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SUMMARY

This text describes a routine procedure for the determination of 
arsenic in biological materials by neutron activation analysis. 
Unlike most methods published in literature the present analysis 
is not based on chemical separation by destination.
After a first purification by anion-exchange the ^^As-activity 
(T| = 26,4 h) is isolated by precipitation as the metal.
The method was tested by analysis of the standard kale powder.
This material was prepared and issued by Bowen in 1966, to provide 
a reliable standard for the intercomparison of various methods.
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1. INTRODUCTION

The arsenic-content of biological materials seldomly exceeds 1 yg/g
|1| . If these amounts are to be determined in small samples of
tissue, blood, hair etc., a sensitive method should be available.
Neutron activation analysis offers a suitable solution. After

13 -2  -1activating for 24 hours in a thermal neutron flux of 10 cm sec , 
the specific activity of 76As (T^ = 26.4 h) will be - 2.10^ des- 
integrations sec *yg *.
Three types of arsenic determinations based on thermal neutron 
activation are described in literature. In all cases the y-ray 
spectrum of 76As is registered and the area under the 559 keV 
photopeak is measured.

a) Without chemical separation |2 |.
The sample is measured for the 559 keV line of 76As with a 20 cm3 

coaxial Ge(Li) detector, 12 hours after the end of the irradiation. 
The sensitivity is poor due to the interference of 82Br 
(Ti = 35.4 h) and 122Sb (T| = 2.7 d).

b) With chemical separation by distillation as AsBr^. |3,4|.
Selenium, bromine, iodine and mercury are distilled too.
Usually a further purification is performed by ion-exchange 
and precipitation. Chemical yield is determined by gravimetry.

c) With separation by liquid-liquid extraction |5 |.
Arsenic and selenium are extracted in benzene from a 1 M hydro- 
bromic acid solution. After back-extraction with distilled water 
the arsenic is precipitated as the metal. Recovery is determined 
by reactivation.
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When analysing small biological samples, the amount of arsenic 
present may be as low as 0.1 ng. Consequently the purely instrumental 
determination is too insensitive. Distillation is rather laborious 
in routine analysis, while liquid-liquid extraction is not rigorous 
enough a separation.
Combination of (rapid) ion-exchange and precipitation as the metal 
was regarded as the most promising procedure.

2. PRINCIPLE

After some initial experiments the following procedure was adopted:
Samples are packed in quartz vials and irradiated for one day in a

13 -2 -1thermal neutron flux of = 5.10 cm sec . Standards are made by 
drying a standard solution on aluminium foils.
After a cooling period of = 48 hours the samples are transferred 
into a beaker and destructed with a mixture of conc. sulphuric acid 
and nitric acid in the presence of carrier. The residue is dissolved 
in 8 N hydrochloric acid. Some hydrogen peroxide is added to ensure 
the oxidation of arsenic and antimony to the pentavalent state.
Bromine is completely eliminated by the destruction and the oxidation.
Some sodium specific HAP ion-exchange resin 16 j is added and the solution 
is swirled thoroughly and centrifuged.
The supernatant is applied to a small Dowex-1 X- 8  100 - 200 mesh 
column. Iron, cobalt, zinc, antimony and most of the gold are 
adsorbed.

Two grams of ammonium hypophosphite are added and the solution is 
heated on the steam:-bath. The precipitate of metallic arsenic is 
allowed to settle, filtered off, dried by washing with acetone and 
weighed to determine the chemical yield (60 - 80 %).
It is then counted with a 3" x 3" Nal well-type crystal, connected 
to a 400 channel analyzer.
The area under the 559 keV photopeak is calculated from the recorded 
gamma-ray spectrum. The observed specific count-rate in the photo
peak is = 2.10^ counts m ' (yg As) Spectrometry is necessary to 
detect any residual interferences, such as 1 9 8 Au. The method is 
faster than the procedures discussed in literature.
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The procedure can be simplified if the concentration is greater 
than - 0.1 ppm and if the sample-weight exceeds = 50 mg.
The ion-exchange column can now be omitted. The HAP- and the 
Dowex-1 resin are added to the solution simultaneously and 
stirred to a slurry, which is then centrifuged.

3. EXPERIMENTAL

3.1. Chemicals and equipment

As^Q^ All chemicals are of p.a. quality.

nh4 h 2 po2

Cone. H_S0.2 4
Cone. HN03 

8 N HC1

0.01 N HC1

2.5 N KOH 

30% H2 02 

Acetone

Dowex-1 X- 8  100 - 200 mesh resin
HAP (sodium specific) cation-exchange resin.

-2Al-foils (3 - 4 mg cm ).

Double distilled water.

Liquid nitrogen.

Quartz vials (inside diameter 2 - 4  mm)
Perspex vials (inside dimensions 12 x 22 mm)
Glass columns, equipped with a stop-cock (inside dimensions 6 x 130 mm) 
1 0 0 ml beakers 
15 ml test tubes
A 100 ml and a 1000 ml volumetric flask 
A radiochemical "chimney"
Eppendorf-micropipettes 
A centrifuge with 100 ml tubes
A 3" x 3" Nal well-type crystal mounted in an automatic sample-changer 
and connected to a 400 channel-analyzer.
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3.2.1. Samples

1) Up to 50 mg is packed in a quartz vial which is sealed off and
13 -2 -1irradiated for 24 hours at a thermal neutron flux of 10 cm sec 

It is allowed to cool for one or two days.

2) The quartz vials are cooled by immersion in liquid nitrogen, put 
into a plastic "pocket" and broken. Sample and quartz are trans
ferred into a 1 0 0  ml beaker.

3) Five ml. conc. H^SO^ are added. Then 10 A of the carrier solution 
(see section 3.2.2.) is pipetted to the solution. The sample is 
destructed by heating on an open flame. After the effervescence 
has subsided, conc. HNO^ is added dropwise until the solution 
becomes clear.

4) The solution is evaporated to dryness.If the residue is black, 
the destruction step should be repeated. The residue is dissolved 
in = 15 ml 8 N HCl. Enough ^ 0 2  is added to make the concentration 
in the solution 0.2 %. Two ml of the carrier solution are added.

5) Four to five grams of HAP are added and the solution is stirred 
to a slurry. It is allowed to stand for = 15 minutes.

6 ) The HAP is centrifuged off and washed with 10 - 20 ml 8 N HG1 
(0.2 % H2 O2 ). Supernatant and washing liquid are combined in 
a 1 0 0 ml beaker.

7) The solution is led through a 6 x 130 mm Dowex-1 X- 8  (100 - 200 
mesh) column. The velocity of flow is - 1 ml m *. The eluate is 
collected in a 100 ml beaker. The resin is washed with 5 ml
8 N HCl (0.2 % H 2 O2 ) and the eluates are combined.

8 ) Two grams of NH^H2 P0 2  are added to the solution which is then 
heated on a steam bath. The solution turns black and is kept warm 
until the precipitate has coagulated.

9) The metallic arsenic is collected on a weighed filter paper by 
filtration through a radiochemical chimney. It is washed with 10 ml
0.01 N HCl and dried with 10 ml acetone. The filter is dried in a 
stove for one hour at 60° C.

3.2. Procedure
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10) The filter is weighed and transferred into a perspex capsule 
which is placed in a testtube. This is put into the sample 
changer and counted for 30 - 60 minutes.
In the simplified procedure, both resins are simultaneously added 
to the solution (point 5) which is then stirred. After centri
fuging and washing (point 6 ), the arsenic is precipitated. Point 
7 can be omitted.

3.2.2. Carrier solution and standards

1) An amount of - 3 grams of As 2®3 weighed out on a semi-micro 
balance, transferred into a 1 0 0 ml beaker and dissolved in 2 0  ml
2.5 N KOH by gentle heating. The solution is quantitatively trans
ferred into a 1 0 0 ml volumetric flask and made up to the mark.
The solution will now contain = 22 mg As ml *. It is used as the 
carrier solution.

2) A second solution is made by dissolving = 1300 mg As„0 in the
-1same way and diluting to 1000 ml. It contains - 1 mg As ml 

Aliquots of 50 A are pipetted on Al-foils of 30 x 30 mm and 
allowed to dry.

3) The foils are carefully wrapped to cylinders, put into quartz 
vials and irradiated simultaneously with the samples.

4) After a cooling time of one or two days the foils are transferred 
to a 100 ml beaker and dissolved in 10 - 20 ml 2.5 N KOH. The 
solution is put into a 1 0 0 ml volumetric flask and made up to the 
mark. One milliliter is pipetted in a perspex capsule which is put 
into a test-tube and counted.

4. RESULTS

4.1. Standard "kale" powder *)

This material was analysed to check the procedure.
Smith |7| quotes 140 + 20 ng/g for the dried material. Grimanis |8 [ 
gives values between 120 and 160 ng/g. Samsahl |4 | reports 1 1 0 + 3 0  
ng/g. Bowen who issued the standard, finds 127 + 29 ng/g |9[.
Results obtained in this work are given in table I. Both procedures 
have been applied. The average value found for the arsenic concentration 
is 146 + 10 ng/g. The standard deviation is 43 ng/g.
*

) This material was prepared and issued by Bowen in 1966, to provide 
a reliable standard for the intercomparison of various methods.
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The arsenic content of human blood is of the order of IQ ng/g 
|10|. Values found in the analysis of 15 samples varied between 0.1 
20 ng/g. The simplified procedure cannot be applied here.
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4.2. Human blood

TABLE I
Results of the determination of arsenic in standard "kale" powder.

Procedure

With column 
ion-exchange

Mean value: 152 + 13 
Standard deviation: 46

With simplified 
procedure

No. ng/g

1 234
2 189
3 134
4 141
5 185
6 192
7 164
8 172
9 76

10 1 1 0

11 101

12 1 2 2

1 103
2 104
3 158
4 215
5 1 1 0

6 135
7 132

Mean value: 137 + 10 
Standard deviation: 43

All results combined: 
Mean value: 146 + 10 
Standard deviation: 43

and
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