
2013 International Nuclear Atlantic Conference -IN A C  2013 
Recife, PE, Brazil, November 24-29, 2013 
A sso c ia çã o  B ra sile ira  d e  E nerg ia  N u c le a r  - A B E N  
I S B N :  978 - 85 - 99141 - 05-2

NEUTRON ACTIVATION ANALYSIS ON DETERMINATION OF 
ARSENIC IN BIOLOGICAL MATRIXES

Maria Ângela de B. C. Menezes1, Maria Aparecida Silva1

1 Centro de Desenvolvimento da Tecnologia Nuclear/Comissão Nacional de Energia Nuclear, 
Serviço de Reator e Técnicas Analíticas, Laboratório de Ativação Neutrônica 

Caixa Postal 941, CEP 30123-970, Belo Horizonte, MG, Brasil 
menezes@cdtn.br; cida@cdtn.br

ABSTRACT

Aiming at giving support to the Worker’s Health Awareness Program of the Municipal Department of Health of  
Belo Horizonte, an assessment related arsenic was carried out in two galvanising factories by means of hair and 
toenail samples analysis as biomonitors. The arsenic was determined in all matrixes from the factories where 
gold electrodeposition process was applied. This is because arsenic salts are usually added to gold bath to 
improve the metal covering. The high concentration results surprised the health surveillance professionals, and 
alerted for the need o f assessing the influence o f a long-term exposure. Studies concerning galvanising process 
have usually been developed broaching many aspects, but so far few works has pointed out the detection and 
measurement o f other elements like arsenic. The k0-Instrumental Neutron Activation method was applied 
confirming to be a suitable technique on determination of arsenic in biological matrixes.

1. INTRODUCTION

In order to assess the exposure to several elements and consequently the contamination of 
workers hired by the galvanising industry in Belo Horizonte, a project [1 - 4] was developed. 
This project will give analytical support to the Worker’s Health Awareness Program of the 
Secretaria Municipal de Saúde (Municipal Department of Health). The development of this 
project was approved by the Ethics Committee of the Federal University of Minas Gerais, 
COEP-UFMG.

This paper focuses on the arsenic determination in the galvanisings studied. This project was 
the first action in order to assess the elemental concentration level in this kind of industry 
determining several elements not considered essential for human being such as arsenic. 
Studies concerning this galvanising industrial process [5, 6] have usually been developed 
broaching many aspects including chromium [7, 8] contamination consequences, but so far 
none has pointed out the detection and measurement of arsenic.

Numerous epidemiological studies have indicated a strong positive association between 
atmospheric levels of this element in copper smelts and the incidence of lung cancer due to 
prolonged and chronic arsenic exposure in industrial workplaces [9], Skin cancer is also 
associated with long-term arsenic exposure by dermal contact and by oral intake. Arsenic in 
most chemical forms is readily absorbed by the human gastrointestinal tract. Once absorbed, 
arsenic undergoes substantial metabolism and the distribution of this element in the body has 
been studied in both humans and animals. The toxic effects of arsenic as described in humans 
vary in accordance with the dose and duration of intake. Under conditions of chronic intake,
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concerning excretion pathways, the highest concentrations are found in hair, nail and skin. 
These all have high sulfhydryl concentrations, suggesting that this property accounts for their 
high affinity for arsenic [9, 10, 13],

Galvanisation [5, 6] is an electroplating process for depositing a coating in a desirable form 
by means of electrolysis, involving the following steps: polishing with abrasives, washing the 
items with acids and sodium hydroxide, and electrodeposition of Cr, Cu, Au, Ni, A or Zn. But 
the workers are continuously dealing with several elements from metal items during the 
polishing stage and with other elements during plating stage. The probability of arsenic 
presence among these elements is possible because during gold coating arsenic or antimony 
salts are usually added aiming at improving gold deposition. Besides, the gold/As bath is 
operated at 50 °C and there is the possibility of arsenic to be volatised [6], Exposure and 
contamination may also occur during the preparation of the items previously coated in gold, 
because the items are polished and the powder is spread in the air.

In order to assess the level of contamination, the biomonitors - scalp hair and toenail 
clippings - were donated both by workers, the Workers’ Group, and by individuals not 
exposed to the galvanising environment, the Comparative Group.

2. EXPERIMENTAL

2.1. Factories Studied

Two galvanisings working with the same procedure, i.e., “decorative chromium” were chosen 
at random downtown according to the statistical planning [1 - 3], Galvanising 1, G l, did not 
plate gold and silver. The biological material samples were donated by 26 volunteer workers, 
the Worker Group. Another group, Comparative Group, was formed by 22 subjects non
exposed to the same workplace environment. By the way, this was the only aspect 
considered. No other aspect such as diet and personal habit was controlled. Because of that, 
this group was named Comparative Group and not Reference Group as it is usually found in 
the literature.

2.2. Sampling Procedures: Biomonitors Hair and Toenail

At first the physicians explained to the workers the aims of the project and how it would be 
performed, according to the sampling strategy [1 - 3], The volunteer workers donated their 
toenail clippings and also hair samples. A professional hairdresser collected the hair samples 
according to IAEA instructions [11], The hair samples were washed following the IAEA 
procedure [11], dried at 40°C and weighed afterwards. The toenail samples were washed 
using the procedure according to the literature [12], After washed the samples were air dried 
and weighed in the irradiation container. The same procedures were applied to the samples 
donated by the non-exposed subjects. Only one sampling was carried out according to the 
sampling strategy.
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2.3. Applying the Neutron Activation Analysis

The elemental concentration in all matrixes was determined applying the ko instrumental 
neutron activation [14,16,17], It consisted of schemes of irradiation and gamma spectrometry 
and calculations. The irradiation was performed in the research nuclear reactor TRIGA 
MARK I IPR-R1 located at the CDTN/CNEN (Nuclear Technology Development 
Centre/Nuclear Energy National Commission), Belo Horizonte, at 100 kW, under average 
thermal neutron flux 6.3 x 1011 neutrons.cin"2.s_l.

The samples were irradiated simultaneously accompanied by neutron flux monitor of 
Al-Au(0.1%), and Human Hair Reference Certified Material, GBW 09101, from the 
Shanghai Institute of Nuclear Research [18],

The neutron activation analysis and gamma spectroscopy comprised three schemes: 5 min, 4 
hours and 20 hours of irradiation time and suitable decay and measurement time to determine 
radionuclides short half-lives, medium half-lives and long-half lives, respectively. Arsenic 
was determined in the second scheme. The gamma spectroscopy was performed in a HPGe 
detector 25% of efficiency, resolution of 1.85 keV for the 1332 keV peak of 60Co.

The quality control was done using the Human Hair Reference Certified Material analysed 
with the samples and replicates of samples, whenever possible.

3. RESULTS AND DISCUSSION

Table 1 presents the elemental concentration determined in hair - Certified Reference 
Material [18] and reported in the literature [14] - and toenail samples -  reported in the 
literature [12,15], For the non-exposed subjects, the Comparative Group, arsenic was not 
detected in both biomonitors. Galvanising G1 also did not present As in the samples.

All G2 workers presented As in their hair samples and the Platers and Polishers presented 
also in toenail samples. Only one Plater and one Polisher presented arsenic both in hair 
sample and toenail samples: this Plater is just the worker in charge of gold plating and this 
Polisher often Plater dealing exactly with gold. It is a very interesting result because it 
suggests the influence of long-term exposure to arsenic during electroplating stage -  Plater -  
and during polishing and electroplating stages -  Polisher.

These results suggest that the possible presence of the element in particulate airborne matter, 
at that time, was not enough for contaminating the workers hired by G l. It also suggested that 
only the workers dealing more continuously with the source of pollution, it means, the 
powder caused by the polishing process were more contaminated, the Polishers from G2.
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Table 1: Arsenic concentration in biomonitors

Biomonitor As (i^g.g1)
Certified Reference 

Material
Hair 

(GBW 0901) 
[18]

Experimental Values Certified Values
ND 0.59 + 0.07

Literature 
(35 individuals) [14] Hair (0 .0067-0 .126) *

Literature 
(128 individuals) [15] Toenail (0 .022 -0 .89 ) *

Comparative Group 
(22 individuals)

Hair and 
Toenail ND

G1
(9 workers)

Hair and 
Toenail ND

G2 
(9 workers)

Biomonitor Trainee Owner Platers 
(3 workers)

n Polishers 
(4 workers)

n

Hair 0.13 0 .11+ 0.02 0.20 + 0.02 1 (0.07 - 0.6) * 4
Toenail ND - 0.20 + 0.01 1 0.25+0.05 1

ND, Not Detected; n, number of individuals that presented the element in theirs samples; *, range of concentration

3. CONCLUSIONS

Between Galvanising 1 and 2, the general assessment of risks pointed out Galvanising 2 as 
the factory that offers more arsenic exposure and contamination risk due to the polishing 
process per se combined with unsuitable distribution of processes inside the workplace. 
However the results of As in biomonitors in Galvanising 2 reflect the worker exposure and 
suggest endogenous contamination, once arsenic was not detected in the non-exposed 
individual samples and it is higher than the values reported in the literature. The result of As 
for hair and toenail of the G2 and Polisher -  the ones with differentiated activities, as 
mentioned before - points out both matrixes suitable biomonitors for arsenic.

The neutron activation analysis -  ko-method -  confirmed its characteristic as a versatile 
technique when applied to different types of matrixes and its suitableness for a large range of 
As concentration.

The results confirmed and reinforced the need of actions in order to minimise the hazardous 
work conditions. This first assessment alerts for the need of assessing the influence of arsenic 
long-term exposure and will support the establishment of guidelines and data basis for the 
next occupational program for this specific workplace.
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