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Abstract: Baiyin in Gansu Province was an important base producing non-ferrous metals in China. This region contains
extensive mineral resources characterized by large quantities of ores containing copper. lead, zinc, and iron, with attendant
gold, silver and a small quantity of platinoids. A number of very large industrial enterprises were formed for lead zinc, copper,
and polymetallic extraction in the 1970s. During a few decades of intensive development metallurgical industries soon occupied
a very wide area. There were deaths of a large number of grazing sheep and horses on farmland in the vicinity after the smelters
went into operation. Accordingly, it was concluded that the disease was probably related with environmental heavy metal
pollution caused by industry activities in the region. The national state of environment data for emissions and ambient
environment have shown that the region is exposed to high levels of a range of pollutants, including heavy metals. The
objectives of the present study were to evaluate the effect of heavy metals on biotoxicity and bioavailability in the region.

In this study, the concentrations of lead, cadmium, copper and zinc in soils, water, forages, feed and blood, hair and
tissues of affected sheep and horses were determined in the surroundings of the smelters in Baiyin and controls. The
concentrations of these elements in soils, forages, water and feed were significantly higher than those in the control area (p<<
0.01). The contents of lead and cadmium were 9.3 and 690 times in forages, respectively; 10 and 35.6 times in feed.
Meanwhile, the results showed a clear decrease with increasing distance to the smelters. The concentrations of lead and
cadmium in blood, hair and tissues of the affected sheep and horses were significantly higher than reference values and control
animals (p<C0.01). Lead and cadmium intake levels, estimated according to the ingestion rates of forages. illustrates that the
apported lead and cadmium through the ingestion of vegetation growing in the closest sites to the smelters were approximately
6. 0mg Pb/kg body weight/day and 1. 1mg Cd/kg body weight/day in horses, 21. 4mg Pb/kg body weight/day and 4. 0Omg Cd/
kg body weight/day in sheep, surpassing the fatal dosages for horses of 1. 7mg Pb/kg body weight/day and for sheep of 4. 4mg
Pb/kg body weight/day and 1. 0omg Cd/kg body weight/day. Lead and cadmium were mainly accumulated in kidney, liver and
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skeleton of affected sheep and horses in the region. the disease of sheep and horses in this region is caused by lead poisoning
combined with cadmium, mainly due to environment heavy metal pollution by industrial activity. It is therefore suggested that
as such levels of contamination in animal food and grain pose a significant potential risk to human health, these results have
formed the basis for subsequent research on levels of metal contamination in human tissues from affected populations.

In the present study. the concentrations of copper and zinc in soils, forages and feed were significantly higher in Baiyin
region than those in control area. In general, the maximum tolerable levels for copper in sheep and horses are 25mg/kg and
800mg/kg, respectively, for zinc 300mg/kg in sheep (NRC, 1980). Whether the levels of copper and zinc in these soils and
forages affect the absorption of lead and cadmium in the sheep and horses will be further investigated.

The result showed that the heavy metals in the surroundings of the smelters had an effect on biotoxicity and
bioavailability. Thus it can be seen that knowledge of lead and cadmium concentrations in livestock in this region is important
for assessing the effects of pollutants on domestic animals themselves and contaminant intakes by humans.

Key words :heavy metals; environmental pollution; bioactivity
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1

(mg/L)

Table 1 The concentrations of trace elements in irrigation water

n

Sampling sites No. of samples Pb cd Zn Cu
1 5 6.23+1.24¢ 8.8642. 14° 17.26+£3.67¢ 4.67+2.12¢
2 7 4.24+1.12° 7.66+2.18° 15.44+3.87¢ 3.2141.04¢
3 10 3.10+£0. 88° 3.4441.75¢ 13.21+4.12¢ 3.1140. 99°
4 10 1.47+0.93¢ 2.3240.99¢ 10. 61+3. 80¢ 2.6540.67°
5 10 0.8340. 65° 1.35+0.65¢ 9.2144.11° 1.21+0.32¢
All samples 42 1.1240.95¢ 3.18+1.25° 11.04+3.93¢ 3.01+1.63°
Controls 10 0.05%0.01 0. 00440. 001 0.01540.01 0.01840.01
C P<0.01, the same below
2 (0~20cm) (mg/kg)
Table 2 The concentrations of heavy metals in agricultural soils (0~ 20cm)
n < .
Sampling sites No. of samples Pb cd Zn Cu
1 5 301.8436.7¢ 54.7+21.3° 328. 6457, 4¢ 498.8+87.1°¢
2 5 282.4451. 6° 38.6+12.9° 314.5467.9¢ 357.8+91. 3¢
3 5 201. 4434, 7¢ 27.4+10.7¢ 289. 6+66. 8° 297.6478. 2¢
4 5 156. 7443.9¢ 10.9+2.7¢ 157.3+£25.7¢ 145. 6+£34. 2¢
5 5 99.8+31.8° 10.7+3.2¢ 110. 5+£34. 7¢ 139.6428.7°
All samples 25 163.7+45.1¢ 22.1+1.6° 200.7+113. 2° 181.2487.9¢
Controls 10 9.4+2.7 0.640.2 35.34+9.9 13.34+1.2
3 (20~40cm) (mg/kg)
Table 3 The concentrations of heavy metals in agricultural soils (20~ 40cm)
n < ~
Sampling sites No. of samples Pb cd Zn Cu
1 ) 102.3+32. 3¢ 3.184+0. 21¢ 145.8+10. 2¢ 197.8413.5¢
2 5 87.8+21.4° 2.3240.11¢ 143.6+9.7° 161.2+10.7¢
3 5 71.6+14. 8 2.1240. 28° 100. 4£8. 6¢ 98.9+12.7¢
4 5 52.54+12.1¢ 1.974+0.10¢ 41.747.9¢ 80.645. 8¢
5 5 42.5+10.1°¢ 1.9940. 18° 38.9+10. 6° 62.4+7.5°
All samples 25 54.7+25.1°¢ 2.10+1. 2° 98.5+23. 2° 100. 2+23. 4°
Controls 10 5.2+1.1 0.440.1 21.2+8.3 9.2+1.5
4 (mg/kg.DM ")
Table 4 The concentrations of trace elements in forages
n
Sampling sites No. of samples P Cd Zn Cu
1b 12 180.3+107. 2¢ 32.7+16.9° 496. 3+212. 4° 40.3+12.5¢
2 10 138.4+98. 5¢ 20.749.5° 378.54+123.9¢ 37.6+£09.8°
3 12 67.4+21.9¢ 10.8+3. 8° 231.4498. 3¢ 29.747.9¢
4 11 44.3412. 8° 6.9+2.2° 134.5£76. 4¢ 26.445. 8¢
5 13 33.6+16.7° 5.441.7° 100. 3+34. 5¢ 13.9+5.7¢
All samples 58 59.424+32.1¢ 8.3+5.4¢ 166.8+£117. 3¢ 24.8415. 3¢
Controls 15 6.414+2.71 0.01240. 004 24.4+5.6 6.34+2.36
* DM Dry matter
5 Pb.Cd (mg/(kg BW* « d))
Table 5 The ingestion rates and fatal dosage of lead and cadmium in horses and sheep
The ingestion rate Minimum cumulative fatal dosage
Element Horses Sheep Horses Sheep
Pb 0.5~6.0 1.7~21.4 1.7 4.4
Cd 0.1~1.1 0.2~4.0 ND 1.0
ND no available data; * BW Body weight
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6 (mg/kg.DM)

Table 6 The concentrations of trace elements in grain

n

Sampling sites No. of samples Pb cd Zn Cu
1b 7.2442. 43¢ 1.1242.11° 129. 3443, 6° 26.2+8. 5¢
2 5 6. 1242, 37¢ 3.6741. 33 100. 94 56. 7¢ 22,37, 4¢
3 5 5.12+1. 45¢ 3.1040. 89° 107. 44 45. 7¢ 20.54+3. 3¢
4 5 4.23+1.67° 2.3540.56¢ 99. 64 24. 8¢ 13.2+2.1¢
5 5 2.96+0. 98° 1. 9840, 38° 87.3431. 2° 12,041, 9°
All samples 24 4.75+2. 61° 2.4940. 88° 93. 2443, 7¢ 14. 049, 0°
Controls 10 0.47-+0.20 0.0740. 04 42.4+8.6 6.0641. 36
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7 (mg/kg DM)
Table 7 The concentrations of trace elements in soft tissues in sheep
Heart Lung Liver Kidney Muscle Spleen
Element  ¢p(15)0 Control (10) CA15)* Control (10) CA15)* Control (10) CA (15)* Control (10) CA(15)* Control (10) CA(15)* Control (10)
Pb 4.3041.63" 1.5440.70  4.3541.68" 1.4540.87 15.3041.14> 0.7240.23  39.5042.87"> 0.9640.40 1.85+0.71> 0.86+0.41 3.94+2.71> 1.01+0.45
Cd  0.3840.17¢ 0.3040.10 3.0241.25> 0.61+£0.11  7.9242.36> 0.4940.25 25.39410.53" 1.8340.59 0.6240.19" 0.1740.09  0.5940.24° 0.4540.25
Cu  28.8+4.4" 15.740.9 23.2+2.4>  10.6+1.6 248.1+35.9> 120.6+57.7 25.24+13.2> 11.8+1.7 8.0+1.4 5.941.9 9.6+1.0" 5.940.8
Zn 99.6+7.5 101.9410.2 123.8+25.2 108.8+18.6 217.9435.7" 140.0410.5 147.1467.4> 115.0420.6 117.14+21.6 123.5+25.8 117.3+18.4 124.9+12.6
CA Contaminated area:a Number of samples;b  p<C0.01; ¢ p<<0.05; the same below
8 R (mg/kg DM)
Table 8 The concentrations of trace elements in blood, hair and bones in sheep (mean=+SD)
Blood (mg/L) Hair (mg/kg) Rib (mg/kg) Radius (mg/kg) Teeth (mg/kg)
Element CA(15)° Control (10) CA(15)° Control(10) CA(15)® Control (10) CA(15)° Control (10) CA(15)° Control (10)
Pb 0.3440.03 0.05+0. 03 3. 64+1.90 1.0140.21 13.30+3.93"  5.06+2.19 21.64+5.52"  6.234+2.12 24.6+5.67 6.134+3.21
Cd 0.3740.02" 0.0240.01 2.03+0.45° 0.37+0.02 3.87+1.60° 1.54+0.75 4.6840.99° 1.87+0.65 4.7340.61° 1.33+0.97
Zn 4.643.4 10.6+3.0 101.5+31. 4 95.34+21.2 85.6+17.9 93.6+24.7 96.4+15.6 105.3+28.6 104.7+34. 6 110.4+25.2
Cu 1.6540. 9" 0.76=+0.25 9.62+3.10 3.68£0.74 8.15+1.51" 4.30£1.76 10.21£1.15>  4.53+1.04 7.324+3.56 6.02+1.07
9 (mg/kg,DM)
Table 9 The concentrations of trace elements in blood. hair and tissues in horses (mean + SD)
Blood (mg/L) Hair (mg/kg) Heart (mg/kg) Liver (mg/kg) Kidney (mg/kg) Rib(mg/kg)
Element  ¢p (100 Control (5) CAC10)® Control (5) CAC10)*® Control (5) CAC0)® Control (5) CAC0)*® Control (5) CA(10)* Control (5)
Pb 0.2840.10" 0.0440.01 5.7641.27> 0.9540.33 3.2740.21> 2.1240.27 23.7242.30" 1.05+0.35 68.834+13.32" 3.21+1.09 26.8+4.23" 6.214+2.02
Cd  0.1740.04> 0.0340.01  3.4740.55* 0.2840.02 2.13+0.38" 0.79+0.21  8.30+2.10> 1.1340.24 27.242.4° 1.0240.33  4.76+2.61" 1.5940.43
Cu 11.647.4 11.642.5 89.34+20.4 85.7419.2 85.6+17.9 90.7+12.7 136.8+32.6 124.9+22.1 133.8+41.0 126.3+17.8 99.4422.1 91.2413.9
Zn 0.9540.40> 0.7540.13  7.64+2.21" 5.36+1.24 5.3441.29" 4.1241.10 124.6423.6" 98.74+14.5 21.8+9.7° 16.443.12  9.2341.42" 4.7842.67

LLZ
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