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Fig.l Simulated rainfall leaching experimental device
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Table 1 Grade of soil heavy metal single factor pollution index

£33 CF VYRR
1 CF<1 (ISEES
2 1<CF<3 5L
3 3<CF<6 i5Y
4 CF>6 EREES
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Table 2 Criteria of the soil heavy metal geo-accumulation index
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Table 3 Criteria of potential ecological risks
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80 < EL < 160 W 300 < PERI < 600 Gilis
160 < E. < 320 B
PERI > 600 fRay

EL>320 JUE

2 ZR5vhHe
21 AFEEHREETRUEEPESERERNE
2.1.1 /NF

Ref TR X T 4 IR O T AR TR 2 (CAnHE AR TS
PR BRALAE ) 2 RN [ 2 (AR TR R pHFIR4E
] ) 2200 NI IE T g P R AR S R
FA . DRI TP NIFIAS T R 1~32 hZ [ 4¢2E |- 7t
Ik B KA (Kl2a,2d) , 47511°50.55510.64 mg/L, 5 fifi
BF RIS AN FI As B m B RS T B 3 FES 61 A A
BARAE (Ni=0.17 mg/L , As=0.22 mg/L) ., & Cu,
Pb & i AR S NiZE B AR Rl 9 AR fh k34 (1 2b L 2f)  {H /2
CufE4518 hitf 35 %) Fr KAH (8.06 mg/L) , PbESS6 hitf ik
F KA (0.24 mg/L) o JEHIE T Zn & B AEW) bR i A F)
KRB (1.70 mg/L), Bl TF46 28T % T 7E454 dik
PN ARAE , (B AE4 d 2 )5 Zn 5 BT 4R /IR B % 3 (&
2¢) . UEHE T CAS SR R R B SR AR (E2e)
Sy IEEEET dRNEE4A3 dik 3 K AH (0.008 mg/L) .

25 LRk UE R NI Cu  Zn | AsFIPb % 1 fifi i)
[EHE TR , BIFEMRDE A 36 1~2 dik B i KAH, J5 3%
W THRaE . BRCALASN , HoAth 1 45 Ja8 TE Ik U ) 01 R ik
SRR, SR PR R [ RN S B T - S OB R T Y B 4 R
R, R AT p HARAR , 7 4 Y BHES 7 (e Mg™ |
Ca™ %) 5 1 43 8 J0 3 & A B 400 SO0 T (o v 11 ARl
T 98 VR A C d ] 982 3l B B oA ik 3 AR iR
Ao TEpHN6.8M/NFIMRIE T, U8 H R pHAE W] fR i TR
HIERE6. ST B I IF ik 2 Fe e (EI3) , XA
SERS RN 10 d(7.23~7.43) . MEE13 dFF LG 352
WEs R pH—HEH E FERMSE . X rTieZh T
BTSRRI T HEAL TS e i
HEVIBEREA B, IE 77— A LR, S B0E i
FpHIEAR! O FEFRATRRT IR 72 2 AR TS )
HpH A 7.34 AU o2 LUA ALY BRI ER AN 071
RERAYA A AFITEA BT IR R ik 5L 7
WY, A AR HRRIRE T, DRI, 8 H pH I 5
2.1.2  JERsERFEK

T B A R KO A R e p ) B R PN R AR
0~90 ming: | FH#a% (K4a) , Ik K {H (0.23 mg/L) ,
B 5 WA AR TR 2 (0.10 mg/L) o JEH P Cuy
Tt B AR E B ) S22 S T R S AR AR ke B (&1 4b) o U
O Y Zn FTP B i A B G 8k B R KR
(Fl4c 4f), 23 51°40.98F10.03 mg/L, Ji Btk s a4
MFEAL. EAJRAsFCAE BEEHS 120 minf g H i



55334 fif 2555 RRDIRE RIS T MR 5 6 i o 4 SR BRI L RS fb 5 A 25 AU 443

0.60
8.00
0.50
I 36.00+
5, 040t S
£ E4.00
E 0.30F =
Q L
020} 2.00
0.10 L~ ' ' L L L ' L ' ' L L L ' 0.00 ' L L L N ' L ' L L L N N '
1h 6h 18h32h 4d 7d 10d 13d 16d 19d22d 31d43d 61d 1h 6h 18h32h 4d 7d 10d 13d 16d 19d 22d 31d43d 61d
WIS i) IR )
2.50
d
2.00f /\
% 1.50} /0/ \\
—@ ) AN
E 100} ¢ \ .% )
: e A
N 0.50f Q\/ N\
0.00} \0
lh 6h 18h32h 4d 7d 10d 13d 16d 19d 22d 31d 43d 61d lh 6h 18h32h 4d 7d 10d 13d 16d 19d 22d 31d43d 61d
0.010 IRIE T ] IR )
: 0.28F f
0.008} ® ° 021 0
S /8 a”
300.006 } 00,14
g g
5 0.004} A ® S 007
Q / /,. ) =0 poal A ® O
0.002 of % ® 0.00} ¢ ®-9o-¢o 0-0-0-0-0-0°
0 S 6h T8h 32h 44 7d 10d 134 16d 194224 31d43d 61d Ih 6h 18h32h 4d 7d 10d 13d 16d 19d22d 31d43d 61d
IRIE T ] IR 7]
P2 /INFR RS T U8 R T 4 IR 1 dek B R) AR Ak
Fig.2 Variation of heavy metal content of filtrate under light rain drenching with time
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Fig.4 Variation of heavy metal content of filtrate under short-term heavy precipitation leaching with time
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Table 4 Changes in heavy metal concentrations in composted

sludge before and after leaching at different rainfall intensities

RS A[E)PET R NI SRS e CFANL,, M
Table 5 Evaluation of CF and I, of composted sludge after

leaching with different rainfall intensities
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Table 6 Evaluation of potential ecological risks of composted

sludge after leaching at different rainfall intensities
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Characterization of Heavy Metal Release, Transformation and Ecological Risk
in Composted Sludge under Simulated Rainfall Leaching

HE Yun'**, YANG Haiquan'***, ZENG Guangneng', YANG Cheng', JIANG Lujia**,
HU Senhua®’, DU Lifen*’

(1. College of Eco-Environmental Engineering, Guizhou Minzu University, Guiyang 550025, China;
2. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang 550081, China;
3. Guizhou Province Field Scientific Observation and Research Station of Hongfeng Lake Reservoir Ecosystem, Guiyang 551499, China)

Abstract: Land use is the main way of sludge resource utilization and reduction disposal. However, rainfall, irrigation and other leaching
processes will lead to the release of heavy metals from composted sludge into the environment, resulting in soil and groundwater
contamination. Therefore, the analysis of heavy metal precipitation under different rainfall intensities before land use of composted sludge
can help to determine the application rate and risk regulation. The results showed that (1) heavy metal leaching concentrated in the early
stage of leaching and stabilized with the increase of rainfall duration, in which the concentrations of heavy metals Ni, Cu, Zn, As and Pb in
the leachate of the short-term intense precipitation were lower than those of the light rainfall. (2) The vertical migration of heavy metals is
mainly affected by rainfall intensity, rainfall duration and leaching amount. Heavy metals were mainly transported to the depth of 20-25 cm
under long-term light rainfall leaching, and the unstable elements Zn, Cd and Cu were more likely to be leached out. The vertical migration
of heavy metals under short-term heavy precipitation leaching was not obvious. (3) The ecological risk indices CF, Iy, and PERI showed
that Ni, Pb and As in composted sludge were of low ecological risk, but the ecological risk of Cu was the highest under long-term light
rainfall leaching, and the ecological risk of Cd and Cu was the highest under short-duration heavy precipitation leaching. Therefore, the
land use of composted sludge needs to strictly control the applied amount to reduce the environmental ecological risk of Cd and Cu, and pay
attention to the heavy metal pollution from rainfall leaching.

Keywords: composted sludge; rainfall leaching; heavy metals; transformation; risk assessment



