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In-situ remediation of a multi—-metal contaminated acid soil using organic—inorganic mixed amendments
——Evaluation by heavy metal fractions and phytoavailability

70U Fu-zhen'?, LONG Xin—xian", YU Guang-wei', HUANG Li-min', ZHAO ren—xin'

(1.College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2.Donglee Environmental Co.,
Ltd., Guangzhou 510335, China)

Abstract:In this study, a pot experiment was conducted to study the effects of mixed soil amendments containing zeolite, limestone, phos—
phate rock, and farmyard manure on soil pH and the phytoavailibility of Cu, Zn, and Pb in multi—-metal contaminated acid soil collected from
the Shangba Village of Shaoguang City in Guangdong Province, China. The results showed that four types of mixed amendments significantly
increased soil pH(0.52~1.76) and reduced the bioavailable Zn, Cu, and Pb concentrations in the soil by 70.92%~99.29%, 69.47 %~
98.45%, and 67.22%~99.17%, respectively. Moreover, there were significant negative correlations between soil pH and bioavailable Cu, Zn,
and Pb contents. In the control group(CK), seed germination and growth of Brassica campestris L. and Lactuca sativa L. were all largely in—
hibited and shoot Zn, Cu, and Pb concentrations were higher than the National Standards for Food Hygiene. However, all the plants were
healthy and shoot Pb, Cu, and Zn concentrations significantly decreased in amended soil. Moreover, the heavy metal speciation analysis re—
sults showed that the Pb, Cu, and Zn exchangeable concentrations also decreased, while the Fe—Mn oxide—bound concentrations increased in
amended soil. Therefore, the application of mixed amendments increased the soil pH and promoted the transformation of heavy metals from
the exchangeable fraction to the Fe—Mn oxide—bound fraction, and thus, reduced the bioavailability of heavy metals. The mixed amendments
can be used for in—situ remediation of heavy metal—polluted soil in the future.
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Table 1 Basic properties of the soil amendments

SR mgp'}:g" mgc'uljg" ng'nljg" ﬁg?yl}gﬁ’ﬁ' : pH
b 4.00 135 16.58 — 9.73
WA 4 90.09 14.18 232.47 — 7.65
BELERRAL  13.98 3.19 80.89 — 8.03
hr 11.33 41.64 112.83 43433 6.60
g 2.38 11.27 40.81 416.10 7.02

R 2 ARTH LY RFAVEHEAKF (g ke™)
Table 2 The treatments in pot experiment and their amendment

application rates (g-kg™)

AbE PG ARG PRI BERORY FE2E A
CK 0 0 0 0 0 0
PemM 4 2 3 0 4 0
PemMe 4 2 3 0 0 4
PrM 4 2 0 3 4 0
PrMc 4 2 0 3 0 4
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B 1 AEREMRFIR L% pH ErR I

Figure 1 Effects of different mixture amendments on soil pH
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Table 3 Effect of different mixture amendments on soil available Pb concentration

e BN 22 Al A2 A2 22 B
Pb A mg kg WDHI%  Ph AR mg kg W% Ph AR mg kg W% P A YA mg kg W%
CK 29.36x1.31a — 26.58+1.40a — 25.74+0.72a — 23.27:0.63a —
PemM 0.36:0.14c 98.78 0.44:0.06¢ 98.36 0.48+0.06d 98.14 0.430.07d 98.14
PemMc 0.210.08c 99.29 0.65+0.14c 97.55 0.45+0.04d 98.26 0.27+0.02d 98.83
PrM 3.95:1.02b 86.56 7.16£0.69b 73.05 7.48+0.34b 70.92 5.39+0.43b 76.85
PrMc 3.9120.74b 86.68 6.18+0.35b 76.75 5.11£0.28¢ 80.13 4.04x0.34c 82.65

T R B A bR UE 2 (n=4) , R Duncan 21 HA, BA N R FRER B ] 22 57 . 35 (P<0.05) . FIAl.
Note: Data are mean + standard deviation (n=4),Means followed by different letters are significantly different(P<0.05) according to Duncan’s multiple
comparison test. The same below.
R4 FRARABRFIX LD Cu BRESEMNRI

Table 4 Effect of different mixture amendments on soil available Cu concentration

e il MR Al TR A2 M B
Cu A0S mg-kg'  WHI% Co AR /mg kg WDHI% Co GG /mg-kg' WOH/%  Cu AR /mg kg DA%
CK 9.17£0.37a — 7.65£0.23a — 7.10£0.26a — 7.38+0.12a —
PemM 0.14+0.02¢ 98.45 0.20+0.07d 97.38 0.18+0.02d 97.42 0.28+0.14d 96.20
PemMe 0.16+0.06¢ 98.29 0.16+0.05d 97.85 0.17+0.02d 97.55 0.16+0.03d 97.82
PrM 0.81+0.14b 91.13 1.76+0.56b 77.01 2.17+0.11b 69.47 1.38+0.18b 81.31
PrMc 0.62+0.05b 93.28 1.19+0.18¢ 84.48 1.00+0.07¢ 85.98 0.86+0.17¢ 88.31
x5 ARBABRFX LEF Zn GRS EHT M
Table 5 Effect of different mixture amendments on soil available Zn concentration
st e R AL W A2 W B
In HEEImg-kg W% In ARES/mg-kg WHI%  In TGS mg-kg" W% In HRHES/mg-kg W HI%
CK 22.30+0.97a — 25.47£1.79a — 21.19+£2.43a — 26.37+3.44a —
PemM 0.18+0.01¢ 99.20 0.24+0.05¢ 99.07 0.66+0.04d 96.89 0.66+0.11c 97.49
PemMe 0.19+0.06¢ 99.17 0.50+0.12¢ 98.05 0.48+0.02d 97.72 0.62+0.07¢ 97.63
PrM 3.91+0.13b 82.45 5.75+0.61b 77.41 6.94+0.73b 67.22 8.39+0.58b 68.18
PrMc 3.39+0.19b 84.81 5.53+0.98b 78.27 4.66+0.68¢ 78.00 6.61+0.95b 74.93
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Figure 2 The percentages of heavy metals fractions in soil

after harvesting plants
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24 BAMBRFIMNTREERKZNE

FEXT IR 1 b 55— 1300 I 22 30 & 2R
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PEE AR I e BB AR KBS SRR, g
LR A RIS I35 A A, AR B
WS B RIS, Mk i A R
KAEALFE PemM Fll PemMe 24 R 148 1 AR BE = B A
Hi b6 A S S A B PeM AN PrMce(3E 6) . [H]
BF, 28 REAR ) (I A2 2 A2 R 22 3¢ B) A S4B
W —HAEY) CGROFIHZE SR AL) T BIRE = FlHE
R R E R TIRA (F6),
2.5 BRAMBHIXEYH LHESESENTM

TEXTRE 3 |, SO ANMZZ SR 5B Ph Cufl
Zn TR E FFRME(GB 2762—2012,GB 15199—
1994) #E R EFRRME (Pb Cu.Zn & F RIS 51H
0.3.10.20 mg-kg™). 4 FhICHL-A VLIRS R 40 BE
T 5 AR S B Ph (Cu Ml Zn 15 Y
T ER &M ebrEr) A, 320 M —Hm
SR B E8 Cu & s B E K & sk, {2 Pb.Zn
AR T E R bR ERRIE(ER 7).

4 Pk A e R BL(FE 7) 5 A BRI A TR
Ak B (PemMe F PemM ) 76 410 i 32 .0 F 3 22 32 %6t
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Table 6 The plant height and the shoot fresh weight of plants
TiH pisiy BN A3 Al A3 A2 A3 B

FR#i/em CK 9.16+0.43¢ 9.50+1.64d 14.77£1.33¢ 21.27+1.42d
PemM 32.00+16.26a 37.73+1.86a 42.63+2.53a 39.83+2.57ab

PemMce 23.50+7.15ab 37.03+£3.96a 40.38+1.89a 41.63+2.12a

PM 20.00+4.69abe 24.63+4.85¢ 29.15+2.98b 35.40+1.05¢
PrMc 15.33+1.53be 31.03+2.21b 40.10+1.18a 37.75+1.82bc

fif 5i/g+ pot™ CK 1.56+0.01c 2.41+0.38¢ 4.68+0.60d 8.56+0.58¢
PemM 17.13+1.89b 35.31£1.57a 85.41£10.93a 83.83+5.58a

PemMe 27.32+4.81a 38.43+4.95a 63.43+5.36b 73.50+7.64a

M 18.02+5.34ab 15.63+3.86b 25.03+4.33¢ 43.26+5.57b

PrMc 5.08+1.51¢ 14.00+5.53b 54.19+8.26b 76.37+6.76a

®7 @Y LMEESESE(UEET, mg-kg)
Table 7 The heavy metal content in the shoots of plants(FW,mg-kg™)
EEEA LIS 4k ol AL AL A A2 MAEZE B

Pb CK 1.29+0.07a 1.86+0.08a 0.72+0.13a 1.34+0.05a
PemM 0.17+0.00b 0.66+0.09b 0.11+0.03¢ 0.15+0.01b

PemMe 0.37+0.02b 0.42+0.07¢ 0.14+0.04bc 0.14+0.05b

PrtM 1.19+0.33a 0.69+0.07b 0.22+0.04b 0.19+0.01b

PrMc 1.16+0.08a 0.72+0.16b 0.23+0.07b 0.16+0.03b

Cu CK 11.19+6.42a 2.67+0.02a 0.88+0.12a 1.38+0.25a
PemM 5.17£2.27a 0.82+0.12b 0.45+0.11b 0.47+0.09bc

PemMc 7.71+4.44a 0.60+0.31b 0.49+0.05b 0.31£0.13¢

PrM 5.42+1.58a 0.44+0.07b 0.56+0.09b 0.70+0.17b

PrMc 8.31+4.78a 0.71£0.27b 0.52+0.06b 0.51+0.05bc

Zn CK 57.94+4.58a 40.29+0.41a 42.14+6.68a 63.85+2.57a
PemM 12.22+4.71c¢ 7.26+0.95bc 2.27+0.44¢ 4.92+0.70b

PemMce 12.80£7.15¢ 5.47+1.47¢ 2.18+0.34c 4.85+0.65b

PrM 24.21+4.90b 10.64+2.49h 8.80+0.25b 11.07+0.86b

PrMc 24.85+2.06b 10.59+2.77b 4.81+0.20¢ 8.42+0.63b

REJT, s fE F B 4w AR AR AL W s R R DT YE! . AH
KBS b B, £33 Cu Pb Fl Zn (A S HEY
+- 58 pH {2 B UAHDC, SETA RO 5E 45 R AR,
i 4 FOCHL-AHIEA R RAE, T3 pH (HIS R
4, Pb Cu Zn A RS 5 1 40 I AR 70.92% ~
99.29% .69.47%~98.45% .67.22%~99.17%. 7] REM 5
PR, B -4 pH (E A4y, - B AS0RE 2R 1T 1Y) 171 HE
ap N, S BT 54 8 25 I W B 2 1S R, AT
i - b E 4 IR R AN A A SRR, BRI
Z A0 TR AU R R R TE AU R A X AR R 4R A
R BA —E ERT, JUHUZEE P BRCR
BE . SHMENRE P RTLIS Ph A iR B B
SR UTVESE , B KRR e A ™ 8 w] LAY S
pH, IF H AR R A B 1SS RE 7 , REAS i 1o 25 58 4

U4 d U e e w3 s e SR G
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