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ABSTRACT

The atmosphere pollution in some Chinese cities is becoming more and more serious

with the industrial development in the past decades. The airborne particulate

concentration in Beijing, the Capital of China, far exceeds the allowable level set by

the Chinese government and by the related international organizations. The main

contribution source for the Beijing atmospheric particulate is the Capital Iron and

Steel Company, which constitutes 55% of total air-borne particulate in Beijing. In

the framework of this CRP organized by IAEA, we select this company as a target

workplace. The INAA (instrumental neutron activation analysis), PIXE (proton

induced X-ray emission analysis), SRXRF (synchronous radiation X-ray

fluorescence spectrometry) and other related techniques will be applied to determine

the concentrations of some target elements, e.g. heavy metal and toxic elements, in
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environmental samples (including airborne paniculate, soil and plants) and human

samples (including head hair, urine and blood)collected from this company, its

surrounding region and a non-polluted region as a control. The activity completed at

the first year and the working plan for next year is outlined in this report. Other

related information will be dealt with as well.

1. INTRODUCTION

The Capital Iron and Steel Company is one of the biggest industrial companies in
Beijing, China. The environmental pollution (especially heavy metal and toxic element
pollutants) is very serious in workplace and surrounding regions[1,2]. More than 55%
atmospheric particles in the Beijing city come from this company. There are more than
100,000 people working in this company and over 500,000 people living in its
surrounding region. Thus, the investigation of trace element level, especially of heavy
metal and toxic element level, in the environmental materials in the workplace,
surrounding region and human tissues of workers and local residents is highly needed
for the evaluation of environmental pollution level in workplace and surrounding
regions and its impact on occupational health status.

The concentration of airborne particulate matter in atmosphere and the contents of
heavy metal and toxic elements in it can directly reflect the environmental pollution
level. In addition, some plants can also be used as bioindicator to monitor environmental
pollution level [3]. The contents of pollutants in hair, nail, urine and blood can indicate
the level and absorption status of pollutants in human body. Due to its simplicity of
sampling, preparation and analysis, human hair is usually used for monitoring long-term
environmental exposure to pollutant as well as for evaluating poisoning caused by
heavy metals [4], because elements are absorbed by hair and retained over a period of
time they remain in the head, while blood and urine for transient environmental
exposure to pollutant. In this work, airborne particulate matter, plants, soil, human hair,
blood and urine are selected to study the environmental pollution level and occupational
health in the Capital Iron and Steel Company, Beijing, China.

2. RESEARCH PROJECT

The intended project bears on the environmental pollutant monitoring in the Capital
Iron and Steel Company, Beijing, and its effects to occupational health of the workers
exposed to the workplace. The following research contents will be included:
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2.1 Sampling

Environmental samples: airborne particulate matter, plants and soil
Human tissues: hair, urine, blood and organ tissues (if possible)

2.2 Analysis

Analytical methods:

The nuclear analytical techniques, such as neutron activation analysis(NAA),
proton induced X-ray emission (PIXE), synchronous radiation X-ray
fluorescence(SRXRF), scan proton microprobe(SPM) and related techniques are
available for the determination of elements.

Target elements:

Au, As, Br, Cd, Cu, Co, Cr, Fe, Hg, I, In, Mn, Ni, Pb, S, Sb, Sc, Se, V and Zn

2.3 The investigation of effect of environmental pollution of workplace on
occupational health of workers and local human health

Comparing the environmental pollution status with the level of toxic and excessive
essential elements in human tissues in workplace and surrounding region, the effect of
environmental pollutants in workplace to occupational health of workers can be studied.

2.4 Study on the transfer model of toxic elements in environment

Emphasize will be put on the transfer of the volatile and mobile elements from
environment into human body.

3. WORK DONE AND BEING DONE AT THE FIRST YEAR

3.1 Selection of appropriate sampling locations for collecting human
tissue samples

The Capital Iron and Steel Company is located in the west of Beijing city (Fig. 1),
more than 100,000 people work there, with over 500,000 people living in its
surrounding region with 5 km radius. The company consists of an ironworks, 3
steelworks and other auxiliary works, in which the ironworks include 4 iron-smelting
furnaces. The environmental pollution in ironworks is the most serious in all works of
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the company. More than 3000 people work in the ironworks, and more than 500 work in
each of iron-smelting furnaces.

In this work, two of 4 iron-smelting furnaces are selected to investigate the
environmental pollution, and 25 workers, all furnacemen, are selected from each iron-
smelting to collect human tissue samples and to investigate their occupational health
status. As a comparison, the same human tissue samples are collected from 50 rear-
service or administrative staffs working in the same works.

As the surrounding region, Institute of High Energy Physics, located no 5 km east
of the company, is selected for collecting air particulate matter, plants and soil samples.
Human tissue samples are also collected from the people working in this institute, who
are scientific researcher or administrative staffs without any direct contact of pollutants.

As the non-polluted region, Xinzhen, located on more than 20 km southeast of the
company is selected. The local residents are selected to collect human tissue samples.

3.2 Collection and preparation of environmental and human tissue samples

The airborne particles are collected at selected sites in Beijing area by using high-
volume air sampler in different seasons. Millipore filter is used to collect airborne
particles, in which the contents of impurity elements are very low. Some plants samples,
such as tree leaves and grass, are collected as biomonitor samples to investigate the
level of environmental pollutants.

According to the recommendation of IAEA for sample collection, about 3 grams of
human hair are collected from the occipital part to enable several analysis. Precleaned
stainless steel scissors and trimmers are used for collection of specimens, and clean
paper bags are used for sample storage. The head hair samples are washed with acetone
and deionized water and air-dried according to the procedure recommended by IAEA
for human hair[5]. Before cleaning, hair is cut into about 3 mm long pieces.

When the human hair samples are collected, 5 ml of blood and 30 ml of urine
samples are collected simultaneously into a clean polyethylene vial (acid-washed and
cleaned with high purity water). The serum is separated from blood in 5 hours after
collection of samples, and stored in -20. The urine is freeze-dried and stored in
refrigerator.

The collection of all human tissue samples has been finished.
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3.3 Validation of analytical methods

Neutron activation analysis (NAA) is a sensitive method for the determination of
many elements. In Beijing, there are 3 reactors available: a heavy-water reactor (HWR)
with the maximum neutron flux of 81013 n cm'2 s"1, a swimming pool reactor (SPR) with
21013 n cm"2 s"1 and a Miniature Neutron Source Reactor (MNSR) with 11012 n cm"2 s"1 .
In MNSR, a pneumatic transfer system can be conveniently applied to determine the
elements with short-lived nuclides, such as V, Ti, In, Mn, Se, Br and I [6] .For other
elements, such as Hg, As, Cr, Zn, Co, Se, Fe, Sb, Sc, Ni, Cd and Au, HWR is more
suitable.

The radiation detection system consists of 5 HpGe detectors with energy resolution
of 1.8 to 2.0 keV at 60Co 1332.5 keV and one planar HpGe detector with good energy
resolution for lower energy gamma ray. The PC-based multichannel analyzer and
automatic sample changer are well equipped.

A two-dimensional scanning unit with size-adjustable slit from 5050 urn to 11 mm
in the Beijing Electron-Positron Collider (BEPC) at IHEP with 2.2-2.8 GeV energy and
150 mA maximum currency intensity is used to study the distribution patterns of trace
elements in two-dimensional space. In addition, the contents of Pb and S can also be
determined using this method, which can not be determined by NAA in low content
samples.

For Pb, S and Ni, proton induced X-ray emission (PIXE) can be applied in a Van de
Graaff accelerator at IHEP[7]. In addition, Ti, V, Cr, Mn, Fe. Co, Cu, Zn, As, Se and Br
are also determined with PIXE, and the analytical results will be compared with those of
NAA.

The validation of NAA has been carried out by analysis of three standard reference
materials, such as NIST-1633a ( coal fly ash), GBW-07601 (human hair) and GBW-
09101 (human hair). The analytical results are listed in Table 1 with the certified values.
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Table 1 Analytical results of 2 standard reference materials by INAA

Element GBW-07601 ng/g GBW-09101 ug/g

this work* certified values this work* certified values

NIST-1633a y-g/g

this work * certified values

As
Br

Cd

Co

Cr

Cu

Fe

Hg
I
In

Mn
Ni

Sb
Sc

Se

V
Zn

0.23±0.07
0.35±0.08

0.069+0.008
0.38±0.06

11.3+1.4

49±7

0.39±0.09

6.8±0.6

0.093±0.009
0.010+0.002

0.57±0.05

203+12

0.28±0.05
0.36

0.11+0.03
0.071±0.012

0.37±0.06

10.6±1.2

54±10

0.36±0.08

6.3±0.8

0.83±0.19

0.095±0.016

0.008±0.001

0.60±0.04

190±9

0.56±0.09
0.58±0.05

0.131±0.010

4.78±0.33

23.412.5

73.8±4.8

2.0810.18
0.87410.017

2.9810.12

0.2410.02

2.80+0.22

0.5910.06

0.06510.006
186+7

0.59+0.07
0.602
0.09510.012

0.135+0.008

4.7710.48

23.0+1.4

72.216.6

2.16+0.21

0.875

2.9410.20

3.17

0.21

2.87

0.5810.05

0.069

18918

14716
2.2+0.3
1.12+0.20
44+3

20317

12016

93701120

3.5010.36
157111

204120

123+12

6.8+0.4

3914

9.7+0.9
29818

237117

145115

1.010.15

46
19616

11813

94501100

0.1610.01

190
12714

7

40

10.310.6

300

220+10

* Average value and standard deviation of 3 determinations

4. PLAN FOR FUTURE WORK

4.1 Collection and preparation of all environmental and human tissue
samples

4.2 Analytical quality assurance

Three methods to guarantee the analytical quality will be used. (1) In-house
working materials; (2) Standard or certified reference materials. Various environmental
and biological reference materials made in USA, IAEA and China are available, e.g.
human hair, blood, serum, freeze-dried urine, soil, air particulate, plants etc. (3) External
intercomparison.

4.3 Optimization of nuclear analysis techniques

The optimal parameters for INAA, PIXE and SRXRF will be selected via a series
of preliminary experiments.
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4.4 Analysis and data evaluation

Next year, we will analyze part of the environmental and human samples collected from
the target area by INAA and PIXE.
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