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Occupational Lung Diseases and the
Mining Industry in Mongolia

OYUNTOGOS LKHASUREN, MD, MPH, KEN TAKAHASHI, MD, PHD,

LKHAMSUREN DASH-ONOLT, MD, PHD

Mining production has accounted for around 50% of
the gross industrial product in Mongolia since 1998,
Dust-induced chronic bronchitis and pneumoconiosis
currently account for the largest relative share (67.8%)
of occupational diseases in Mongolia, and cases are
increasing annually. In 1967-2004, medically diag-
nosed cases of occupational diseases in Mongolia num-
bered 7,600, Of these, 5,154 were confirmed cases of
dust-induced chronic bronchitis and pneumoconiosis.
Lung diseases and other miningsector health risks
pose major challenges for Mongolia. Gold and coal
mines, both formal and informal, contribute signifi-
cantly to economic growth, but the prevalence of occu-
pational lung diseases is high and access to health care
is limited. Rapid implementation of an effective
national program of silicosis elimination and pneumo-
coniosis reduction is critical to ensure the health and
safety of workers in this important sector of the Mon-
golian economy. Key words: Mongolia; coal mining; gold
mining; informal sector; pneumoconiosis; dust-
induced chronic bronchitis.

INT J OCCUP ENVIRON HEALTH 2007;13:195-201

ongolia is a large, landlocked country located

between Russia and China in the northern

part of Central Asia. The population of Mon-
golia is approximately 2.6 million, of which there are
some 930,000 employed workers, with 60,000 in the
mining sector and 3,500 working in power plants.'
Mongolia is a developing country and had a per capita
gross domestic product (GDP) of approximately USD
2,056 in 2005.% According to Mongolian government
statistics, mining production has contributed around
50% of the gross industrial product since 1998.* For-
eign investment accounts for approximately 30% of the
total investment in the mining sector. Since 2000, the
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mining sector has been a major driver of economic
growth in Mongolia, accounting for 32.6% of GDP and
65.6% of exports.>’ Mongolia is rich in mineral
resources, including coal, gold, copper, molybdenum,
fluorspar, iron, limestone, zinc, salt, silver, tin, tung-
sten, uranium, and clays. Currently, the largest mining
sectors in terms of number of mines are gold (63.5%),
coal (14%), fluorspar (22%), and copper (0.5%)
(Table 1).

GOLD MINING

Since the Mongolian government implemented the
“Gold Program” in 1992, annual gold extraction has
increased dramatically, hitting a peak of 12.0 tons in
2001. Two types of mining currently exist in Mongolia:
formal (with a government licence to use mining land)
and informal (without a government license). In 2004,
127 formal gold mines employing approximately
20,000 workers were registered.* Informal placer gold
mining operations have grown in recent decades,
although there are no statistics currently available on
their number. It is estimated that 100,000 workers are
currently engaged in informal gold mining, 73% of
whom work in placer mining operations (Figure 1).
Placer mining is an open-pit or open-cast form of
mining by which certain valuable minerals are
extracted from the surface of the earth without tun-
nelling.* Placer gold mining results in many small holes
and wnnels dug in riverbanks.® The number of infor-
mal mines has increased rapidly since 2000 due to
rising urban and rural unemployment/underemploy-
ment, lack of a legal framework, a decline in agricul-
ture, and the loss of livestock during natural disasters.'’

UNICEF estimated that 36.6% of children in Mon-
golia aged 5 to 14 years were working in 2000." Some
of them work in informal coal mining, either in the
mines or scavenging for coal outside as well as in infor-
mal gold mining.* It is estimated that 10-12% of infor-
mal gold miners are children between the ages of 12
and 16 years.*'? During the school summer vacation

*Most mines in Nalaikh were closed almost a decade ago, but
since many of the openings still exist coal mining continues. For a
discussion of the conditions children face working in the sector, see
the Mongolian Women's Federation Study, commissioned by ILO-
IPEC in 2000, as cited in references 22 and 23,
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TABLE 1 Output of Mining Products and Number of Mining Indusiries in Mongolia, 2004

Production Number in Percentage
Volume in Ucensed of Mining
Metric Tons Mining Indusiries Industries
Gold (chemically pure) 00186 x 10° 127 63.5
Coal 6,800 x 1P 28 14.0
Fluorspar 44 220
Fluor flotation concentrate 104.8 x 10°
Fuor metallurgic concentrate 206 x 10°
Copper L i 05
Copper in concentrate 130 x 10°
Cathode copper 237 x 100
Molybdenum in concentrate 1.4 x 107 ] ki

*The some industry produces copper and molybdenum.

(June-August), this is thought to rise to 35%.%'* Some
children drop out of school after their primary years to
stay with working parents who have migrated from
other provinces, or to engage in full-ime work. Child
miners in Mongolia are not formally registered with the
relevant local administradon and thus do not have
access to health care and education.

In 1999, the government developed a list of haz-
ardous employment activities prohibited for minors,}
Article 16 of the Constitution of Mongolia prohibits
forced labor.'® The Labor Inspection Department
under the State Professional Inspection Agency, which
is responsible for enforcing child labor, now collects
data on children engaged in hazardous work. However,
there are only a small number of inspectors, and labor
inspectors rarely inspect medium-sized and small enter-
prises and mines."

Informal gold miners, including children, are
exposed to mercury through amalgamation, burning,
and storage at home. In 2003, the Public Health Insti-
tute of Mongolia evaluated the health status of children
exposed to mercury in informal mines and concluded
that 24.2% of these children showed signs of chronic
mercury intoxication, indicated by respiratory prob-
lems, tremor, and depression.'? Other health risks
faced by informal gold miners, both children and
adults, include unsafe working conditions and silica
dust exposure. Most informal mines are simple hand-
dug holes (1 m X 2 m) (Figure 2). The collected soil is
carried to a nearby river for washing (Figures 1 and 2)
and is later extracted with mercury. Workers are thus
exposed to mercury vapor. Additionally, in the fall
(September-November) and spring (March-May),
most of these rivers are frozen and thus present the

+Prahibitad

tF types of employ include underground work,
mining, exploration and mapping, mineral processing, and energy,
ceramic, and glass production. See list of Prohibited Jobs for
Minors/people.No.A/204, (August 13, 1999).

additional risks of frostbite and/or hypothermia
during processing. Currently, there are no data on the
prevalence of occupational lung diseases in the infor-
mal gold mining sector, nor are work-related illnesses
or industrial accidents officially reported to local or
health authorities.

A survey of smallscale mining in Mongolia was
financed by Danish trust funds and carried out by a con-
sultant from the Geological Survey of Denmark and
Greenland (GEUS) in 2004. The survey identified a lack
of knowledge of recycling and safe mercury handling
practices, as well as a lack of knowledge of how to diag-
nose mercury poisoning among local medical doctors.
In the scale of the survey, one training course was held
in the Bornuur informal and formal mining areas of
Mongolia. This course was highly successful, and several
mercuryrecycling devices (retorts) were given to the
participants.'® There is pending legislation in Mongolia
dealing with small-scale mining. There are currently sev-
eral versions of a draft mining law in circulation.?

Figure 1—informal goid miners in quest of gold washing
soil in a puddie near a frozen river, December 2004.
Zoamar, Selenge Province, Mongolia

+ Lkhasuren et al.
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Occupational health and safety risks at some of the
formal mines may be fewer than at the informal mines.
Some large gold mines use automated excavating
machinery, while some medium- and small-scale formal
mines utilize bulldozers, excavators, and watergun
methods for gold refining. Formal gold mines are
required to implement occupational health and safety
measures, including conducting annual worker health
examinations, retaining a fulltime occupational safety
officer or hygienist, and providing personal protective
equipment (PPE) that conforms to occupational safety
and health standards.

COAL MINING SECTOR

In 2004, 82 coal deposits were identified in Mongolia,
with mining operations at 28 of them.* Coal is the
oldest mining sector in the country, with the first coal
mine (*Nalaikh™) established in 1924." This state-
owned mine produced 800,000 metric tons of coal

Fgure 2—Hand-dug hole in an informal gold mining area, November 2006, Uvurkhangal Province, Mongolia.

annually during the 1980s, but was closed in 1992
because of outdated technology and poor working con-
ditions.® Despite the closure, a number of small-scale
and informal mines are currently operating at the
Nalaikh site (Figures 3-9),

Most Mongolia-mined coal is used in central and
local electric power plants and in household stoves for
heating and cooking. Coal is the principal fuel in
cities.'® In the capital city of Ulaanbaatar, there were
three central power plants and more than 250 local
electric power plants (coal-burning chimneys) operat-
ing in 2005, In the same year, 5 million tons of coal
were burned in the power stations, 400,000 tons in the
chimneys, and 200,000 tons in the 80,000 gers (wradi-
tional nomadic homes) located in Ulaanbaatar.'®

There are three types of coal mines in Mongolia:
company-owned mines (Figure 3), formal (licensed)
uclf{mploycd mines (Figure 4), and informal (unli-
censed or illegal) mines (Figure 5). Approximately
10,000 workers were engaged in company-owned coal

Figure 3—Small-scale company-owned coal mine, De-
cember, 2004, Nalalkh district, Ulaanbaatar, Mongolia.

Figure 4—Formal, self-employed coal mine, December
2004), Nalaikh district, Ulaanbaatar, Mongolia.

VOL 13/NO 2, APR/MAY 2007 » www joeh.com
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TABLE 2 Dust-induced Occupational Diseases in Mongolia, 1968-2004

1968-1979 1980s 1990s 2000-04 Total

Pneumoconiosis 636 204 72 8 920
Slicosis 286 112 38 5 441
Welder's pneumoconiosis 9 1 2 1 23
Anthraco-silicosis 330 76 30 2 438
Other types* 11 5 2 0 18
Dust-induced chronic bronchitis 210 952 2.090 982 4234
Total 846 1.1586 2,162 990 5.154

*Mostty pneumoconiosis caused by organic dust.

mines, and 2,000 in informal coal mines, in 2004.%"7
Lkhasuren and Takahashi (2004) have observed that
some company-owned coal mines have implemented
modest occupational safety and health precautionary
measures, such as providing wooden ceilings and pil-
lars to prevent collapse, local exhaust ducts, electricity-
powered trolleys, and lighting. However, the use of PPE
is limited, with few workers wearing helmets and none
wearing respirators. Self-employed formal and illegal
informal mines employ few or no physical barriers to
collapse. Since these mines lack electricity, workers typ-
ically use bulldozers to pull up trolleys. Further, infor-
mal mines typically have only enough space 1o work in
a crawling or squatting position. Typically, PPE (hel-
mels or respirators) is not used in informal mines.

OCCUPATIONAL LUNG DISEASES

Until the 1990s, most Mongolian industries (including
the mining industry) were owned by the State, and
occupational health and safety measures were the
responsibility of the Mongolian Trade Union. The
Trade Union was founded by the government and is
financed by membership tax. Since 1990, occupational
health and safety have been the responsibility of the

Figure 5. Informal coal mine, December 2004, Naiaikh
district, Ulaanbaatar, Mongolia.

Ministry of Labor and Social Welfare. As the number of
privately-owned companies grew in the 1990s,'® the
labor law stated that the company owners have respon-
sibility for financing and implementing occupational
health and safety measures for their workers.'”

The Center for Occupational Disease (COD) was
established within the Department of Social Insurance
of the Ministry of Labor and Social Welfare in 1967. At
that time, silicosis was the only officially recognized
occupational lung disease. Since then, the COD has
been the center of the country's efforts in the identifi-
cation, notification, and treatment of occupational dis-
eases, and has organized pre-employment and periodic
health examinations of employees nationwide. To date,
COD physicians have focused their efforts on annual
visits to the large formal mines (i.e., those with more
than 500 workers) to conduct periodic occupational
health examinations.

The COD estimates that the cumulative number of
cases of occupational diseases during 1967-2004 was
7,600,2'% Of these, 5,154 (67.8%) were diagnosed as
dustinduced chronic bronchitis and pneumoconiosis,
and their incidences continue to increase (Table 2).
During the COD's 2003 annual health examinations,
521 new occupational cases were registered, of which

Figure é—inside a small-scale coal mine, December
2005. Nalaikh district, Ulaanbaatar, Mongolia.

* Lkhasuren ef ol.
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Figure 7—Shaft of a formal, self-employed coal
mine. December 2004, Nalalkh district, Ulaanbaatar,
Mongolia.

251 were dust-related occupational diseases, including
dust-induced chronic bronchitis and pneumoconiosis.
Of the nearly 1,000 cases of pneumoconiosis in Mon-
golia in 2004, most were anthraco-silicosis (47.6%) and
silicosis (47.9%). The diagnosis of these occupational
lung diseases in Mongolia depends on evidence of
occupational history, radiographic findings, and results
of pulmonary function tests. The radiographic diag-
nostic criteria for pneumoconiosis and dust-induced
chronic bronchitis® were based on the Russian system,
vis<a-vis International Classification of Radiographs of
Pneumoconiosis by the International Labor Organiza-
tion (ILO), and since 2002 the COD has used standard
ILO films. However, the quality of chest x-rays is sdll
poor. Most patients with pneumoconiosis are treated by
rehabilitation, palliative care, and symptomatic treat-
ment in the outpatient deparuments of their home
provinces and industries.

Since 2000, 82% of the diagnosed cases of occupa-
tional lung disease in Mongolia have come from coal
mines and power plants; a further 11% came from con-
struction and industries producing construction mate-
rials, 3% from manufacturing, 0.7% from social serv-
ices, and 0.8% from agriculture.?’ Moreover, it is likely
that many cases go unreported, especially in the small-
scale, informal mining sector not included in the offi-
cial reporting system.

In 2004, the School of Public Health of the Health
Sciences University of Mongolia initiated activities as
part of the program on global elimination of silicosis.®
The National Program on Silicosis Elimination and
Pneumoconiosis Reduction is currently under develop-
ment. In the framework of the national and global pro-
grams, there is a need to improve the COD's capacity to
provide confirmatory diagnoses of pneumoconiosis
and dustrelated diseases. In particular, training is
needed to improve the quality of chest x-ray films, the

- oo

Figure 8—informal miners pulling out loaded coal with
a fractor. December 2005, Nalaikh district, Ulaan-
baatar, Mongolia.

reading of films, and statistical and epidemiologic data
analysis. The COD adopted ILO standard films for
diagnosis and a revised classification of occupational
diseases in Mongolia in 2004.%

A national database on pneumoconiosis and dust-
related discases and dust measurements is needed so
that effective interventions can be designed and imple-
mented. Such a database would facilitate prioritization
of industry sectors, job types, and levels of dust exposure,
in addition to providing baseline data for evaluating the
adequacy of control measures. Within the National Pro-
gram on Silicosis Eliminaton and Pneumoconiosis
Reduction framework, morbidity and mortality data
related to pneumoconiosis (silicosis, coalworker's pneu-
moconiosis, asbestosis, etc.), as well as other dust-related
disorders, including cancers (lung cancer and mesothe-
lioma), will be collected at all levels (factory, provincial
“aimag,” and national). Acknowledgement of successful
models through official awards or certifications could

facilitate recognition of the program.

Figure 9—Loading coal for commercial use, December
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TABLE 3 Total Dust Concentrations in Coal and Gold Mines and Power Plants in Mongolia

Geometric Mean Concentration (mg/m")*

1980s 1990s 2000 2001 2002 2003

Coal mines

Company-owned 68.3 548 602 442 424 34.6

Formal but self-employed 75.8 0.8 57.2 49.9 453 425

Informal na.t na. —+ 40.3 48.7 442
Gold mines na. — — 15.7 10.9 10.6
Power plants

Il Couilt 1924) 102.0 93.4 89.3 80.4 520 344

i (built 1968) 75.2 523 55.1 40.2 253 221

IV (built 1978) 723 56.1 53.7 41.3 218 222

MALs:

Coal dust (silica content 10% or less) &6-10 mg/m?

Gold mine dust (sica content 10% or less) 10 mg/m?®

Total dust (siica content 10-70%) 2 mg/m?

Total dust (slica content more that 70%) 1 mg/m?

*135 sampies collected from the mines and

power piants.
tihot applicable because informal coal mines did not exist at that time.

#No data available.

DUST MEASUREMENTS

Airborne total dust, respirable dust, and silica dust con-
centrations are critical indicators of the safety of the
work environment in Mongolian mining industries.
Mongolian governmental inspectors and researchers of
the School of Public Health took samples from 15 coal
mines and three power plants and analyzed these for
total dust concentration in 2001-2003. Table 3 com-
pares these recent measurements with total dust con-
centrations during 1980s and 1990s computed using
data from the Report of Occupational Health and
Safety, the State Professional Inspection Agency.® Geo-
metric mean total dust concentrations ranged from
68.3 10 102.0 mg/m* in the 1980s and from 54.8 to 93.2
mg/m? in the 1990s in 1385 samples.?-* Table 3 shows
that total dust concentrations were highest (102
mg/m® in coal mines and power plants during the
1980s and 1990s. Although dust concentrations in the
2001-2003 samples still exceeded the Mongolian maxi-
mum allowable limits (MALs), it is likely that the
decline in total dust levels in recent years reflects
improvements in technology and exposure control.

Analytical methods for measuring respirable dust
and silica dust, as well as occupational dust standards,
were published in Mongolia in 2004.% However,
enforcement of these standards has been limited
because of a shortage of resources for sampling and
laboratory equipment. A single published study
reported measured silica contents in coal mine dust in
2004.** In this study, the silica in coal mine dust was
15.3-17.5 mg/m® and that in respirable dust was
7.1mg/m* *

Air-monitoring data conducted by provincial
(aimag) or industrial hygienists are collected by the

Department of Professional Inspection Agency at the
provincial level and by the State Professional Inspec-
tion Agency at the national level. At present, there isa
need to better coordinate data sharing among the
responsible agencies, as well as to ensure the dissemi-
nation of results to consumers and decision makers.

CONCLUSION

Occupational lung diseases and other mining-=sector
health risks pose major challenges for Mongolia. On
the one hand, the growing number of gold and coal
mines, both formal and informal, contributes signifi-
cantly to economic growth and development. On the
other hand, occupational health and safety problems
continue to plague the mining industries. The preva-
lence of occupational lung diseases remains high, and
access to health care, especially for workers in informal
mines, is limited. Rapid implementation of an effective
National Silicosis Elimination and Pneumoconiosis
Reduction Program is critical to ensure the health and
safety of workers in this important sector of the Mon-
golian economy.
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Munkhtuul, senior inspector for occupational hygiene of the Depart-
ment of Labor at the State Professional Inspection Agency, Mongo-
lia, S. Tuya, Inspecior for occupational hygiene at the Professional
Inspection Agency of Ulaanbaatar city, and Dr. Munkhchuluun, con-
sultant doctor of the Center for Occupational Disease in Mongolia,
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Mortality of Iron-Steel Workers in Anshan, China:

A Retrospective Cohort Study
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Foundry workers have increased mortality and morbidity
risks from numerous causes, including various cancers, A
retrospective Chinese iron-steel cohort study was con-
ducted to examine the mortality effects of exposure to
foundry work. Standardized mortality ratios (SMRs) and
standardized rate ratios (SRRs) were calculated to evalu-
ate mortality risks among male workers with exposure to
15 hazardous factors, adjusting for confounders. During
14 years of follow-up, 13,363 of 121,846 male workers
died. SMR analysis showed a healthy-worker effect in
comparison with the general population. SRR analysis
showed increased risks for all causes, all neoplasms, and
others among the exposed workers compared with non-
exposed bluecollar workers. Combined exposure o
polycyclic aromatic hydrocarbons and two or more dusts
increased the risks of lung cancer (SRR = 654; 95% CI:
113-3,780) and other malignancies. Foundry work has
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INT J OCCUP ENVIRON HEALTH 2006:12:193-202

Received from the Department of Environmental Epidemiology,
Insutute of Industrial Ecological Sciences, University of Occupartional
and Environmental Health, Kitakyushu, Japan (THo, CT, THa, KT);
Branch of Environmental Epidemiology, Liaoning Province Center
for Disease Control and Prevention, Shenyang, Lianing, P. R. China
(GP, YF, LY): Public Health and Anti-epidemic Station, Anshan lron
and Steel Group Corporation, Anshan, Lianing. P. R. China (TL, LL):
and Epidemiology and Prevention Division, Research Center for
Cancer Prevention and Screening, National Cancer Center, Tokyo,
Japan (THa). Presented at the 14th Korea-Japan—China Joint Con-
ference on Occupational Health, Pusan, Korea, May 2002; the 27th
International Congress on Occupational Health, Iguassu Falls, Brazil,
February 2008; the 15th Japan-China-Korea Joint Conference on
Occupational Health, Kitakyushu, Japan, May 2004; the 16th
China-Korea—Japan Joint Conference on Occupational Health,
Dalian, China, May 2005. Supported by UOEH Rescarch Grant for
Promotion of Occupational Health and by the Ministry of Health,
Labor and Welfare of Japan (Number: 16406025).

Address correspondence and reprint requests to: Tsutomu
Hoshuyama, Department of Environmental Epidemiology, HES,
UOEH, 1-1 Iseigaoka, Yahatanishi, Kitakyushu 8078555, Japan; tele-
phone: +81-93-691-7401; fax: +81-93-601-7524; e-mail: <hoshuyamé@®
med.uoeh-u.ac.jp>.

pidemiologic studies of iron—steel workers in var-

ious countries have shown a range of adverse

health effects, such as respiratory cancer, non-
malignant diseases, and cardiovascular diseases.!”’
According to the monograph by the International
Agency for Research on Cancer (IARC), occupational
exposure to iron-steel founding was upgraded in 1987
to “sufficiently carcinogenic to humans (Group 1)
from “probably carcinogenic (Group 2A).™

Of the numerous iron-steel plants in China, the
Anshan Iron and Steel Company (“Angang”) is one of
the largest. It is capable of annually turning out 10 mil-
lion tons of pig iron, 10 million tons of steel, and 9.5
million tons of rolled steel products.” Previous epi-
demiologic studies conducted at Angang showed
excess risks of accidents, total cancers, lung cancer,
stomach cancer, and colon cancer.'” Dose-response
relationships were shown between exposures to dust
and benzo(a)pyrene and mortality of lung cancer,
stomach cancer, and esophageal cancer.!* Thus, such
adverse health effects among the workers in Angang
needed to be investigated by an epidemiologic study,
ideally a cohort study.

This study evaluated the morality risk of male work-
ers using standardized mortality ratios (SMRs) and
standardized rate ravos (SRRs), adjusting for con-
founding factors.

MATERIALS AND METHODS
Setting

Angang is located in the city of Anshan in northeastern
China. The company covers a land area of 176 km?,
including 129.19 km? for industrial use, and still has
130,960 active workers and staff members.?

Definition of Cohort

Of the workers who had entered Angang before Janu-
ary 1, 1980, those who were alive, regardless of whether

]



TABLE 1 Vital Status among Chinese Iron-Steel Workers
(1980-1993, Males Only)*

No. (%)

Total 121,846 (100)
108,483 (89.0)

Active employees 67993 (55.8)
Retired 40,054 (32.9)
Left 436 (0.4
Deceased 13.363 (11.0)
Before retirement 3.145 (2.6)t
After retirement 10.218 (8.4)¢

*Vital status of the workers as of December 31, 1993.

tAll but one worker wha left the company in 1982 and died in
1988 were actively employed when they died.

1Of these. 5,074 had retired before January 1, 1980.

they were currently 31:(‘1\'61}' cmploycd or not, on Janu-
ary 1, 1980, with at least six months of employment
were included in the cohort. The follow-up period was
from January 1, 1980, to December 31, 1993, and was
stopped when a member died or left the company. A
computerized personnel data file was established in
1993 by Angang for all the employees for personnel
and salary management For active employees, infor-
mation regarding date of hire, current factory, current
workshop/department, current job, and time spent at
current job was collected. For inactive employees,
retirement date and the longest job title of his/her
experiences were recorded. For all employees who had
left the company during 1980-1993, retirement date
and information about the longest held job were
obtained from the personnel department.

Definition of Reference Group

The ambient pollution levels of total suspended parti-
cles (TSP) in Angang and in the residential area of
Anshan in 1991 were 0.68 and 0.32, respectively, i.e., 4.5
and 2.1 times higher than the national standard of 0.15
mg/m*."

Since the situation with a high level of background
air pollution may mask the effect of occupational expo-
sure, we designated the general population of Anshan
as the external reference group.

We also chose the nonexposed blue-collar workers
in Angang as the internal reference group. That was
because varions substances ubiquitously existed in the
work environment in Angang, so that the nonexposed
blue-collar workers were more comparable to the
exposed blue-collar workers than to the whitecollar
workers,

Confirmation of Vital Status
All deaths during 1980-1993 were collected from the

death registry of the company, which was established in
1980. The causes of death listed on individual death

certificates were reported by the five hospitals atached
to the company, where medical services were provided
to all employees almost free of charge. The municipal
death registry, established in Anshan City in 1972, col-
lected information on death certificates received from
medical practitioners. All causes of death were classi-
fied according to the ninth revision of the Interna-
tional Classification of Diseases (ICD-9) in both reg-
istries by medical doctors responsible. When the causes
of death recorded in the two registries differed, the
cause of death was verified by consulting the municipal
registry and the company registry to confirm accuracy.

Exposure Assessment and Procedure of Job Exposure
Matrix Establishment

A workshop, job title, and exposure matrix method (job
exposure matrix, JEM) was used for occupational expo-
sure assessment. The subjects in the cohort worked in a
total of 836 workshops of about 90 factories or facilities
at Angang. Up to 1,583 job titles were identified accord-
ing to the coding manual of the personnel data file
issued by industrial hygienists.'* Occupational expo-
sures to 15 agents were determined: silica dust, iron
dust, cement dust, welding dust, asbestos, coal dust,
wood dust, grinding dust, other dusts, high temperature
(heat), carbon monoxide (CO), polycyclic aromatic
hydrocarbons (PAHs), oil mist, acid mist, and benzene.

Exposure to each of these 15 factors was evaluated as
a dichotomous variable (yes or no) by linking the JEM
with only one job for each worker: the longest job title
was used for the retired, the deceased, and the employ-
ces who had left the company, and the current job title
was used for the active employees.

Statistical Analyses

First, SMRs and the corresponding 95% confidence
intervals (Cls)'" were calculated for the total cohort,
Person-years at risk were accumulated for the cohort in
the follow-up period. Expected numbers of deaths were
calculated by multiplying the person-years with gender-,
age-, calendaryear-, and cause-specific death rates of
the general population of Anshan City, 1980-1993.
SMRs were also calculated by job types and exposure
status, i.e., white-collar, nonexposed blue-collar, and
exposed blue-collar, to adjust for the healthy-worker
effect (HWE).'"®'" A test for linear trend of SMR was
conducted to evaluate dose-response relationships.'”
Although some white-collar workers (n = 2,260, 7% of
males followed up) were secondarily exposed to some
factors, they were analyzed as nonexposed whitecollar
workers.

Second, SRRs and the corresponding 95% CIs'®
were calculated by exposure status for the 15 factors
individually with the nonexposed blue-collar workers as
the internal reference group. When SRRs were calcu-

* Hoshuyama et al.
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TABLE 3 SRRs for Mortality of Diseases by Exposure Factors among Chinese lron-Steel Workers (Male, 1980-1993)

Silica Exposure Iron Exposure Weiding
(n=9542) (n=21,175) (n=2818)
SRR SRR
Cause of Death (ICD-9) Obs. (95% CI) Obs. (95% CI) Obs. (95% CI)
Infectious (1-139) 3 37 (11-121) 36 162 (130-201) 8 193 (97-379)
Tuberculosis (11-12) 3 55 (23-129) 29 195(137-278) ] 226 (80-629)
Hepatitis (70) 0 — 4 33(0-18278) 0 226 (80-629)
Neoplasms (140-239) 27 36 (28-45) 352 147 (139-155) 68 145 (130-161)
Esophagus (150) 1 27 (1-450) 24 228 (139-155) 3 118 (91-151)
Stomach cancer (151) 7 75 (59-94) 5 183 (132-177) 10 129 (104-159)
Colon, sigmoid, and rectum (153-154) 3 69 (34-138) 15 151 (114-200) 3 69 (34-480)
Liver cancer (155) 6 33 (1861 64 130(120-141) 11 92 (B6-97)
Lung cancer (162) 8 26 (15-43) 133 154 (139-169) 26 169 (131-218)
Blodder (188) 0 —_ 4 103 (97-110) 1 161 (61-1.599)
Brain (191-192) 0 - 6 100 (99-101) 0 —
Leukemia (204-208) 0 — 14 186(112-217) 3 178 (28-1.117)
Cerebrovascular (430-439) 24 36 (28-45) 304 147 (139-155) 52 128 (119-140)
Intracranial (431-432) 11 a3 (22-48) 136  135(127-144) 31 124113137
Cerebral infarction (434) " 32 (21-48) 128 155 (140-171) 19 159 (122-205)
Circulatory systemn (390-429, 440-459) 15 49 (37-64) 145 158 (143-175 20 131 (114-150)
AMIt (410) 4 31 (11=-79) 39 108 (105-111) 12 204 (114-343)
Ischemic heart disease other than
AMI (411-412) 2 37 (7-177) 48 218 (157-301) 3 @5 (86-103)
Respiratory system (460-519) 27 74 (66-82) 145 167 (149-187) 18 115(106-125)
COPDY¥ (491-492) 6 22 (11-44) 97 148 (133-163) 15 122 (107-139)
Pneumoconiosis (502-509) 20 444 (123-1.600) 35 335 (169-661) 2 104 (96-111)
Injuries (800-959) 4 41 (18-91) 61 146 (129-166) 15 150 (117-193)
Others 10 49 (35-69) 115 128 (121-135) 20 112(105-119)
All causes 110 42 (38-47) 1,158 149 (144-154) 201 133 (127-140)
tAcutemyocardial infarction.

tChronic obstructive pulmonary diseases Including chronic bronchitls (ICD-9: 491) and pulmonary emphysema (ICD-9:492),

lated, age on January 1, 1980 (39 or younger, 4049,
50-59, and 60 or older), and period of employment
(1950 or before, 1951-1960, 1961-1970, and 1971 or
later) were adjusted as potential confounders. Further-
more, to investigate the combined effects of simultane-
ous exposures to PAHs and dusts, SRRs for all causes,
all neoplasms, and selected cancers (lung, liver, stom-
ach, and others) were calculated according to exposure
status to PAHs and dusts. Exposure status to dusts was
expressed by status (yes/no) and the numbers of expo-
sures to various dusts, i.e., silica, iron dust, welding
dust, coal dust, cement dust, grinding dust, asbestos,
wood dust, and other dusts. Statistical analyses were
performed with SAS version 8. In this paper, analyses of
mortality risk cover only male workers.

RESULTS

A total of 149,887 workers were iniually identified from
the personnel files, Of them, 3,351 were inactive work-
ers, of whom 526 were followed up with complete infor-
mation. Vital status and complete information were
confirmed for 147,062 subjects, 98.1% of the total
cohort. The remaining 2,825 workers, or 1.9%, had left
the company or had incomplete information. There-

fore, analyses were restricted to 147,062 subjects,
121,846 males and 25,216 females. During the follow-up
period of 1980-1993, 13,363 male workers died (Table
1). The observed person-years are 1,619,005 for males.

Of the male workers, 21,175 (17.4%) were exposed
to iron dust, 20,729 (17.0%) to heat, 9,542 (7.8%) to
silica, and 5,245 (4.3%) to PAHs. Some workers had
exposures to three or more of the factors.

Table 2 shows the SMRs for the male mortality of all
causes, the six main disease categories, i.e., infectious
diseases, neoplasms, cerebrovascular diseases, circula-
tory system diseases, nonmalignant respiratory dis-
cases, and injuries, and selected subcategories of dis-
cases. The most frequent deaths were from
neoplasms, 4,141 (31%), followed by cerebrovascular
diseases, 3,577 (27%). Despite significantly lower
SMRs for all causes, including the six disease cate-
gories, compared with the general population, signif-
icantly higher SMR of 157 (95% CI: 139-175) was
shown for pneumoconiosis.

Table 2 also shows an increasing trend of SMRs for
all causes, all six disease categories, and almost all
selected subcategories by job types and exposure status
with statistical significance, when the comparison was
between exposed and nonexposed workers. For all

= Hoshuyoma et al.
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TABLE 3 (confinued from preceding page)

Coal Exposure Cement Exposure Grinding Asbestos Exposure
(n = 3,536) (n = 3,635) (n = 401) (n = 4,269)
SRR SRR SRR SRR
Obs. (95% CI) Obs. (95% CI) Obs. (95% CIh) Obs. (95% CI)

Q 127 (102-158) 26 198 (135-288) 0 —- 21 164 (123-218)
7 137 (92-202) 20 226 (133-386) 0 — 17 196 (124-309)
1 118 (60-229) 1 50 (0-4,852) 0 3 173 (53-560)
68 99 (98-100) 183 132 (126-140) 3 19 (5-60) 204 140 (132-148)
5 151 (83-271) 19 252 (129-490) 0 — 14 211 (119-374)
1 Q3 (88-97) 19 100 (100-101) 0 — 43 192 (146-252)
2 71 (39-128) 6 72 (51-101) 0 _ 11 163 (106-502)
12 101 (100-101) 36 151 (128-179) 2 42 (7-228) 38 133 (119-149)
21 86 (81-92) 71 146 (131-162) 1 30 (1-669) 79 147 (132-164)
1 74 (27-195) 3 111 (94-131) 0 — 4 166 (59-467)
4 272 (32-2.275) 4 228 (16-3,197) 0 — )| 27 (1-659)
0 — 5 103 (98-107) 0 — 2 37 (3-358)
75 117 (112-122) 203 153 (142-166) 7 40 (25-61) 180 140 (131-149)
37 119 (111-127) 82 142 (129-155) 2 17 (3-80) 92 152 (136-170)
29 112 (106-116) 97 163 (143-185) 5 76 (63-92) 69 128 (119-137)
25 87 (82-92) 63 113 (109-118) 1 9 (0-154) 81 146 (131-163)
10 101 (100-102) 28 131 (116-148) 0 — 42 203 (149-276)
7 87 (76-100) 14 108 (103-113) 1 38 (4-303) 20 137 (113-165)
25 B6 (B81-92) 110 188 (160-222) 2 20 (3-104) 86 155 (137-135)
17 76 (67-86) 67 149 (132-168) 2 27 (5-124) 62 148 (130-167)
1 32 (1-654) 37 553 (180-1.700) 0 — 15 228 (122-426)
12 104 (101-107) 30 149 (124-179) 0 —_— 33 131 (117-148)
22 78 (70-86) 57 124 (116-132) 2 21 (1-228) 69 134 (123-306)
236 100 (99-100) 672 144 (139-150) 15 22 15-33) 674 142 (137-147)

causes, the SMRs (95% CI) were 48 (45-50) in white-
collar workers, 69 (67-72) in nonexposed blue-collar
workers, and 76 (74-78) in exposed blue-collar work-
ers. For all neoplasms, they were 56 (52-60), 78
(73-82), and 82 (78-86), respectively. For pneumoco-
niosis, a clear trend was seen, i.e., 43 (25-65), signifi-
cantly lower than expected, in white-collar workers, 100
(77-125) in nonexposed blue<collar workers, and 252
(220-282), significantly higher than expected, in
exposed blue-collar workers.

Table 3 shows SRRs of the mortality for all causes,
the six main disease categories, and selected disease
subcategories by exposure to the respective hazardous
factors. Compared with the nonexposed blue-collar
workers (internal reference), SRRs for all causes were
significantly higher in those with exposure to iron dust
(SRR = 149; 95% CI: 144-154), welding dust (133;
127-1440)), cement dust (144; 139-150), asbestos (142;
137-147), heat (126; 124—128), PAHs (176; 166—-186),
acid mist (199; 171-232), and benzene (112; 109-115).
Among those with exposures to these factors, the SRRs
for a number of the main disease categories and sub-
categories were also significantly elevated. Those with
exposure to silica showed increased SRR only for

continued on next page

pneumoconiosis, 444 (95% CI: 123-1,600). Among
those with exposures to iron dust, cement dust, and
heat, SRRs exceeded 300 with statistical significance.

In Table 3, the SRRs for several selected sites of
malignant neoplasms are shown. Significantly elevated
SRRs for sites including lung, liver, stomach, and
esophagus were found for exposures to many factors
such as iron dust, cement dust, asbestos, heat, PAHs,
and acid mist,

Since many of the workers had been exposed simul-
taneously to several factors, some factors may have
affected each other to generate additive or synergistic
action. Therefore, to distinguish the effects of single
and multiple exposures, directions of the effecis were
summarized according to exposure factors in Table 4.
For all factors, mortality was increased for all causes of
death and all neoplasms when exposure was multiple.
For PAHs, significant increases of mortality were found
for many of the disease categories irrespective of single
or multiple exposure. For iron dust, welding dust,
ashestos, heat, and benzene, single exposures were asso-
ciated with decreased mortality risks for all neoplasms
and lung cancer, although the multiple exposures to the
factors showed significantly increased mortality risks.
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TABLE 3 (continued from preceding page)

Wood Exposure Heat Exposure CO Exposure
(n=1,892) (n=20,729) (n=5,083)
SRR SRR SRR
Cause of Death (ICD-9) Obs. (95% CI) Obs. (95% CI) Obs. (95% CI)
Infectious (1-139) 9 1140109191 39 107 (104-110) 8 71 (56-90)
Tuberculosis (11-12) 7 187 (106-329) 30 124(112-138) 7 88 (79-98)
Hepatitis (70) 0 — 4 70 (41-118) 1 79 (34-179)
Neoplasms (140-239) 61 72 (66-78) 452 113(111-114) 79 58 (52-65)
Esophagus (150) 3 57 (29-111) 35 189 (139-257) 3 54 (27-104)
Stomach cancer (151) n 57 (41-80) 64 100 (99-100) 7 31 (17-65)
Colon, sigmoid, and rectum (153-154) 1 16 (0-1,108) 22 129 (112-148) 1 11 (0-265)
Liver cancer (155) 9 62 (47-82) 88 116(111-120) 20 81 (75-88)
Lung cancer (162) 26 87 (83-92) 169 115(112-118) 34 65 (57-74)
Bladder (188) 2 257 (20-3.188) 3 50 (22-114) 1 53 (8-335)
Brain (191-192) 1 158 (6-4.088) 9 116 (102-131) 2 74 (46-117)
Leukemia (204-208) 0 — 10 66 (50-87) 4 96 (92-100)
Cerebrovascular (430-439) 63 81 (77-86) 446 124(121-128) 67 56 (50-63)
Intracranial (431-432) 28 79 (73-86) 229 136 (129-144) 31 50 (41-61)
Cerebral infarction (434) 27 B0 (74-86) 174 116 (113-120) 29 64 (56-73)
Circulatory system (390-429, 440-459) 21 72 (63-82) 181 123 (119-128) 31 58 (49-68)
AMIt (410) 8 52 (31-92) 77 132 (121-142) 1 58 (44-76)
Ischemic heart disease other than
AMI (411-412) 3 54 (31-92) 4 117 (110-124) 5 42 (21-82)
Respiratory system (460-519) 20 53 (42-66) 251 167 (153-183) a6 94 (92-96)
COPDf (491-492) 17 54 (42-68) 130 115(111-118) 31 84 (78-89)
Pneumoconiosis (502-509) 2 87 (67-114) Q9 549 (291-1,035) 12 199 (110-356)
Injuries (800-959) 8 77 (63-94) 103 150 (135-167) 10 57 (40-79)
Others 14 42 (28-60) 170 118 (114-122) 31 71 (65-76)
All causes 196 71 (68-75) 1,642 126 (124-128) 272 63 (59-66)

With single exposure to silica, significantly increased
mortality risk was seen only for pneumoconiosis.

Table 5 shows the combined effects of exposures 1o
PAHs and dusts for all causes, all neoplasms, and
selected sites of cancer. Compared with the non-
exposed blue-collar workers as the internal reference,
positive trends of SRRs were found more among those
with exposures 1o PAHs than among those without PAH
exposure for all causes and all neoplasms, The SRRs
were 164, 208, and 654 in the former group, and 85,
226, and 332 in the latter group, according to the num-
bers of dust exposures. For stomach and liver cancers,
such interaction was not clear between workers
exposed 10 PAHs and those not exposed.

DISCUSSION

To our knowledge, this 1980-1993 cohort study
enrolled the largest number (147,062) and observed
the greatest number of person-years (1,967,620)
among iron-sieel foundry cohorts. In a US. steel-
worker cohort, the corresponding numbers were
59,072 and 511,864 during 1953-1961.""*! In a British
steel foundry cohort, they were 10250 and 203,070
from 1946-1965 1o 19787 In a Brazilian steel cohort,

they were 21,816 and 197,499 during 1977-1990.*
Only 1.9% (2,825/149,887) were lost to follow-up, com-
parable with previous studies.""** The exclusion of
2,825 workers is unlikely to have had a large influence
on the study findings.

This study evaluated the mortality risks of iron—steel
foundry workers in relation to various exposure fac-
tors, in contrast to most previous studies, where job
titles and/or job categories were used in the exposure
assessments.* % Our method enabled internal com-
parison of mortality between those with exposure and
those without.

Mortality risks for almost all categories of cause of
death were significantly increased among the exposed
workers compared with the nonexposed bluecollar
workers. SRRs stratified by factors in Table 4 indicated
that, in particular, PAH exposure may strongly and
broadly increase risk irrespective of single or multiple
exposures, and that many dusts (except for cement)
may increase risk weakly in single exposures but more
strongly in multiple exposures. In Table 5, increasing
trends were more apparent for those workers with PAH
exposure than those without it, suggesting that the com-
bined effect of PAH and dust exposure may be present
for malignant neoplasms, especially for lung cancer.

* Hoshuyama et al.
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TABLE 3 (continued from preceding page)

PAH Exposure QOil Mist Exposure Acid Mis! Exposure Benzene Exposure
(n = 5,245) (n=2,955) (n = 866) (n=971)
SRR SRR SRR SRR
Obs. (95% CI) Obs. (95% CI) Obs. (95% ClI) Obs. (95% CI)

14 80 (69-92) 4 97 (92-102) 4 164 (123-218) 2 95 (85-106)
10 109 (101-116) 2 Q2 (72-118) 4 328 (24-4,302) 1 68 (22-207)

1 33(0-18.278) 0 — 0 — 0 —
296 208 (184-235) 56 90 (87-93) 53 236 (167-334) 32 120 (111-130)
17 261 (125-543) 5 198 (72-541) 3 246 (34-1,752) 2 187 (36-959)
45 208 (152-284) 9 109 Q101-117) 1 329 (97-1.113) 10 242 (103-563)
12 231 (106-502) 2 117 (75-179) 2 163 (106-250) 3 287 (16-5,089)
53 179 (143-223) 10 66 (50-86) 13 278 (102-7549) 1 22 (0-1,343)
116 228 (181-285) 21 88 (83-93) 13 167 (110-252) 11 104 (100-108)
3 156 (69-352) 1 148 (7-2.975) 0 —_ 2 406 (1-99.967)

7 230 (75-701) 0 — 2 337 (4-25,380) 0 —
12 198 (109-360) 1 29 (1-630) 4 482 (10-21.981) 0 —
215 174 (157-193) 48 99 (99-100) 35 173 (136-220) 28 113 (107-120)
93 161 (141-182) 18 70 (47-61) 17 164 (120-223) 11 94 (90-98)
100 196 (161-236) 26 137 (118-159) 14 183 (118-283) 15 144 (114-181)
102 191 (160-228) 23 Q7 (96-99) 19 213 (130-348) 10 94 (89-99)
35 170 (134-215) 11 120 (106-136) 8 259 (71-941) 4 121 (B1-179)
33 263 (155-446) 4 60 (34-102) 4 140 (83-234) 4 118 (91-152)
73 141 (127-156) 16 79 (71-88) 11 151 (110-207) 10 95 (91-98)
58 149 (130-169) 13 85 (78-93) 9 159 (106-238) 9 110 (102-118)
7 114 (101-128) 0 _ 0 — o} —_
38 151 (128-178) 11 65 (49-86) 8 192 (86-428) 7 171 (B6-337)
77 140 (127-154) 19 91 (B7-95) 18 194 (123-306) 9 102 (100-103)
815 176 (166-186) 177 @1 (90-93) 148 199 (171-232) 98 112 (109-115)

According to a review of the recent literature, the lung
is a major target organ of PAH carcinogenicity™ Our
study corroborated this, because SRR for lung cancer
with single exposure to PAHs was 159 (95% CI: 115-219).
Regarding other organs, skin and urinary bladder were
reported 10 be target organs.® In this study, the SRRs of
single exposures to PAHs were 1,577 for malignant neo-
plasm of skin (except melanoma) and 333 for urinary
bladder, but neither was statistically significant. Further
follow-up is necessary to evaluate this question.,

The current study involves some limitations in esti-
mating mortality risk. First, only dichotomous exposure
assessment was conducted for the risk estimation, so
detailed evaluations such as determining dose~
response relationships between exposure and disease
mortality could not be performed. The exposure
assessment was performed without consideration of
exposure concentration and using the only-onejob
method as a surrogate measure of lifetime job method,
although length of employment was adjusted. There-
fore, it is possible that misclassification of the exposure
status occurred. Misclassification is most likely to occur
nondifferentially, leading to underestimation of mor-
tality risks. Second, information about smoking and
other lifestyle factors was not available in the study, so

the effect of life style of the workers was not completely
controlled. It is well known that the interactions
between smoking, drinking, and some occupational
factors such as asbestos exposure can significantly
increase the risk for diseases, There is at least a theo-
retical possibility that men in different trades may incur
these risks differentially. For these reasons, interpreta-
tion of the risk estimates should be done cautiously.?
On the other hand, the present study took some
unique measures to overcome disadvantages inherent
in previous studies. The mortality risks from all causes
and main causes were significantly decreased com-
pared with those of the general population, as
expected due to the healthy-worker effect. To avert this
problem, comparison between the workers who had
the same employment process but different exposure
status was recommended.'® Therefore, we first calcu-
lated SMRs by job type and exposure status, and found
positive trends of SMRs, where the healthy-worker
effect could be effectively controlled. Second, we eval-
uated mortality risks using SRR analysis, which enabled
the assessment of exposure—response trends adjusting
for confounding factors, i.e., age and employment
pcri(.'ld.so We believe this approach minimized potential
confounding by the healthy-worker effect.
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Cause of Death (ICD-9)
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97: SRR more than 100. 4: SRR less than 100. —: deceased workers not detected. TWithout any olher exposure. tWith at least one
other exposure. “Statistically significant, p < 0.05.

In conclusion, in a Chinese iron-steel industry plasms in comparison with the general population were
cohort study with a total of 121,846 male subjects, lower than expected, this would have been due to the
13,363 deaths were observed during the 14-year follow- healthy-worker effect. The SRRs for the causes in com-
up period. Although the SMRs for all causes and all neo- parison with the nonexposed blue-collar workers

TABLE 5 SRRs for All Causes and Malignant Neoplasms by Exposure to PAHs and Number of Dust Exposures among
Chinese Iron-Steel Workers (Male, 1980-1993)

Exposed to PAHs
No One Two or More
Reference" Dust Exposure” Dust Exposure Dust Exposures
(n = 39,048) (n=1,067) (n = 3,409) (n=769)
SRR SRR SRR

Cause of Death (ICD-9) Obs. SRR Obs. (95% CI) Obs. (95% CI) Obs. (95% CI)
All causes 44631 100 180 147 (137-158) 514 166 (156-176) 188 480 (302-761)
All neoplasms (140-239) 1,395 100 68 181 (149-219) 186 195 (170-223) &6 541 (209-1,395)
Lp, oral cavity, and

pharynx (140-149) 17 100 3 487 (1->9.999) 4 283(23-3417 2 1,278 (0->9.999)
Esophagus (150) 65 100 2 131 (76-225) 10 222 (104-474) 6 1,162 (0->9.999)
Stomach (151) 225 100 20 326 (127-834) 24 187 (134-261) 7 374 (43-3212)
Colon. sigmoid. and

rectumn (153-154) 60 100 4 282 (29-2.698 B8 231 (96-554) 3 544 (2->9999)
Liver (155) 265 100 9 119 (79-142) 37 186 (139-247) 9 286 (68-1.199)
Pancreas (157) 32 100 2 223(13-3.742 2 126 (78-203) 0 —
Larynx (161) 18 100 1 129 (42-391) & 428 (25-7,249) 3 2827 (0->9.999)
Lung 507 100 21 164 (124-215) 74 208 (162-266) 28 654 (113-3,780)
Bladder (188) 24 100 1 152 (6-3,381) 2 181 (42-772) 0 —
Brain (191-192) 27 100 1 125 (29-530) 5 240 (62-918) 2 768 (0->9.999)
Leukernia (204-208) 51 100 3 207 (42-1,020) 7 172 (96-307) 2 215 (14-3,236)

*Non-exposed blue-collar warkers. Bold-typed charocters indicate statistically significant. *Including silica. iron dust, welding dust,
coal dust, cement dust. grinding dust, asbestos, wood dust. and other dusts
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TABLE 4 (continued from previous page)

Cause of Death (ICD-9) Oil Acid
and Exposure Type Wood Heat co PAH Mist Mist Benzene
All causes
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Pneumoconiosis (502-509)
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tended to increase according to single or multiple expo- References

sure. In partcular, the combined exposures of PAHs

and two or more dusts increased the risks of lung cancer 1
(SRR = 654; 95% CI: 113-3,780) and other malignan-

cies. The results indicate the adverse health effects, 9
including carcinogenic risks, of foundry warking.
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