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L Intoduction:

Zhang and Li (1987) conducted a series of environmental and health studies for the area around
and the population living in the city of JinZhow, which is in the LiaoNing Province of China.
The published summary of the results of these studies reported high levels of environmental

chromium (Cr6+) pollution as well as increased levels of acute disease and cancer.

Specifically, the summary reported that the JinZhou Alloy Plant was the source of the Cré+
pollution and that the residue ore dump site of the plant was the major source. The Cré+
pollution from the ore dump site had traveled along a dried river bed (the Old Nuer River) and
had contaminated the drimking water wells for a number of villages. Zhang and Lj reported that
these villages had higher death rates of cancer of the lung and stomach as well as from all cancer

combined. Also, Zhang and Li reported that’

"In addition, the findings revealed that the closer the dump site the higher the
mortality rate from malignant cancer” (pg 137)

We contacted Dr. Zhang and requested background information on his studies, the results of
which had been summarized in the only published report previously available to us. This report
presents the background information we obtained from Dr. Zhang as well as certain analyses of
those data that he provided to us. Our analyses focused on the reported higher cancer rates in
the areas around the JinZhou Alloy Plant and the reported association of these higher cancer rates

‘with the distance from the plant.

Dr. Zhang provided to us a report on the studies of environmental Cré+ pollution in the JinZhou
area. The original copies of this report in Chinese is attached as is a translations of each. This

report is discussed in Section II.

Dr. Zhang provided to us two written reports on analyses of cancer mortality. One report
addressed the association between cancer incidence and the No.6 Petroleum Plant in ZhongTun,
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a suburb of JinZhou. The other report examined the association between cancer incidence and
potential exposure to Cr6+ from the Alloy Plant. The original copies of these articles in Chinese
are- attached as are translations of each. These two reports are discussed in Section II. The

results of the study of mortality and Cr6+ uses information on the environmental pollution study

discussed m Section 1.

IL Chromium Pollution in the JinZhou Area

IIL Examination of Cancer Mortality of the Residents of the JinZhou Area

0.1 "Study of the Effect of Environmental Pollution in JinZhou Area on Residents Health:
1. Mortality Analysis"

II. 2 "Analysis of Malignant Neoplasm in the Suburb of JinZhou”

In 1970's Dr.Zhang and some other researchers invasﬁgated the chromium contamination in
JinZhou area in P.R.China. They conducted several studies to examine the effect of chromium -

contamination on human health, and arrived on the following conclusions:
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"..... hexavalent chromium contarmination of water , soil and crops might be the key factor of
higher tumor rate. In a rat experiment in 1980, it was confirmed that hexavalent chromium
caused a high deformty rate of bone marrow cell chromosomes. This result proved the causation

relationship between high chromium concentration and human health.”

"In the region located north to TangHez (location of the alloy plant, which was the source of
the chromium contarmination) ........... It 1s necessary to conduct further study to investigate the
reason of the high malignant neoplasm death rate. ”

"More study is needed to investigate the relation between'the environmental pollution and human

health, especially malignant neoplasm.”

The need for further epidemic study of the relationship between the chromium contarnination and
resident's health (especialy neoplasm death) lead us to conduct this data analysis. The purpose
of this study is examining the association of Cr*® exposure with cancer. We consider the
following measures as the outcomes : number of death caused by cancer, number of death caused
by stomach cancer , number of death caused by lung cancer, number of death caused by cancer

other than lung and stomach, total number of death and number of death not caused by cancer.

II. Study design of the mortality studies conducted by Dr.Zhang:

The first step of the mortality study was collecting information of number of death and reason
of death. The overall adjusted cancer death rate of JinZhou area was 66.35/10°, which was below
the average of LiaoNing prox}ince. Among the regions in JinZhou area, only ZhongTun( where
the No.6 Petroleum company was) and Nuer River Region ( where the alloy company was,) had
cancer death rate slightly higher than the average of LiaoNing province. In Dr.Zhang's mortality
studies, he used villages as the study units. His study method is to examine the association
between pollution and cancer by comparing cancer death rate of each village and considering the
geological conditions of those villages as well. If the number of death cause by cancer is
partially attributable to some contarnination, we should see the dose responds pattern, which is
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the higher the concentration of the contamination is, the higher the cancer death rate.

The chromium contamination from alloy plant is a complex contamination with air,water, soil,
and food polluted. Among them, the underground water contamination is the key appearance.
The measure of air pollution is made by the distance from the contamination source with
consideration of the wind direction. The water and soil and food contamination was made by
measure of the chromium concentration in them. Because the contamination procedure is that
underground water was contaminated first then the soil was contaminated by the moving
underground water, and then the crops grown on those fields was contaminated, so the chromium
concentration in water, in soil and 1n foods are highly correlated. The measure of the chromium

concentration of underground water may reflect ihe overail seventy of the contamination.

Dr.Zhang's method was validated by 1ts success in 1dentifying No.6 petroleumn company as the
pollution source of ZhongTun region. He showed a consistent dose response relation of
malignant neoplasm in ZhongTun area. However the lack of a parallel dose responds structure
in Nuer River region leaves the question of whether the higher cancer death rate in Nuer River

area is attributable to the chromium contamination from the alloy plant to further studies.

1. Exposure, Mortality and Population Data:

In our data set, we have chromium concentration in most villages in JinZhou area. Some of them
have more than one measure between 1965-1979. We have total population and death rates
(cancer death rate, hing cancer death rate, stomach cancer death rate, total death rate) for most
of the villages. This data set covers all the data information in Dr.Zhang's former papers.

IV: Difference Between Different Regions:’
There are six regions in JinZhou area. They are ZhongTun region, Nuer River region, Xuejia

region, Guoshu region, North Suburb region and West Suburb region. We model the number of

death caused by cancer in these six regions by Poisson regression model. The improvement from -
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the model supporting six different death rate in those regions (totally individual death rate model
) compared to the model supporting no difference of cancer death rate among those six regions
(totally uniform death rate model) can be measured by goodness of fit. (p-value=0.30, improved
goodness of fit=difference of -2loglikelihood= 6.07). Loglikelithood test shows that the model
supporting two different levels of cancer death rate in those six regions (one death rate is for
GuoShu, Nuer River and ZhongTun;the other one 1s for the West and North suburb and XuelJia)
significantly improves the goodness of fit compared to the totally uniform death rate model (p-
value=0.03, improve goodness of fit =4.75). The improvement of goodness of fit from the totally
individual death rate model to the totally uniform death rate model is 6.07; 78% of themn comes
from the improvement of two group death rate model compared to the uniform death rate model.
The difference on death rate within each group composites the rest 22% of the total improvement
of goodness of fit. At the same time, the improvement of goodness of fit from two group model
to the totally individual model 1s not statistically significant (p=0.86). The conclusion we draw
from this data analysis is that :there are some difference between the death rate among these six
regions, while the difference mainly comes form the difference between the group of higher
rate(Nuer River, ZhongTun, XuelJia) and the group of lower rate (West and North suburb, Guoshu).
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