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Abstract 

This report is :clarification and fb7.h- analysis Of Our previously published mortality study 

regarding an incident of groundwater contamhation with hexavalent chromium in the JinZhou 

am of China.r1) At the beginning of the contarnination episode in 1965, average concentrations 

of hexavalent chromium (Cr4) in the &&ed g;roundwater of w e s  ranged &om 0.004 ppm to 

2.6 ppm To assess tbe potential effect on locat cancer rates of weu water Cr6 exposure for up to 
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7 y m r c ,  W P  cnnciucted B retrospective mortalitv study of approximakly 100,000 residents living in 

selected regom and villages of the SLnZhou suburbs during 1970-1978.m In the five Cr6 

contaminated viilages combined, a sigrdicant excess of overall cancer mortaIity was observed (p = 

0.04), but individual village mortality rates were: h:=rsdy correlated with the amount of Cr4 

contamination in w d  water. Futber andycis r~,.ea!d no dm Statistical increase h cancer 

mortality in the three villages adjacent to the source @ e 0.25) where 57% of the wells exceeded 

the WHO safe drinking water limit of 0 05 ppm C& In contrast, a more wbstamial excess of 

cmwr mortality (p - 0. IO) was found in the two most distant villages that were last to nxeive 

Cr4 corrtaminated groundwBter and that had groundwater concentrations below 0.05 ppm 

These r e d s  do not indicate an asscw5abon of C ~ L I I U ~  mortality with exposure to Cr4 

contaminated groundwater. The observed pattern of cancer mortality might reflect the infIuencc 

s-pe 

of hfestyle or environmental factors not related to Cr? Further follow-up of this cohort is 

recommended to asses8 the possible influence of Cr* and other. risk fmrs on cancer mortality 

Background 

The Tinzhou area of LiaoNing Province is composed of a downtown area and six suburb regions: 

Nuer Rzver Region, ZhongTun Region, GuoShu Region, West Suburb Region, North Suburb 

Region, and XueJia Region (Figura 1). The subufb regions art prirnady agriculnual but are the 

borne of wed industrial plants. JinZhou Alloy Plant and N0.6 Petroleum Plant are the two 

largest plants. J i i o u  Alloy Plant started regular chrodwn production in 1965, at which time a 
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large amount of Cr* containing waste water was discharged.(') The discharged waste water 

contributed to t hc  Cr*contaminatio via B shallow aquifer beneath a dry river s t  the 

beginning of this episd] Chromite ore processing residues from the plant was the main source of 

the Cr* contamination The spent ore residue was stockpded uncovered next to the pIan where 

- 

precipitat_lon caused rapid dissolution and lea~kling of Cr4 to the shallow groundwater m e r  \ 
used for drinking water A long and n m o w  cclolaminated =ea wu formed along the dry river 

bed of the Old Nuer River won after the Alloy Plant began operations in 1965 (Figure 1) The 

contamination source was not hUy controlled until 1982 wben a seepage prevention wall WM 

built around the ore residue dump site;kcwewL;$lerirn wnediation measures included the 

addition of ferrous sulfate to the ore residues, which reduced the Crt6 but also poUuted thc 

aquifer with 

located d o n  f Old Nuer River were exposed tc, GY; Lj uS;lg well water Lhat had been 

contaminated with Cr&. The distribution ofweU water coocentrations of CrC6 investigated 

thoroughly in 1965 is shown for each of the five vllages in Figure 2 

ate5 at concentrations up to several b & e d  p p ~ .  Residents living in the 

Retrospective Mortnlity Studjez 

We conducted a series of retrospective mortal$ studies ofthe apprmjrnately 100,000 residents 

h h g  in the Jinzhou suburb regjons io I 970- 1978." Most residents were h e r s  (~25%)  who 

had Lived in the  T i o u  suburb regions (>95%) for most of their lives. Residences were 

concentrated in agricultural villages, and there was minimal migration within the population We 

exami~ed the death records in the local poIice departments to locate all deaths that occurred in 
this population betwem 1970 to 1978. A standard form was used to abstract the data and to  

record the cauSe of each death. All survey s t a r t x x h c d  training, and a follow-up survey was 

conducted for part of the death records to ensure the quality of the abstracted data. 

adjusted cancer rates were calculated for each of the St: re@ons and fix each of the five villages in 
the contamination pathway. The death rate was cdculated by dividing the observed m&er of 

cancer deaths ia 1970-1978 

Age- 

---p c4 \/+->(LU.L+Q- e7""""""c e+\- S ~ F J  . 
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7 
Groundwater Cr* contarnidon in 1965 Was rncasured at drinldng water wells for each vlllaw in 

the contamination pathway (Table 1, Figure 2) in general, higher levels of the Cr* 
co~amination cx;curred in the villages closer to the pollution sourHose-response relationships 

rl 

were examined using the distance of each village from the source G o g a t e  for exposure. The 

Poisson regession r n o d e l v d a s  u 

cancer depends Linearly on &Lmce from the cootamination so 

distance). Negative values for the slope b hdiu3fe that proximity to the source war associated 

With greater canw death rues. (C,,C1-yiln) 

RwuJh 

The adjusted cancer death rate for the six suburb regions are as follows. Nuer River Region, 68 8 

per 100,000 people per year; for ZhongTun Region, 68 4, for GuoShu Rep04 64 7, for West 

Suburb Region, 54 3, for Xudla Region, 57.5, fix North Suburb Repon, 45 9 The rates for 

three of these regions are comparable to the 1973-1975 rate of 66 1 per 100,000 for LiaoNmg 

province. 

The death rates of total cancer. lung cancer and stomach cancer for each village in the CP' 

Corrtarmna ' tion path are presented in Table 1. Whcn the total cancer rnortatity f ir  dl five villages 

mbined is compared to that of LiaoNing provirice, a statistically sigmficant excess. was observed 
f How er, none of the individual villages showed a statistically significant excess at a 2-;& 

p-value 4tm34w3 .x & Further investigation of the statistid trends was performed by combining 

the three villages that were closest to the contamination source and that had fiqucnt well water 

measurements (Figure 2 )  in excess of the World HeaIth Organization safe drinking water standard 

of 0.05 ppm Cr +6 (WHO. 1989). Thosc three villages showed no G@cant excess of total 
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( p ' D & = *  23 
, while the two more cancer mortality compared to the province rates 

distant villages with well water all below 0 05 ppm had a more substantial increase in total cancer 

mortality @'= 0. IO). 
+=-- 

Cl.I.IT+& s:+. - 
No stat i s t id  comparisons to province mortality rates could be made for 

to the lack of appropriate rate information A 

large proportion of the total cancer rate for these villages and for all of ChinxIn general, 

closer to the contamination source do not have higher cancer rates, while one of the least 

contaminated villages, ShiIitai, had a substantidy higher rate of mortality born stomach w a r r  

(us cancer mortality h w  in the more distant 

villages with CP+ contomination beiow the World Health drganiza5on limit of 0.05 ppm. n e  

dose-response models indicated a nonsign5carlt (p > 0.05). v 7 3 k  pLaitive correlation between 

ancerqpes due 

om$huyjer comprises a 

. .  * CVL-r LAjW 

cancer rates and the distance from the source, contrary to the expected direction of association i f  

CP contamination were associated with figha- cancer rates. 

Disciission 

The CP' contamination followed long and m o w  pathway that started near the J i o u  Alloy 

PIant in the  Nuer R v e r  Region and extended to the West Suburb Region. Exposure to Cp' 

Contamination was highest for the populations closest to the plant and lowest for the populations 

farthest from the plant. The canter death rates for the six villages in the contaminated area wqe 

not correlated with the magnitude of Cf+ contmnkation. Neither stomach cancer nor lung cancer 

indicated a positive association with Cre contanhation The absence of a dose-rcsponse 

relationship between cancer and Cr" clarifies a translation and interpretation of our previous 

p~blication.'~) Although Cr"' contamination cannot be dcd out completely a~ the reason for the 

high cancer death rates in these villages, these results do not d p r t  such a 

relationship. The relatively short latency period (Le.. 13 yeanr, 1965 to 1978) covered in this 

study limits the interpretation of these findings rc?&ardia& cancer and C p  cormmhatio~ although 
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the number of person-years represented is substantial &t 99,000). A mortality study with a 

longer follow-up period is recommended. These results sumest that Mistyle or environmental 

factors not related to the C? contamination nmy be a source ofthe variation in CWRJ rates 

Addjtional Btudies to identfy these fktors are also recommended. 
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Table 1 

Pason-Jzars 

1.4 

0.031 ppm 
(123 wdls) 

12% 

83.6 
(0.32) 

36.7 

13.2 

21179 

1.5 

2.6 Ppm 
(170 wells) 

9SYO 

7 1.9 
03.74) 

28.0 

15.0 

y792 

3.0 

0.18 ppm 
(50 wells) 

I *  
1 

40% 

76.8 
(0 62) 

36 5 

21 4 

9703 

3.5 

0.02 ppm 
(21 wells) 

od/b 

93.0 
(0.12) 

5s 2 

23225 

5.0 

0.004 pprn 
(33 wells) 

096 

91 1 29.8-1 02 0 05 @=o 57) 

27 7 5 2-40 2 0 04 @=o 74) 

(0.26) 

20 8 1 8-17 8 0 I2 ( ~ ~ 0 5 9 )  

14/9,0 
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