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1 km 2012 7 0.5 mol/L NaHCO3 -
5 (NH;-N) (NO5-N)
ARD [10]
5~11 TTC
“<S*” 1 0~15cm 1.6
18] (net acid generation NAG) NAG-
1.2 pH (acid neutralization capacity ANC)
( ) Fe Fe*'
Pb Zn Cu Cd Fe'" SO
GB/T 5750.6-2006 NAG H,0,(4.5 mol/L)
As pH NAG-pH NaOH
1.3 NaOH NAG
HNO,;-HC1 ANC HCI
- Pb Zn Cu Cd NaOH
HCI  NaOH ANC!
(GBW08303) Fe Fe*' Fe''
0.1 mol/L SO; -
TCLP 30 r/min 18h 1.7
TCLP Excel 2003 SPSS 15.0
P<0.05 P<0.01
1.4 (GB15618-1995)
4 70°C Cu<10 mg/kg(GB5199-1994) Pb<0.2 mg/kg
100 (GB2762-2005) Cd<0.2 mg/kg(GB2762-2005)
Pb Zn Cu Cd
2
= / 2.1
1.5 1 ARD Pb Zn
pH Cu Cd As \'%
=1:25 Cu Cd 8.53 13
pH 2.53~3.11
x1 HARMKEEVAEKpHIMEERERE
Table 1 pH and heavy metal concentrations of ARD from Rongshui, Guangxi
pH Pb(mg/L) Zn(mg/L) Cu(mg/L) Cd(mg/L) As(mg/L)
ARD 2.67 0.112 5.16 8.53 0.13 0.18
(==6) 2.53 0.040 2.40 437 0.06 0.07
3.11 0.130 8.28 11.00 0.27 0.27
\% 0.1 2.0 1.0 0.01 0.1
1 ARD Pb Zn Cd
Cu ( 2 1 ~ 4 25% Pb Zn Cd 2
Cu (GB15618- 2 Cd (GB1561-
1995) (50 mg/kg) 1 1995) 4
Cu 64.0 mg/kg (P<
0.05) Cu ARD
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T2 IARMKBRUET ARKSTRAKELFEEELER TCLP ISR E (mg/ky)
Table 2 Total and TCLP-extractable heavy metal concentrations in paddy soil samples polluted by ARD from Rongshui, Guangxi
Pb Zn Cu Cd Pb Zn Cu Cd
1 282a*  612ab 64.0a 0.166 b 0.072 a 1.028 b 0.932a 0.094 a
(n=5) 247 58.5 50.7 0.110 0.000 0.000 0.229 0.062
35.7 63.4 81.6 0.205 0.190 2.778 1330 0.423
2 247a 75.2 ab 40.6 b 0.267 a 0.085 a 2.765a 0.812a 0.109 a
(n=T) 15.0 422 26.8 0.079 0.000 0.000 0.000 0.021
30.1 104.0 66.3 0.484 0.219 4.588 1.985 0.334
3 289a 61.1b 28.2 be 0.100 be 0.089 a 0.000 ¢ 0.431 ab 0.024 b
(n=11) 23.6 46.9 9.93 0.059 0.000 0.000 0.000 0.010
53.9 99.2 86.0 0.159 0.390 0.000 1.616 0.044
4 28.8a 70.6 ab 28.2¢ 0.119 be 0.133 a 0.142 be 0.251b 0.018b
(n=T) 22.1 433 222 0.098 0.000 0.000 0.000 0.009
33.59 103 34.8 0.153 0.345 0.995 0.586 0.026
CK 297a 81.6a 3l1c 0.081 ¢ 0.060 a 0.000 be 0.185b 0.013b
(n=5) 249 67.8 275 0.068 0.000 0.000 0.000 0.008
33.6 114 38.3 0.090 0.173 0.000 0.439 0.019
2 250 200 50 0.3
32 35 100 35 0.2
33 5 25 15 0.5
* LSD P<0.05
ARD ( 3) 2 3 ANC-pH
ARD 25~5 Shu " Liao
Cu 733 mg/kg ARD
16 [12-13]
TCLP ARD 4
4 TCLP ARD Cu Cd Zn
( 2 Cu Cu pH
TCLP Pb Zn Cu Cd NAGPH Fe SO¥ (P<0.01)
0.390 4.588 1.985mg/kg  0.423 mg/kg 2.3
Pb Zn Cu TCLP ARD
03% 1.0% 1.4%
ARD [20-22] ARD
[14-15] TCLP
cd (28%) Pb Zn Cu ( 3)
(2.296 g/kg) NH;-N 2
cd Qian U'¢ NH;-N (P<
(17 TCLP Cd Pb Cu Zn  0.05) [22]
5 Cu Zn Cd
2.2 (P<0.01) Gu
1 pH ARD
ANG  ANC-pH ARD
H,S0,12.40 kg/t 3.4 Fe Fe*' Fe* SO

(P<0.05)
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x3 HEBMKEBRMET AREKSRKELIHERBUMR. BRUEFRREXET

Table 3  Basic properties, soil acidification properties and related ionsin paddy soil samples polluted by ARD from Rongshui, Guangxi

1(n=5) 2(n=7) 3(n=11) 4(n=7) CK(n=5)
121¢ 162 be 121a 144 ab 154 a
(mmol/kg) 60.6 53.9 40.4 47.1 80.8
195 310 330 259 249
(mg/kg) 43.1c 53.7 ab 45.1 be 4730 63.7 a
30.5 46.6 18.6 37.2 55.1
52.6 60.7 58.5 60.6 93.1
(mg/kg) 15.4 ab 19.0a 232a 203 b 16.7 ab
5.54 10.7 5.54 6.40 13.7
27.4 27.9 51.5 39.5 21.4
(mg/kg) 211 a 263 a 329a 314 a 308 a
144 218 76.8 135 250
311 337 439 500 372
(uS/cm) 907 a 596 ¢ 190 b 202 b 73.7b
516 141 65.7 46.5 65.8
1291 1033 482 359 87.4
(mg/kg) 1.38d 1.61¢ 232a 1.04 ab 230b
0.701 1.15 1.15 0.215 1.44
1.72 1.87 5.38 251 3.95
NH;-N(g/kg) 7.59d 10.5 abc 6.728 ¢ 5.57b 591a
3.00 5.25 2.62 3.13 4.50
14.07 14.80 13.16 7.51 7.23
NO;-N(g/kg) 0.836 a 0.655 ¢ 0.698 b 1.24 ¢ 0.620 d
0.477 0.367 0.202 0.220 0.257
1.32 1.43 1.59 3.98 1.11
pH 3.50 ¢ 3.90 be 435a 4.20 ab 520a
2.80 3.50 3.60 4.00 421
4.60 4.60 4.80 4.60 5.80
NAG-pH 3.40 ¢ 3.60 be 3.80b 4.10 ab 5.00 a
3.00 3.80 3.20 3.70 4.80
3.80 3.90 4.40 4.50 5.30
NAG(H,S0, kg/t) 12.4a 11.3 ab 123 a 9.7b 10.8 ab
10.4 9.80 9.78 7.13 9.10
14.5 13.7 13.8 12.7 12.5
ANC(H,S0, kg/t) 16.8a 15.5a 17.8a 17.1a 20.5a
10.7 8.33 10.7 7.53 16.7
32.7 18.6 25.5 21.7 24.0
SOi (g/kg) 2.69a 1.17¢ 0.404 b 0.301b 0.131b
0.805 0.238 0.122 0.122 0.122
451 3.03 0.994 0.544 0.166
Fe(mg/kg) 82.8a 10.1b 48b 1.6b 470
6.41 3.59 2.65 0.77 2.42
181 33.2 7.59 2.65 8.29
Fe?'(mg/kg) 6l.1a 8.26 b 2.67b 0.698 b 378 b
3.83 2.66 0.000 0.000 1.95
122 26.9 6.18 2.65 7.82
Fe’'(mg/kg) 21.7a 1.88b 2.12b 0.883 b 0.940 b
2.58 0.235 0.000 0.000 0.000

58.7 6.34 4.93 2.11 1.65
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R4 TTHEBMKRMETABEKSRKELINEEESEMFRIERBXSHT

Table 4 Correlation coefficients between acidification properties and heavy metal concentrations in soils

pH NAGPH NAG ANC SO3 TFe Fe** Fe**

Pb 0.007 0.256 -0.051 0.084 -0.152 -0.014 -0.033 0.034
Zn -0.010 0.117 0.037 -0.177 -0.070 -0.095 —0.084 -0.118
Cu —0.748%** —0.587%* 0.018 —0.035 0.716** 0.623%* 0.625%* 0.585%*
cd -0.385*% —0.402* 0.176 -0.288 0.406* 0.090 0.121 0.007

Pb 0.125 0.175 —0.352* -0.035 -0.117 -0.210 —0.224 —0.165

Zn —0.421* —0.542%% 0.304 —0.336* 0.440%* 0.164 0.210 0.038

Cu —0.478** —0.492%* 0.158 -0.216 0.642%* 0.492%* 0.501%* 0.445%*

cd —0.300 —0.567%* 0.195 —0.348* 0.728%* 0.469%* 0.535%* 0.276

* ok P<0.05  P<0.01

x5 HARMKBRETARKSRAKELINEEREEMIIRBAERIBRDH

Table 5 Correlation coefficients between basic properties and heavy metal concentrations in soils

NH;-N NO;s-N
Pb 0.087 0.172 -0.014 0.009 -0.420%* 0.036 -0.177 0.347*
Zn 0.040 0.21 -0.153 0.019 —0.431** 0.358* 0.033 0.368*
Cu —-0.097 0.335* -0.064 —-0.113 —0.503%* 0.138 0.785%* —0.045
Cd -0.113 0.491%** -0.096 —-0.06 —0.430%* 0.363* 0.588%** 0.071
Pb 0.071 —-0.031 —-0.112 0.048 0.092 0.098 —-0.096 0.093
Zn -0.164 361%* -0.162 -0.109 -0.370* 0.296 0.610%** 0.105
Cu -0.215 0.202 -0.147 -0.021 —0.379* 0.233 0.667** —-0.143
Cd -0.168 0.158 —-0.062 -0.201 —0.383* 0.220 0.733** -0.133
[24-26] Pb 7n 0.80
a
Zn Cd 064t
(QE) S b
e
Cu «Cd Zn Cu Cd g - 08
E &£ b
ARD )
=g 032t
—+ ﬁ\% &9
2.4 ~ 0.16}
) c
c
0.00 = —— - -
[27-28] 151 152 153 154 CK
RHEH
ARD ( SE LSD
[29]
1 1 2 P<0.05 )
TBF 0.002  0.013 mg/(kg -24h) 1 T ARKERMES A E KIS R KR A TR SR
(P<0.05) ARD Fig. 1 Activity of soil dehydrogenas-e in padd}_/ soils polluted by
ARD from Rongshui, Guangxi
ARD
Pb Cd
(GB2762-2012) (0.2 mg/kg)(  2)
Cu Cd pH NAG-pH Cu «Cd
1( 7 cd
( 0 Cd
2.5 Cu 46%
Pb Cu Cd Cu 50 mg/kg

/n
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Table 6 Correlation coefficients between soil properties and dehydrogenase activities in soils

Pb —0.019 Pb -0.098 pH 0.488%** 0.059
Zn -0.072 Zn -0.33 NAGPH 0.443%* NH;-N —0.341*
Cu —0.451%* Cu ~0.295 NAG —0.106 NO;-N ~0.094
cd —0.345% cd -0.289 ANC 0.125 0.275
As —0.188 As 0.584%* SO; -0.32 0.247
Hg —-0.312 Hg ~0.034 TFe -0.21 -0.067

Fe** —-0.188 0.130 Fe** —-0.214 —0.475%*

uf o all okik
0. R . [ ﬁhjoo
(A) (B)
a a
16} a 160

— N
£ 12} a 120 a
2 E b N
= 8t a ‘E’ b \

2 = 80 b i a

N a \‘ b ‘\ h
a0} O RE y P h b N b
¢ NGH N :
Fudf j !

Cu (mg/kg)

SE LSD

Cd (mg/kg)

P<0.05

B2 I ERKEET AEKSRKERPKBENSEN Pb. Zn, CuflCd
Fig. 2 Concentrations of Zn, Pb, Cu and Cd in rice grown in paddy soils polluted by ARD from Rongshui, Guangxi

KELHKBRBMEERHNEERY

Table 7 Bioaccumulation coefficients of rice root to heavy metal in paddy soils polluted by ARD from Rongshui, Guangxi

®7T T ERKERMEE A KK

RS

Pb Zn Cu Cd

2 0.16 a 0.44b 1.67 a 331c¢
0.09 0.25 1.17 1.36
0.22 1.06 2.39 6.00

3 0.30a 0.74 ab 143 a 5.65b
0.07 0.29 0.69 2.53
0.65 1.11 2.31 9.00

4 043 a 0.63 ab 1.74 a 4.77 be
0.13 0.31 0.78 2.36
1.42 1.22 2.70 7.14

CK 0.32a 0.90 a 1.09 a 834a
0.18 0.62 0.70 4.50

0.44 1.13 1.52 10.60
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Response of Paddy Soil Polluted by Acid Rock Drainage
for a Short Time

DENG Dongmei, QIU Yulong, WANG Yinxing, YI Min, SUN Yufei"

(College of Biological and Chemical Engineering, Guangxi University of Science and Technology, Liuzhou, Guangxi 5450006,
China)

Abstract: To provide bases for paddy soil restoration polluted suddenly by acid rock drainage(ARD), a field investigation
were carried out in a paddy soil polluted by ARD for about 1 year in Rongshui, Guangxi. The soil characteristics including
acidification, fertility parameters, activity of dehydrogenase and the accumulation of Cu, Cd, Pb and Zn in the ARD-soil-plant
systems were monitored, and the relationships among these properties were explored to find the pollution characteristics. The
results showed that pH of ARD was 2 — 3, while Cu and Cd in ARD were even reached 8.53 and 13 times of the standard V class
of national water standard. There was different Cu accumulation in the polluted soils, and the pollution in site 1 was most
seriously, as Cu (64.0 mg/kg) in the soils were all exceeded the II class of national soil standard (50 mg/kg). While, the heavy
metals absorbed by rice were mostly accumulated in roots, and the metals in grains were lower than the National Food & Health
Standard. Varying degrees of acidification and degradation of soil function were also found in polluted soils. For example, pH and
the net acid generation (NAG) in site 1 was 3.5 and H,SO, 11.27 kg/t respectively, while dehydrogenase in the soil was as low as
TBF 0.002 mg/kg,;-24h.The contents of total Cu and available Cu were both significantly correlated to pH, NAG-pH, Fe and
SO7 in the soils (P<0.01). Moreover, the available Si and conductivity of the soils were both significantly correlated to Cu and
Cd (P<0.01). These results might provide bases for the remediation of similar soils.

Key words: Acid rock drainage; Paddy soil; Short-term pollution; Heavy metal



