0 μ g / L, 80.0 
μ g / L, 100.0 μ g / L, placed after 30min under test. 
The 6.3.3 sample of Determination 

Accordance with the instrument operating procedures, preheating 30min, turning on the 
gas source, and to adjust the outlet pressure, using a 5% hydrochloric acid (5.6) as a 



carrier, in accordance with the instrument operating parameters to adjust the instrument 

lead standard working curve was measured.Measured standard curve correlation coefficient 

greater than 0.9990, otherwise it should identify the reasons for re-determination of the 
standard curve, or processing data with proportion method.Procedures for the 

Determination of the foregoing, the first determination of the sample blank, and then the 

procedure followed by the concentration of each sample was measured. 
7 the results of calculations 

Instrument random software automatically calculates the working curve was linear 

fitting curve minus sample blank fluorescence intensity was measured after the sample 

fluorescence intensity values substituted into the equation of a curve fitting, that the 

concentration of the sample is drawn.Manual calculation formula is as follows: 

 
In the equation: 

C Pb - sample concentration, unit: μ g / L,; 
c - According to the fluorescence intensity of the sample by subtracting the 

fluorescence intensity of sample blank, from the working curve yield the corresponding 

sample concentration; 
V - sample treated, the final volume was diluted to a predetermined volume; 
V 0 - taken in the volume of the sample to be measured. 

8. Precision and accuracy 
8.1 precision 

The six laboratory determination of the relative standard deviation of the results 
are as follows: 
Water sample concentration is less than 200 μ g / L, and the relative standard deviation of 
0.3 to 5.96%. 
8.2 Accuracy 

The six laboratory determination of the results of the recoveries are as follows: 
Water sample concentration is less than 200 μ g / L, and the recovery was 92.9 to 104.8%. 
9. Points requiring particular attention 
Fully sure 9.1 digestion of water samples in time to make nitric acid, a strong inhibition 
of fluorescence due to nitric acid.The effluent pH value should be controlled at 8 to 9. 
9.2 conical flask, volumetric flask glassware should be timely use of dilute nitric acid 
wash, rinse after use to prevent contamination. 
9.3 potassium borohydride and sodium borohydride is a strong reducing agent, use with 
caution to avoid contact with skin and eyes. 
9.4 the instrumentation delay time and the reading time determine the specific peak shape 
when the experiment.Reference conditions due to instrument models, piping connected to a 

different length, thickness and different, appropriate adjustments to the instrument can 

read the full peak height or peak area can be. 
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Appendix Ⅳ zinc concentrate chemical analysis method the amount 

of mercury by atomic fluorescence spectrometry 

  
               GB / T 8151.15-2005 
Zinc concentrate chemical analysis method 
Determination of the amount of mercury atomic fluorescence spectrometry 
1 Scope 
    This standard specifies the method for determination of zinc concentrate mercury. 
    This standard applies to the determination of zinc concentrate mercury 

content.Measuring range: 0.000 50% - 200%. 
2 Methods and Principles 
    Sample was dissolved with hydrochloric acid, nitric acid, hydrochloric acid as the 

carrier, the potassium borohydride solution as reducing agent, a mercury hollow cathode 

lamp as the excitation source, hydride generator, mercury is potassium borohydride 



reduction is a hydride with hydrogen, leaders quartz furnace atomizer in atomic 

fluorescence spectrometer measuring the fluorescence intensity of the mercury. 
3 Reagents and materials 
3. 1 reagent 
3.1.1 the potassium hydroxide excellent pure. 
3. 1.2 Potassium borohydride excellent pure. 
3. 1.3 Potassium dichromate, superior grade pure. 
3. 1.4 Mercury dichloride (HgCl 2) (≥ 99.9%). 
3.2 solution 
3.2.1 purity hydrochloric acid (ρl.19 g / ml.). 
3.2.2 High-purity nitric acid (ρ1.42 g / mL). 
3.2.3 potassium hydroxide solution ((0.5%): Weigh 0.5 g of potassium hydroxide (3.1.1) 
dissolved in 100 ml, water. 
3.2.4 potassium borohydride solution (0.05%): Weigh 0.5 g of potassium borohydride (3.1.2) was 
dissolved in 1000 ml-potassium hydroxide solution ((3.2.3), with the existing service. 
3.2.5 High-purity nitric acid (1 +19). 
3.3 standard solution 
3. 3. 1 The mercury standard protection solution: Weigh 0. 5 g potassium dichromate (3.1.3) was 
dissolved in nitric acid solution (3.2.5) and diluted to 1 liter. 
3.3.2 mercury standard stock solution ((0.1 mg / mlJ: Weigh two mercuric chloride (3.1. 4) 0 
135 4 g, was dissolved in nitric acid solution (3.2.5), with the mercury standard protective 
solution (3.3.1) was diluted to 1 liter. 
3.3.3 mercury standard solution ((0.1 ug / ml.): Pipette 0. 50 ml, and storage of mercury 
standard solution (3.3.2) in a 500 mL volumetric flask with nitric acid (3.2.5) diluted to the 
mark. 
3.4 Materials 
Hydrogen (≥ 99.99%): shielding gas and carrier gas. 
4 Instrument 
    Atomic fluorescence spectrometer, with a mercury special hollow cathode lamp. 
    Who can achieve the optimum operating conditions, the following indicators can be 

used: 
- Detection limit: no more than 1 X 10 - .9 g / mI 

- Precision: 0.1 ug / mL of the mercury standard solution fluorescence intensity was 
measured 10 times, and the standard deviation should not exceed the mean fluorescence 
intensity of 5.0%. 
- Use atomic fluorescence spectrometer lamp current of 80 mA, negative high voltage of 
260 V, the carrier gas flow rate of 400 ml / min and shielding gas flow rate of 800 mL / / 
min. 
5 analysis steps 
5. Sample 1 

Weigh 0.100 g sample to the nearest 0 000 1 g, 
5.2 Blank test 
Along with the blank test sample. 

5.3 Determination 
5.3.1 will test materials (5.1) in a 150 mL beaker, add 10 ml hydrochloric acid (3.2.1), 
80 ° C - 100 ° C water bath heating for several minutes to remove hydrogen sulfide, 

plus 5 ml of nitric acid (3.2 .2) continue to dissolve completely, remove the cooling, 



transferred into a 100 mL volumetric flask, dilute to the mark with high water, and 
mix.Measured after dispensing a constant volume according to Table 1. 
Table 1. 

Mercury mass 

fraction /% 
Sharing the test 

solution volume / 
mL 

Determination of 

the volume of the 

solution / mL 

Additional amount 

of hydrochloric 

acid (3.2.1) / mL 
0.0005 10.00 100 5
> 0.01-0.02 5.00 100 5
> 0.02-0.10 1.00 100 5
> 0.10.0.20 1.00 100 10

  
5.3.2 hydrochloride ((1 + 19) for the carrier, potassium borohydride solution (3.2.4) as a 
reducing agent, mercury hollow cathode lamp as the excitation source, along with 

sample blank solution as the reference atomic fluorescence spectrometer ratio, 

measuring the fluorescence intensity of the solution of the sample to detect the 

corresponding concentration of mercury from the working curve 
5.4 curve drawing 
5.4 1 Pipette 0.5 mL, 00 mL, 2 00 mL, 3 00 mL, 00 mL, 00 mL, 10.00 mL mercury standard 
solution (3.3.3) in a group of 100 ml capacity flask were added 5 mL of hydrochloric acid 
(3.2.1), pure water diluted to the mark, mix, now with the time.Corresponding to this 
standard solution, the concentration of mercury is 0,0.50 ng / mL, and L, 00 ng / ml, 2.00 ng 
/ mL, 3.00 ng / mL, 00 ng / mI from 5.00 ng/mL10.00 ng / mL. 
5.4.2 hydrochloride ((1 +19) is the carrier and the solution of potassium borohydride 
(3.2.4) as a reductant, to a reagent blank as a reference, the measurement of the 
standard solution under the same conditions as the sample solution was measured, 
fluorescence intensity.Mercury concentration as abscissa, the fluorescence intensity 

of the vertical axis, the working curve. 
6 Analysis of the results of the calculation 

Calculated as the mass fraction of mercury (%):  
 
    In the equation: 
    c eleven Since the working curve check the concentration of mercury, in units 
of nanograms per milliliter (ng / mL); 
V 0 - the total volume of the test solution, in milliliters (mL); 
V 1 - dispensing test solution volume in milliliters (mL); 
    V 2 - Determination of test solution volume in milliliters (mL); 
    m 0 - sample mass, in grams (g). 
The results are expressed to three decimal places; said the mercury content of less 
than 0.010% to 4 decimal; said if the mercury content of less than 0.0010% to 5 
decimal places. 
  
7 precision 
7.1 Repeatability 
Under repeatability conditions of two independent measurement value of the test 

results in the average value within the given hereinafter, the absolute difference of 

the two test results does not exceed a repeatability limit (r) exceeds repeatability 



limit (R ) the situation does not exceed 5%, and the reproducibility limit (r) is 
obtained by linear interpolation method by the data in Table 2: 

  
Table 2. 
Mercury mass 

fraction (%) 
0.000 39 0.004 3 0.018 0.098

 0.000 08 0.0005 0.002 0.010
  

7.2 Reproducibility 
Two independent test results obtained under reproducibility conditions the absolute 

difference is not greater than the reproducibility limit (R), over the 
reproducibility limit (R) does not exceed 5%, and the reproducibility limit (R) data 
in Table 3 using linear interpolation obtained by: 
Table 3. 
Mercury mass 

fraction (%) 
0.000 39 0.004 3 0.018 0.098

 0.000 10 0.000 6 0.003 0.012
  

    Note: The reproducibility (r) is 2.8 S r.S r .Repeatability standard deviation. 
Reproducibility (R) is 2.8S R, S R as reproducibility standard deviation. 
8 Quality assurance and control 

Application sample of national standards or industry-level standard samples 

(when the two are not, and can also be used to control the standard alternative), 

weekly or biweekly check of the validity of the standard analytical method. When the 

process is out of control, should find out why and correct the error, re-checked. 
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Appendix V atomic fluorescence standard analytical conditions are 

summarized 

  

Element 
Media Reducing agent 
Acid KOH KBH 4 

Arsenic (As) HCL 5-10% 0.5% 1.5% 
A hot 

mercury on 

mercury 
(Hg). 

HCL 5% 0.5% 1.5% 

Cold 

mercury 
HCL 5% 0.5% 0.05% 

Selenium 
(Se) HCL 10-20% 0.5% 1.5% 

Antimony 
(Sb) HCL 5-10% 0.5% 1.5% 

Bismuth (Bi) HCL 5-10% 0.5% 1.5% 

Tin (Sn) H 2 SO 
4 

1.5% 0.5% 1.5% 

Germanium 
(Ge) 

H 3 PO 
4 

10-20% 0.5% 1.5% 

Tellurium 
(Te) HCL 10-20% 0.5% 1.5% 

Lead (Pb) HCL 1.5% 1% 

1% + 1.5% 

potassium 

ferricyanide K 3 
[Fe (CN) 6] 

Cadmium (Cd) HCL 2% HCL + 1.0ug/mlCo 
+1% thiourea 

0.5% 3% 

Zinc (Zn) HCL 0.5-1% + 0.5ug/mlNi 
(Co) 0.5% 2%  
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