Report on the investigation of underground water contamination by discharged
chromium contained waste water

JinZhou Antiepidemic Station
JinZhou alloy Plant
In 1964, some water wells were reported turning yellowish in the Nuer River village in JinZhou
suburb.. An investigation revealed that the well water bad been contaminated by chromium

containing waste water discharged from JinZhou Alloy Plant.

In order to understand the contamination process and then find a proper treatment, we monitored

the chromium contamination process in soil, water and the effect on human health. This is a

report of the result of the monitoring over the past ten years.

Section One: Background Information

JinZhou Alloy Plant is located in the western suburb of JinZhou. The primary products are
vanadium alloy and titanic alloy. The plant attempted to produce chromium alloy in 1959. At that
time, the recovery rate of chromium was only 24.5%. This rate increased to 66.3% in 1963 and
remained around 60% in the following ten years. A large amount of chromium coptaining waste
water, waste ore residue and waste gas (The "Three Wastes”") have been discharged in the process
of smelting. Because of the low recovery rate and improper management, a large amount of
chromium has been discharged into the surrounding environment via the route of the Three
Wastes. The total amount of discharged chromium containing compound is estimated to be 930
tons. Large amounts of chromium discharged into environment would impact the surface soil and

underground water.

Section II: Report of Investigation

(1) Underground water contamination:

Within six years after the plant’s first attempt at smelting chromium, underground water in the

Nuer River village was contaminated. Water wells turned yellowish and tasted bitter. Residents
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reported symptoms such as diarrhea, abdominal pain and developed oral ulcers. An investigation
showed that Cr*® concentration in underground water was 0.2-20.00 mg/L. Among 170 drinking
water wells, 96% were contaminated. Nearly all of them exceeded the drinking water Cr**
standard. The highest concentration level was 400 times more than the drinking water standard.

In order to approach the range of contamination, Cr*® concentrations in underground water were
measured in the villages located along the movement of underground water, which are
JinChangBao, YangXing, Shilitai, WenJiaTun. In JinChangBao, 40.6% of 123 water wells have
been contaminated; Cr*® concentration varied between 0.002-0.4 mg/L; 12% of them exceed the
drinking water standard; the highest concentrations were 8 times more than the drinking water
standard. In the Nuer River Railway Station, Cr*® concentrations varied between 0.09 -0.7mg/L.
26.3% of water wells were contaminated and all of them exceeded the drinking water Cr*¢
concentration standard; the highest concentration was 15 times more than the drinking water
standard. In Yangxing, 36 water wells among 66 drink water wells were contaminated; 20
contaminated water wells exceeded the drinking water Cr*® concentration standard; the highest
concentration was 96 times the drinking water standard. Shilitai, Wenjiatun and SandaoHao,
which are Jocated further, had a lower level of contamination. Although some water wells in these
three villages were contaminated, they were all below the drinking water Cr*® concentration
standard. The overall pattern is that Cr'¢ concentration in underground water deceases with the
distance from the source of contamination.
Table 1.
Report on the concentration of Cr*® in 473 water wells (1965)

Concentration of Cr*$

Village # of 0 ~0.05 { ~0.1 ~0.5 ~1.0 | ~5.0 5.0~
water
wells

Control Group 5 5

Nong Zhong 1 i

Guo Lu Chang 6 2 2 2
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Jin Chang Bao 123 73 35 7 8

Nuer River Village | 170 7 I 5 27 17 76 37
Nuer River 19 14 1 3 1

Yang Xing 50 14 16 5 12 2 1

Shilitai 21 2 19

Wei Jia Tun 33 27 6

San Dao Hao 18 5 3

Ba Jia Zi 22 20 2

Nanshan Reservoir | § 2 3

The total contaminated area was 20 Li’, covering five villages. 515 water wells were

contaminated. This contamination affected the drinking water and health of 3000 residents.
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Figure 1 : cprs contamination in 1965,
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In order to understand the process of chromium contamination and’ the movement of the

underground water, seven monitoring cross sections have been set-up in the contaminated area.

Locations of the monitoring sections are presented in Figure 1. Monitoring results are presented

in Table 2.
Table 2
Cr’® concentration in monitoring wells of cross sections
Section Well | Cr*® Section [ Well | Cr** | Section Well Cr*t
Location i.d. Location | i.d. Location | i.d.
Dump Site | 1 0.001 | JinChang | 4 0.008 | Railway 3 0
Bao Station
2 0.17 5 0.08 4 0.056
3 1.70 6 0.70 5 0.001
4 8.00 7 1.50 6 0.1
5 6.29 8 8.00 YangXing | | 0
6 0.001 S 0.20 2 0.003
East Gate | 1 0.01 10 |0.008 3 0.054
2 0.08 Nuer 1 0.70 4 0
River
3 0.40 2 6.0 5 0
4 2.90 3 0.75 6 0
5 5.10 4 3.50 { Shilitai 1 0
6 2.00 5 0.65 2 0.003
7 1.05 6 0.70 3 0
8 0.40 7 0.22 4 0

.CHEMROOOSS



JinChang- 1 0 8 0.003 5 0

Bao
2 0 Nuer I 0 6 0
Railway
Station
3 0.028 2 0 7 0

Although the highest concentration is not shown in the Table 2, ( for example the highest
concentration at the east gate of the plant was 40mg/L), two patterns of the chromium movement

in underground water in this region can be identified:

(1) Starting at the stack of ore residue and the east gate of the alloy plant, chromium
contaminated waste water (from workshop and stack of ore residue) permeated into the
underground, and then formed a contaminated area concordant to the movement of the
underground water. Nuer River village is the first village that was contaminated by the flow.
When underground water flowed further, chromium concentration became lower and the

expanding tendency of the contaminated area became moderate.

(2) Discharged waste water permeated into the underground in the dried river bed of the old Nuer
River course, and caused the contamination of the underground water. Because the Cr'¢
concentration in waste water was lower, the villages located along the old Nuer River ( Yangxing

Shilitai) had a lower level of Cr*® concentration than the Nuer River Village.

In order to understand the relation of the Cr*® concentration and the underground water level, a
monitoring section was set 1000 meters form the pollution source. This monitoring section
contained eight monitoring wells. Observation from the monitoring wells revealed that there
existed a contrary trend of Cr*¢ concentration in underground water and the level of underground
water. On this section, the altitude of the underground water was higher on both sides (north and
south) and lower in the middle. No.5 monitoring well is the lowest in altitude ( 4.87 meters),

and had the highest chromium concentration among the eight monitoring wells in this section.
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The altitude (gratitude) of underground water limits horizontal proliferation of Cr*. This fact may
be the reason that a long and narrow high density contaminated area was formed. Because of the

location of Nuer River villages, it was under direct effect of the contaminatjon. Contamination

levels varied with different depths of wells in the Nuer River village.
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Figure 2: Relation between underground water altitude and Cr* concentration
(monitoring section 2: east gate of the alloy plant)

Table 3: The relation between the depth of water wells and Cr** concentration

Depth of Water Wells (in meter)

6 7 9 10
# wells 13 37 27 3
Cr*s 0.12-5.0 0.05-12.0 0.25-10.0 0.5-10.0 2.0-10.0
Concentration
Average 2.23 2.53 2.95 4.11 4.85
concentration
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The results in the table above revealed that there existed a positive corrclgtion between the depth

of wells and Cr*® concentration.

There are two river courses located near to the alloy plant. One is the Nuer River, the other one
is the old Nuer River. The old Nuer River is dried while the Nuer River is an all season river
whose water comes from the upper reservoir. Because waste water was discharged into the old
Nuer River, fluid in the old Nuer River contained Cr*. (concentration is between 5-20mg/L).
Although waste water was not discharged into Nuer River, Cr*® was detected in the river. The
further the river from the alloy plant, the lower the concentration of Cr*®. Cr*¢ can be detected

until the Nuer River merged into the Ling River.

Table 4: Cr’® Concentration in Different Sections of The Nuer River (1966.3)

Location of Measure # of Obs Taken Average Cr™ concentration

XiaoMaChang 4 0
- ]

JinChangBao 0

L 6
Nuer River Village 6 0
Nuer River Railway Station 4 0.018
S
3

YangXing 0.017
ShiLiTai 0.015
WenJiaTun : i1 0.014
BalJiaZi 7 v 0.014
NanShanQjao 11 0.009
Ling River 3 0

According to the hydrogeological document, the old Nuer River is higher than the Nuer River
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in altitude, therefore the Old Nuer River supplies water to the Nuer River during the annua]
drought period. A clay layer in the old Nuer Rjver course was heavily decayed. Waste water

permeating info ground water may be the reason that the Nuer River after Nuer Railway station

was contaminated by Cr'®,

In order to assess the contamination from the ore residue to soil and to underground water, a

study was conducted in 1966. Result are presented in the following table.

Table 5: Cr*® Concentration in Soil under Stack of Ore Residue

Depth of swamp taken (cm) | Cr* concentration ’?r” concentration
(mg/100g) (mg/100g)

-0.1 52.060 -

-0.2 18.2 20.26
-0.5 279 30.48
-1.0 18.3 22.7
-1.5 7.6 8.37
-2.0 0.037 0.031
-2.5 0.043 0.030
-3.0 0.017 0.021
-3.5 0.048 0.032

Soil samples were collected from the edge of the stack of ore residue, where Cr*® can be detected
at a depth of 3.5 meters below the earth surface. A study shows that the Cr*$ concentration in
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contamination. The Cr*® concentration in the underground water under the$tack of ore residue was
7-8mg/L in 1972, and was 9-22 mg/l in 1974 (highest value was 130 m/L in fall). Total amount of
ore residue was about 200,000 tons, occupying more than 30 my. Dissolved with rain, a large
amount of chromate was discharged. The intensity of the contamination expands if an effective clean

up is not conducted immediately.
Section II: Effect of Environmental Contamination on Human Health:

To study the effect of underground water contamination on the residence health, a series of studies
were conducted in the Nuer River, Yangxing and Shilita;. In a study conducted in the Nuer river
village in 1965, most common symptoms included oral ulcer, diarthea, abdominal pain and
abnormalities of the digestive system. At the time of this study, the Cr* concentration in water wells
in Nuer river Village was 0.1-20.0 mg/L.. No such symptoms were found among the residents whose
water wells were not contaminated. The study also indicated that the symptoms were acute. They
disappeared when the human body accommodated to the condition of or improvement of drinking

water.

Table 6: Statistics of 156 Residents in Nuer River Village

Symptoms

#cases Yocases ]
—

Oral Ulcer 33
——
Diarrhea 20 17

Abdominal Pain 48 3]
—————a ram ]

Dyspepsia 26 17

Pain at pit of stomach 81 30
vomiting 20 17

In April 1971, similar symptoms were found in Shilitai Village. 58% ( 92 among 158 people in the

study) shows some symptoms.
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Table 7: Statistics of 158 Residents in ShiLiTai

Symptoms # Cases % Cases
Oral Ulcer 92 58
Diarrhea 48 30
Abdominal Pain 36 : 23

' 16 _ 10

In 1974, children in Wenjiatun and Sandaohao showed similar symptoms. In order to assess the
effect of regularly drinking contaminated water on human blood, a study of blood sample was
conducted in the Nuer River village in 1966. A higher white blood corpuscle count was found.
The range of the count was 5100-163000 / cm3, and the average was 12116/cm3 which was 75%
higher than normal. Other measures were in the normal range.(Table 8) Among 93 people in the
blood study, a higher percentage of juvenile cells in neutrophilic granulocyte was found, and a
trend of left shifting of cell nucleus was identified. The left shifting symptoms were more
significant in the Nuer River village compared to Shilitai, which has less intense contamination.
(table 9)
Table 8 Blood Test Results of 12 Individuals

r red red white polymor | lympho- single eosino-
hemopro | blood blood phism cyte% nucleus phil
-tein % cell cell nucieus cell %
cell%
Range 64-90 350-430 | 5100- 40-78 18-56 24 2-6
16300
Average | 77 44] i2116 57 38 2 2.8
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Table 9 Blood Test Result by Region

Region #Sample #Normal #Nucleus Left | #Nucleus

' Shifting Right Shifiing
Nuer River Village 61 26 46 28
Yang Xing 42 36 33 31

A study monitoring the urine of 12 indjviduals for 24 hours was conducted in order to observe
the discharge of chromium after it was ingested. The age of the 12 individuals ranged between
2 to 46. Chromium was detected in urine of 8 persons (67% of 12 persons). Chromium
concentration in urine was between 0.01mg/L-0.1mg/L, and the average was 0.024mg/L. One
individual’s urine contained a small amount of protein. The other 11 individuals had normal
urine. It is estimated that each person ingested 10-60mg of chromium per day from drinking
water based on the chromium concentration in this area. Another study indicates that a 0.008mg
of chromium will discharged by urine if a person’s intake was 0.08-0.1mg per day. (that is 8%).
The rest of the chromium will be discharged by sweat glands and the intestinal canal. Considering
that the residents also ingested chromium through food (0.8-6.0mg/kg in this area), there should
be 0.8-6.0 mg chromium discharged in their urine. In this study, the average chromium in urine
is less than 0.03mg/L. The difference between expectation from the previous study and the results

of this study need more study.

The symptoms in the contaminated area were concordant to the progress of the contamination.
The Nuer River Village is nearest to the alloy plant and the easiest one to find chromium
contamination, therefore it is the earliest to show some health symptoms. In WenjiaTun and

Sandaohao, which are located more remote, slight symptoms were not found until 1974.
When some Symptoms were reported in the Nuer River Village, the Cr** concentration in dricking

water was 0.1 -20.0mg/L, and sulfate concentration was 40-180mg/L. The Cr*® concentration

exceeded the drinking water standard 2400 times while the sulfate concentration was below the
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drinking  water standard. Former studies have shown that oral ingestion 6f chromium can cause
chronic toxication. A study which involved feeding rabbits water containing 7.0 mg/L Cr'® caused
a higher rate of juvenile cells , which is nucleus left shifting. This may be because of the organ being
- Another study showed that chromate can accumulate in some organs. 8 out of 16

irritated by Cr*¢
which were feed by 10 mg/L Cr*¢ containing water, developed lung cancer.

guinea-pigs in the study,
However, some studies do not support this conclusion. Our conclusion is that the symptoms in the

Nuer Village and Yangxing may be due to regularly drinking Cr* contaminated water.

One may question the reason that WenJiaTun and Shilitai have similar symptoms in 1974 even when
the Cr’*® concentration was only 0.003-0.05mg/L and 0.003-0.01mg/L, both under the drinking water

standard. We may find the answer in the following figure.
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Sulfate level was increasing after 1967 in these villages, while Cr*® concentration was decreasing.

In 1973, 55.7% of 43 water wells have sulfate levels higher than 300mg/L. It is possible that the

cause of the symptoms in these villages is sulfate.

Because of improvements in smelting procedures, the discharge of Cr*® was put under control.

estimated to be 10 tons per day.

of treatment,

however, a large amount of sulfate was discharged daily,

Considering thousand of tons of sulfate have been discharged in the past ten years

sulfate pollution should be paid more attention.
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Section Three: Treatment of the Contamination:

In order to solve the problem of contamination, a series of treatments have been used, including
stopping production to treat. In the last few years, improvements in smelting procedures have been

made, and drinking water has been provided to residents. The following are several improvements:

1) To prevent Cr* permeating into ground, 680 m? ground surface of workshop has been resurfaced.
By integrating procedures, 40% of the valves were saved and the gap was filled.

2) Improved leaching procedures. Smelted residue is cooled before leaching. By doing so, the Cr*¢
concentration in the air was reduced to 0.0084-0.01 12mg /m’ from 0.104-48 3mg/m®. Two chemical
procedures which produced high toxic ore reside were stopped.

3) Recycle the chromium contained sewage.

4)Waste water was treated with lime cream and ferrous sulfate before being discharged. Cr*¢

concentration in discharged waste water reduced to 0.05mg/L.

Besides the above treatments, treatment wells were built in 1967 in serious contaminated areas. Each
treatment well covered a range of 60-100 meters radius. Withdrawn underground water was treated
with ferrous sulfate. After treatment, Cr*® concentration reduced to 0.1-0.05 mg/L from 29.92-

41.20mg/L. However, the sulfate concentration in treated water increased.

Table 10: Results of Sulfate Treatment

Cr*® Concentration Before After Treatment

Treatment Cr’® Concentration Sulfate Concentration
29.92 <0.05 338.2

40.39 <0.05 1900.0

39.10 <0.10 970
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41.20 <0.10 600
40.80 <0.10 945
31.28 <0.10 280
31.28 <0.10 400
35.36 <0.10 376.3
35.36 <0.10 494.8
36.72 <0.10 359.5
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Figure 4: Cr™ concentration of withdraw well No.4 by time. (1971)

Cr* concentration

-

1t/ 51/7 /e 7/ 9 POY/AlsnsT =
Figure 5: Effect of withdraw wells on Cr*$ concentration (1971)
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Figure 4 which shows treatment well No.4 indicates that the Cr*® concéntration increased in a
whole year with no seasonal pattern. When the withd:awing stopped, Cr*® concentration in the
treatment area dropped quickly and returned to a high level after resuming the withdrawing
procedure. This fact indicates that continuous withdrawing treatment was necessary to clean up
the underground water. After 8 years of withdrawing treatment, No.1 and No.6 water wells show
a significant drop in Cr*® concentration. However No .4 treatment well, which was located near
the workshop, maintained a higher Cr** concentration. This may be because of the large amount
of accumulation of Cr*® in soil which cannot be cleared in a short time.
Table 11: Result of Withdrawing Treatment

Time of Measure No.4 Well No.l Well No.2 Well
(in workshop) (East Gate) (JinChangBao)
1966 90.00 39.90 17.00
1979 45-80.00 0.24-0.44 0.17-0.50 ‘J

Withdrawing treatment is an effective method o prevent the proliferation of the Cr'¢
contamination. After a few years of treatment, Cr'® concentration in underground water
decreased. JinChangBao, Nuer River Village, Yangxing and Shilitai are nearly reaching the same
level of chromium concentration. Most of the water wells in those villages are under the drinking
water standard. The Nuer River Village still has Cr*® concentrations higher than the drinking
water standard, while the variation of the concentration is large. In Nuer River Village, there are

fewer water wells with high Cr*® concentration and more low concentration water wells.

— b0
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Figure 6: Cr*® concentration in Nuer River Village in 1965 and 19
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Because sulfate pollution was ignored, sulfate concentrations increased. Further treatment of

sulfate in ShiLiTai and WenJiaTun is recommended.

Summary:

This paper summarized the chromium and sulfate contamination in the Nuer River region. After
the treatments, Cr*® concentrations in underground water in all villages are under the drinking
water standard, except Nuer River village. However, since no treatment has been conducted for
the stack of ore residue, the concentration of Cr'® in underground water under the stack is 16
times higher than it was in 1966 (highest concentration is 130mg/L). A potential contamination

can only be prevented by an immediate treatment of the stack of ore residue.

Residents living in Shilitai and Wenjiatun were exposed to high concentrations of sulfate. More

attention should be paid to the sulfate contamination.

The symptoms in the contaminated areas (diarrhea, abdominal pain, oral ulcer) are associated with

the ¢! womiwm contamination.

The chromium contamination cannot be solved in a short time. Prevention will be the key

—

solution in this type of contamination.
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Figure 5: Effect of withdraw wells on Cr* concentration (1971)
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Figure 3: Comparison of Cr*® concentration and sulfate concentration (maximum value)
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