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ABSTRACT
Various processes in a metal industry may produce gases and fine airborne par-

ticulate matter that hazardous to human health. The present study deals with assessment
of levels and health effects of airborne particulate matter in a metal industry. The objec-
tive is achieved by determination of elemental levels in blood, nail and hair of workers
and airborne particulate matter that are collected from their workplace. The elemental
levels in blood, nail and hair of the workers will be compared to those of control. Their
health condition are examined by medical examination and biochemical analysis of their
blood. The blood was drawn following an overnight fast before breakfast, by means of
I.V. catheter into three polyethylene tubes. The blood samples in the first tubes were sent
to clinical laboratory for biochemical examination. Those in the second and third tubes,
which are considered free from metal contamination by the needle of the catheter, are
used for trace element study. Sera in the polyethylene tubes were separated from eryth-
rocyte by centrifugation, then cooled by liquid nitrogen and freeze dried. Approximately
1 g of toe nail and hair samples were taken respectively from every worker. To eliminate
grease and surface contamination the hair samples were rinse with acetone. Airborne
particulate samples were collected from the workplace using Gent sampler. These sam-
ples are ready for elemental analysis. Results of biochemical analysis and medical exami-
nations of the workers are presented in this report. The correlation among various pa-
rameters will be determined by statistical analysis.

SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT
During the last twenty five years industrialization in Indonesia has strongly sup-

port national economic development, and hence improves the quality of life the Indone-
sian people. The industrial and economic developments, however, are also accompanied
by side effects. Various processes in an industry may produce gases and fine airborne
particulate matters. Emission of these matters to open atmosphere may cause degrada-
tion of environmental quality. Elements in the fine particulate matter may enter human
body through inhalation and direct contact with skin. Those elements will be accumu-
lated in the organs, namely liver, kidneys and brain, manifest in clinical syndromes such
as hypertension, renal failure and neurological symptoms and signs. The elements are ex-
creted through urinary tract as urine. They can also be excreted through hair and nails.
These elements can either have deleterious effects on or considered essential for human
health. Selenium for example, is considered essential, as depletion results in a deficiency
syndrome and repletion reverses the abnormality. It was observed for example serum se-
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lenium level of female acute myocardial infarction is significantly lower than that of nor-
mal person. From this observations, by odd ratio, it was shown that the probability of
getting myocardial infarction for selenium deficient female was five times higher than that
of normal person [1]. Although some elements are considered essential, if present at lev-
els exceeding the limit of safe exposure, they are potentially toxic and therefore hazard-
ous to human health. Microgram amount of selenium in food (40-100 ng/kg of food) is
essential, but at higher levels selenium (greater than 1 mg/kg of food) is toxic [2]. Con-
sequently higher level of a certain elements in human tissue (such as blood, hair and nail)
than the normal level may indicate intoxication that have deleterious effects on human
health.

The present study, the levels and health effects on airborne particulate matter in
the workplace is assessed by elemental quantification of blood, nail and hair of workers
in a metal industry and airborne particulate samples that are collected at the workplace.
The elemental levels in blood, nail and hair of the workers will be compared to those of
control which consist of healthy individuals from different places. Their health condition
are examined by medical examination and biochemical analysis of their blood. The corre-
lation among various parameters will be determined by statistical analysis.

METHODS
Blood, hair and nail samples are collected from 58 workers of a metal industry in

Bandung (about 180 km south east Jakarta). The age of the workers are ranged between
25 - 52 years, and most of them have worked for more than 5 years. They work in sev-
eral sections, namely smelter, electroplating, heat treatment and painting. In this study
they are subject to medical examination, which consist of:
1. Medical history: including family history; symptoms of skin diseases; cardiovascular

disorder: palpitation, chest pain, fainting sensation; lung disorder: shortness of
breath, chronic cough; neurological symptom such as paresthesia, muscle pain, mus-
cle cramp, seizures, twitching or convulsion; gastrointestinal disturbances: nausia,
vomiting; hypertension and infertility. Smoking habit (common or clove cigarettes,
total of cigarettes consumed daily), constituents of daily meals and the use copper or
aluminum equipment for cooking or boiling water, any diseases or abnormalities ob-
served by the individuals during his working period in the section.

2. Physical examination: routine complete check, resting electrocardiograph: 12 lead
ECG.

3. Routine blood check: hematology: hemoglobin; white blood cells; erythrocyte sedi-
mentation rate; packed cell volume; kidney function test: blood urea-N; liver function
tests: serum glutamic oxalo-acetate transaminase (SGOT), serum glutamic pyruvate
transaminase (SGPT); lipid profile: total cholesterol, high density lipoprotein (HDL)
cholesterol, low density lipoprotein (LDL) cholesterol and triglyceride; uric acid.

The preparation of blood sample was performed as follows. The blood was
drawn following an overnight fast before breakfast, by means of I.V. catheter Becton-
Dickenson USA from cubiti vein with a slight pressure to prevent from hemolysis. Three
fractions consist of respectively 10 cm3 blood will freely flow into 3 pre cleaned poly-
ethylene tubes (Sarstedt Germany). The cleaning of the polyethylene tube involving
soaking the tube for 3 days in a 15:10:75 (v:v:v) mixture of 65% Suprapur nitric acid,
96% Suprapur Sulphuric acid and quartz-bidistilled water, followed by rinsing with

- 1 0 1 -



First Research Co-ordination Meeting for tlte Co-ordinated Research Programme on 'Assessment of levels and health-
effects of airborne partlculate matter in mining, metal refining and metal working industries using nuclear and related
analytical techniques', 20-24 October 1997, IAEA Headquarters, Vienna.

quartz-bidistilled water and drying the tubes in clean room (room 100). These tubes are
stored in a polyethylene bag until use [3].

The blood samples in the first tubes were sent to clinical laboratory for biochemi-
cal examination. Those in the second and third tubes, which are considered free from
metal contamination by the needle of the catheter, are used for trace element study. To
minimize contamination by dust paniculate during sample preparation, the following
steps were performed in a clean room (room 100). Sera in the polyethylene tubes were
separated from erythrocyte by centrifugation twice at 3000 rpm for 20 minutes. In this
respect the metal part of the centrifuge is coated with polystyrene. To avoid fractionation
during cooling, sera and erythrocyte fraction were then frozen by dipping in liquid nitro-
gen, and be kept in frozen condition in a freezer at - 40° C. The sera and erythrocyte in
the polyethylene tubes were dried using freeze drying equipment (Christ Loc-1).

Approximately 1 g of toe nail and hair samples were taken respectively from
every worker. The nail was cut using commercially available stainless steel nail cutter.
The hair samples were taken from hair on the back of the head close to the nape. About
2 cm of hair were cut as close to the scalp as possible. To eliminate grease and surface
contamination the hair samples were rinse with acetone [4].

Airborne paniculate samples are collected from halls or buildings where the
workers perform their work. The sample collection were carried out during working
hours (from 9 am to 4 pm). The airborne paniculate matter were deposited on pre-
weighed Nuclepore filters using Gent sampler. Prior to weighing until constant weight
the filter paper was equilibrated in a preconditioned chamber at 25° C, 50% relative hu-
midity. The amount of deposited airborne paniculate on the filter was determined by
weight difference of the filter before and after sample collection.

RESULTS
Fifty eight workers had completed their medical check up, blood test and ECG

tracing. Toe nails and hair were stored in small plastic tube.
On physical examinations it was observed that: 34 workers had no abnormality; 2

hypertension (high blood pressure):! without abnormality in ECG, 1 had left ventricular
hypertrophy & myocardial ischemia); 7 hypotension (low blood pressure) with normal
ECG; 2 hypotension with suspected myocardial ischemia; 1 emphyzema; 1 glaucoma
(high eyeball pressure).

ECG tracing showed that: 4 suspected of myocardial ischemia or cardiomy-
opathia; 5 nonspecific S-T elevation with unknown cause (may be due to previous peri-
carditis or myocarditis) - need further investigation to confirm our assumption; 1 brady-
cardia, 1 atrial fibrillation with normal ventricular response.

Biochemical analysis: of all 58 workers who were examined for biological data
showed that (Table 1): 1 had hemoglobin content more than 18 gr % and 1 with packed
cell volume more than normal (1.7%); red blood cells, kidney function tests and uric acid
levels were normal. Ten had SGOT elevation and 11 with SGPT elevation contribute to
17.3% and 19.1% respectively. Lipid profile: 7 had high total cholesterol level with 3
elevated HDL cholesterol less than normal and 8 LDL cholesterol higher than normal,
represent respectively 12.1%, 5.1% and 14.1%. Six had triglyceride level higher than 200
mg% (10.4%).
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Table 1. Biochemical Data of Workers of a Metal Industry

Hematology:
Hemoglobin
Erythrocytes
Packed Cell Volume
Kidney Function:
Urea-N
Uric Acid
Liver Function:
SGOT
SGPT
Lipid Profile:
Total Cholesterol
HDL Cholesterol
LDL Cholesterol
Triglyceride

Normal Value

13.5 -18.9 gr%
(4 - 5.5) x 106/c ml
40 - 54%

< 30 mg %
< 7 m g %

< 25 IU/I
< 25 IU/I

< 220 mg %
> 35 mg %
< 150 mg %
< 200 mg %

Abnormal

1
0
1

0
0

10
11

7
3
8
6

Percentage (%)

1.7%
0

1.7%

0
0

17.3%
19.1%

12.1%
5.2%
14.3 %
10.4%

Note: Statistical analysis will be performed following the results of elemental analysis.

Up to present we have blood, nail and hair samples from 58 workers of a metal
industry and some airborne particulate samples deposited on Nuclepore filters that are
ready for elemental analysis.

PLANS FOR FUTURE WORK
1. Determination of elemental composition of airborne particulate matter, and enrich-

ment factor of the respective elements in airborne particulate samples.
2. Determination of elemental level in dried sera, erythrocyte, hair and nail samples.
3. Preparation of sera, erythrocyte, hair and nail samples from control and determina-

tion of elemental levels in these samples.
4. Statistical evaluations to obtain possible correlation among the observed data
5. Further study on the possible health impacts of airborne particulate matter in work-

place of an aluminum industry.
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