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Evaluation on Heavy Metal Contamination and Vegetable Security in Soilless Culture Medium Containing
Coal Gangue
TONG Guan—he, WANG Shun-chang, LIU Tian—jiao, LUO Xun

Life Dcience Department ,Huainan Teachers College, Huainan 232001, China
Abstract Five types of soilless culture mediums, containing coal gangue and rape stalk with the volume ratios of 2:8, 3:7, 4:6, 5:5 and 6:4, re—
spectively, were prepared for vegetable cultivation. On such mediums, 8 species of vegetable crops, Brassica chinensis 1., Lactuca sativa, A —
marantus mangostanus L., Spinacia oleracea L., Solanum melongena, Lycopersicon esculentum, Capsicum frutescens L., Raphanus sativus L.,
were cultivated in the pot in the biotron. The state of heavy metals contamination and the potential ecological risks in the cultivation systems
were assessed using single factor contaminant indexes, nemerow pollution indexes and hakanson indexes, respectively. The results showed that
3 of the 5 types of mediums, containing less coal gangue, named T, T,, Ts, exhibited low levels of heavy metal contamination and less potential
ecological risks. All of the 8 species of vegetable crops cultivated on these 3 types of mediums were evaluated as quality or safe for heavy met—
als contamination assessments, and meet the standards for green food vegetables. However, the mediums of T, and Ts, with slightly elevated
levels of heavy metals contamination, exhibited relatively high potential of ecological risks. The 8 species of vegetable crops cultivated on these
mediums were evaluated as safe or lightly heavy metals contamination. The main heavy metals contaminants in the compound mediums were
Cd and Hg, which contribute to 35.64%~36.50% and 51.78%~42.94% to the RI according to the national soil environment first—level quality
standards. So, Cd and Hg were the major pollutants and potential ecological risk factors in the mediums, while other heavy metals had relatively
low levels of pollution capabilities. Additionally, the national soil environment first-level quality standards should be adopted as the control in
evaluation the overall heavy metals contamination and potential ecological risks of soilless culture with coal gangue as inorganic constituents,
and the volume ratios of coal gangue in the compound mediums should be less than half of the total volumes.
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Table 1 The heavy metal content of major constituents mg-kg™
¢ Cu Pb  Zn Cd  As  He
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Table 2 Precision and recovery experiment
/ / / /
mg-kg?  mgrkg? mgekg 1% %
Cr 53.57 50 104.18 1.26 100.59
Cu 31.02 20 46.84 2.74 91.81
Pb 30.95 20 50.20 2.08 98.53
Zn 77.99 50 115.75 2.81 90.44
Cd 0.168 0.1 0.292 3.46 108.96
As 2.87 2 4.93 1.75 101.23
Hg 0.111 0.1 0.207 2.09 98.10
2 90.44%~108.96%
3.46%
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Table 3 The heavy metal content in the 5 types of mixed substrates
/mg kg™
Cc Cu Pb Zn Cd As Hg
T, 23.56 14.09 1691 46.88 0.133 2.54 0.109
T, 39.78 23.67 22.58 62.27 0.150 2.65 0.111
T 53.57 31.02 30.95 77.99 0.168 2.87 0.111
T, 62.13 35.75 38.22 90.46 0.191 3.01 0.126
Ts 69.45 41.08 47.20 98.82 0.204 3.13 0.135
6493 24.16 30.47 80.81 0.061 16.87 0.041
2 90.00 35.00 35.00 100.00 0.200 15.00 0.150
1 1992
2 GB 15618—1995
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Table 4 The P; and P of heavy metals in mixed substrates
Cr Cu Pb Zn Cd As Hg
P, P, Py P, P, P, P, P, P, P, P, P, Py P, P, P,
T 0.36 0.26 0.58 0.40 0.56 0.48 0.58 0.47 2.18 0.67 0.15 0.17 2.66 0.73 2.01 0.61
T, 0.61 0.44 0.98 0.68 0.74 0.65 0.77 0.62 2.46 0.75 0.16 0.18 2.71 0.74 2.10 0.67
T, 0.83 0.60 1.28 0.89 1.02 0.88 0.97 0.78 2.75 0.84 0.17 0.19 2.71 0.74 2.15 0.80
T, 0.96 0.69 1.48 1.02 1.25 1.09 1.12 0.91 3.13 0.96 0.18 0.20 3.07 0.84 2.49 0.96
Ts 1.07 0.77 1.70 1.17 1.55 1.35 1.22 0.99 3.34 1.02 0.19 0.21 3.29 0.90 2.67 1.15
Py P, o
5 E; RI
Table 5 The E; and RI of heavy metal pollution in mixed substrates
Cr Cu Ph Zn cd As He
" 2 " 2 " 2 " E;, i 2 " 2 " 2 RI, RI,
T, 0.72 0.52 2.90 2.00 2.80 2.40 0.58 0.47 65.4 20.1 1.50 1.70 1064  29.2 18030 56.39
T, 1.22 0.88 4.90 3.40 3.70 3.25 0.77 0.62 73.8 22.5 1.60 1.80 108.4  29.6 19439 62.05
T; 1.66 1.20 6.40 4.45 5.10 4.40 0.97 0.78 82.5 25.2 1.70 1.90 108.4  29.6 206.73 67.53
T, 1.92 1.38 7.40 5.10 6.25 5.45 1.12 0.91 93.9 28.8 1.80 2.00 122.8  33.6 235.19 77.24
Ts 2.14 1.54 8.50 5.85 7.75 6.75 1.22 0.99 100.2  30.6 1.90 2.10 131.6  36.0 25331 83.83

i
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6 mg-kg™! Py
Table 6 The heavy metal content mg-kg™ and its Py in vegetables
Cr Cu Ph In od As H
P, P, Py P, P, P P,
T, 0.209:0.013 0418 0.366+0.011 0.037 0.114£0.008 0570  5.88+0.27  0.294 0.022+0.004 0440 0.098£0.010 0.196  0.002£0.001 ~ 0.200 0458
T, 0270:0.012 0540 0405:0.023 0.041 0.186:0.007 0930 9.53:0.54 0477 0.025£0.008 0500 0.114:0.012 0228 0.0030.001 0300  0.725
Ty 0387:0.015 0774 0498+0.021 0.050 0.211£0.005 1055 1321086 0.661 0.030+0.008 0.600 0.127:0.014 0254 0.0030.002 0300  0.834
T, 0461£0.029 0922 0.574+0.036 0.057 0.254£0.017 1270 20.01£1.25  1.001 0.039£0.010 0.780 0.149£0.034 0298  0.004£0.000 ~ 0400  1.017
Ts 0514:0.043 1028 0.632:0.066 0.063 0301£0.024 1505 23.34:127 1167 0.045£0.019 0900 0.15210.029 0304 0.005:0.003  0.500  1.199
T, 0201£0.010 0402 0508+0.058 0.051 0.187:0.006 0935  3.99:025 0200 0.024+0.006 0480 0.094:0.011 0.188 0.001x0.000  0.100  0.703
T, 0289:0.014 0578 0.598+0.049 0.060 0.204+0.004 1.020  7.69+0.38  0.385 0.029+0.007 0.580 0.116£0.012 0232  0.001£0.001 ~ 0.100  0.780
Ty 0382:0.017 0764 0.690:0.081 0.069 0239:0.002 1195 12.71:044 0636 0.036£0.003 0720 0.128:0.018 0256 0.0010.001 ~ 0.100  0.926
T, 0434:0.036 0868 0.767:0.032 0.077 0.287:0.030 1435 18.44+1.02 0922 0.041£0.015 0820 0.144+0.022 0288 0.002£0.001 ~ 0.200  1.116
Ts 0485:0.028 0970 0.841+0.091 0.084 0334:0.027 1670 21.15:1.72 1.058 0.04820.025 0960 0.150£0.026 0300 0.0030.001 0300 1298
T, 0.192:0.011 0384 0447:0.042 0.045 0.157:0.003 0785  4.76:031 0238 0.028+0.007 0.560 0.105£0.009 0210  0.002£0.000  0.200  0.607
T, 0278+0.018 0556 0.531+0.045 0.053 0.195+0.001 0975  743+048 0372 0.035:0.006 0.700 0.1210.008 0.242  0.003x0.001 0300  0.761
Ty 0362:0.020 0.724  0.600:0.054 0.060 0.241:0.008 1205 11.27:0.74 0564 0.044£0.002 0880 0.139:0.013 0278 0.004:0.001 ~ 0400  0.948
T, 0460:0.037 0920 0.669:0.053 0.067 0.298+0.007 1490 18.95:0.89 0.948 0.050+0.004 1.000 0.153£0.015 0306 0.005:0.002  0.500  L.179
Ts 0487:0.033 0974 0.724+0.073 0072 0.343:0.009 1.715 20.58+1.54 1.029 0.058+0.011 1.160 0.166£0.027 0332  0.006£0.003 ~ 0.600  1.351
T, 0.199:0.016 0398 0.612:0.080 0.061 0.147:0.002 0.735  11.25£0.55 0.563 0.024£0.005 0480 0.085:£0.014 0.170  0.002£0.000 ~ 0.200  0.582
T, 0281+0.023 0562 0.773:0.076  0.077 0.194:0.004 0970 15.18+023 0.759 0.033+0.008 0.660 0.090£0.007 0.180  0.0030.001 ~ 0300  0.772
Ty 0375£0.025 0750 0.927+0.095 0.093 0.227:0.005 1135 18.05:094 0903 0.041£0.012 0820 0.091£0.010 0.182  0.0030.000  0.300  0.907
T, 0447:0.022 0894 1.146:0.051 0.115 0283£0.021 1415 21.74+1.06 1087 0.047:0.012 0940 0.107£0.009 0214 0.004:0.003 0400  1.124
Ts 0492:0.034 0984 1373:0.064 0.137 0.299:0.019 1495 2561133 1281 0.052+0.021 1.040 0.1130.018 0226  0.004:0.001 ~ 0400  1.197
T, 0.042£0.008 0.084 0307:0.017 0.031 0.069:0.004 0345 5.88:028 0294 0.015£0.001 0300 0.076£0.005 0.152 0.0030.001 0300  0.288
T, 0.051£0.006 0.102 039%40.022 0.039 0.103£0.003 0515 987046 0494 0.018+0.001 0360 0.089+0.008 0.178 0.004:0.002 0400 0421
T; 0.074£0.003 0.148  0465:0.037 0.047 0.138£0.009 0.690 14.27:096 0.714 0.024+0.002 0480 0.102£0.003 0204  0.004x0.001 ~ 0400 0573
T, 0.097:0.007 0.194 0541:0.041 0.054 0.184:0.006 0920 18.99+0.75 0950 0.033£0.004 0.660 0.110£0.007 0220 0.006£0.002  0.600  0.764
Ts 0.135:0.013 0270 0592+0.034 0.059 0215:0.007 1075 22.73:+1.14 L1137 0.040£0.004 0800 0.125:0.012 0250 0.007£0.002  0.700 0913
T, 0.088+0.004 0.176 0.254+0.018 0.025 0.115£0.002 0575 12.07+0.88 0.604 0.010£0.002 0.200 0.051£0.004 0.102  0.004£0.001 ~ 0400 0477
T, 0.134:0.014 0268 0.339:0.024 0.034 0.170:0.005 0850 14.68z0.78 0.734 0.01320.005 0.260 0.0610.002 0.122  0.004:0.002 0400  0.659
Ty 0.179:0.015 0358 0436:0.051 0.044 0204£0.005 1020 19.34+1.07 0967 0.017+0.004 0340 0.072£0.006 0.144 0.005£0.001 ~ 0.500  0.798
T, 0227:0012 0454 0.507+0.034 0.051 0.249:0.006 1245 21.85¢1.25 1.093 0.019£0.007 0.380 0.086£0.007 0.172  0.007£0.003 ~ 0.700  0.973
Ts 0281+0.009 0562 0.554£0.045 0.055 0277:0.008 1385 2741+1.86 1371 0.024£0.006 0480 0.088:0.009 0.176  0.009:0.002 0900  1.099
T, 0.043:0.002 0.086 0489+0.032 0.049 0.061£0.003 0305 4.26:031 0213 0.011£0.002 0220 0.050£0.003 0.100  0.0030.001 ~ 0300  0.251
T, 0.062£0.005 0.124 0.618+0.046 0.062 0.098+0.005 0490  7.64+049 0382 0.016£0.001 0320 0.05210.002 0.104  0.004:£0.001 ~ 0400  0.395
Ty 0.089:0.004 0.178 0.827:0.069 0.083 0.124:0.011 0.620 12.57:0.74 0.629 0.024£0.006 0480 0.061£0.003 0.122  0.004:0.001 ~ 0400 0512
T, 0.109+0.008 0218 1365+0.078 0.137 0.176:0.013 0.880 17.98+098 0.899 0.031+0.007 0.620 0.069£0.005 0.138  0.005£0.002 ~ 0.500  0.722
Ts 0.156:0.007 0312 1.741:0.142 0.174 0213:0.016 1065 20.72:0.99 1.036 0.037+0.005 0.740 0.073£0.007 0.146  0.006£0.002  0.600  0.858
T, 0.195:0.010 0390 0436+0.039 0.044 0.126:0.018 0360 11.67:0.66 0584 0.013+0.002 0260 0.035:0.004 0.070 0.005:0.002  0.500 0511
T, 0.290+0.019 0580 0.580+0.045 0.058 0.174+0.014 0.870 16.59+0.72 0.830 0.017+0.002 0340 0.044£0.003 0.088  0.006£0.001 ~ 0.600  0.703
Ty 0.384:0.027 0768 0.866+0.078 0.087 0.209:0.019 1045 20.07:0.81 1004 0.022£0.003 0440 0.05210.004 0.104 0.006£0.002  0.600  0.844
T, 0461+0.033 0922 1.152+0.082 0.115 0260£0.022 1300 26.18+1.64 1309 0.029+0.002 0580 0.059£0.004 0.118 0.007£0.003  0.700  1.057
Ts 0.527:0.047 1.054 1.443:0.09 0.144 0.321£0.030 1.605 34.11£1.70 1706 0.036£0.004 0.720 0.064£0.005 0.128  0.008£0.004 ~ 0.800  1.357
0.5 10 0.2 20 0.05 0.5 0.01
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