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Abstract To geveal fhe speciation and pollution status of héavy metal(l(nd) (HMs) in the dewatered sewage sludge(SS) of municipal wastewater treatment plants( MWTPs)
in China, S8 samples were collected from 40 MWTPs located in different regions of China. The total concentrations and geochemical fractions of As, Cd, Cr, Cu, Ni, Pb, and
Zn in the,SS samples were analyzed. The ecological risks induced hy HMs in the SS were assessed hased on the toxicity characteristic leaching procedure ( TCLP) , risk
assessment code( RAC) , and potential ecological risk index (RI). The median values of HMs in SS followed the order Zn > Cu > Cr > Ph > Ni > As > Cd. The general
attainment rates of HMs in SS were satisfactory( >90% ). As showed a generally even distribution among all the fractions; Cd and Zn mainly existed in the reducible fraction;
Cr mainly occurred in the residual fraction, followed by oxidizable and reducible fractions; Cu mainly occurred in the oxidizable fraction; Ni occurred mainly as exchangeable
forms; and Pb mainly occurred in the reducible and residual fractions, with its exchangeable form being the lowest fraction. According to the RAC method, the environmental
risks induced by HMs in the SS followed the order Ni > As >Zn > Cd > Cu > Cr > Pb. The ecological risk of Ni was high; Zn, As, and Cd had a medium level of risk; Cr and
Cu had a low level of risk; and the risk of Pb was negligible. According to the RI method, Cd and Cu showed the highest potential ecological risk, indicating that these are the
primary HM pollutants in the SS. However, if the agricultural application of SS is carried out in accordance with the national standards, the overall level of risk from soil HM
pollution is considered relatively low.

Key words: sewage sludge; heavy metal (loid)s (HMs) ; ecological risk assessment; toxicity characteristic leaching procedure( TCLP) ; risk assessment code( RAC)

[ R T TS A B BE T BE R SR AR Bt o AR O H AT EUECA W51 T BiE JR AR T I

Jr T R . AR 2019 4F B A R T IE K Ab B
J7 9653 JE, V5 K &AL B RE A 2.72 x

Sod M ARG KA B AR A V5K R A A
B F Y T A O 0 L RS BTG e, i
LG KA FR )T AT Ve R T R ANHE. TS I AE A
T KA ER ) BRI PR, P e RS e
2015 4 [E F= A i 5 e bR (T ) i 6.03 x 10°
DR S TR G A B R Ak A TR R — AN B R
Pk

HRPEAMREN N, P, K LA PLUREE T

Ey5Je b & A MERE AR A LY . B EA EY)
JO, A A BN R 23 o 3 k5 YT EBR
S AR R RS H AU T H A, R
JE b3 HRAP A 52 PR e 75 1 v o 4 I 114
BT AR U H B A OFFTAE SRR i T

Wi B HE: 2021-01-18; fE{THHA: 2021-03-17
E&WA.: ERAKRPFIELTH (21605060 ,21377035 ) 5 W M4 &
S A E S RHIE H (20A610006)
EE R BRI (1991 ~ ), 2 W 0E o AR, 2B 58 7 1] K5
Be il £ R | E-mail; 111603010003@ home. hpu. edu. cn
= WEEH , E-mail ; yuxiangmao@ hpu. edu. cn



10 #4

HRIREAT . T 5 8 3 A I 28 5 AR S XU TEAR

4835

Jerh Zn EELIATE SIAAE, 5 BRI 70% KU
BRI Cu W BRI AT S AR, ORI A T
A TP ER A AR e, P A As SRR
SRINTC R EE LR E SAAEN D X SR 5 24 X
JryF DX B A 3k T 9 3 e, X T 4 [ R N T e
G IR T S A AR DL, 1 A DA DG HfE.

XF 95 8 A TS Y AT R, AT LA s ey
15 G B AN PR AL R I A . AR 2 23 AN W)
FARESE T 2 Fh G R V5 Y PR O ik L AN DU 4
A B R A 5T R S 0 M B B ARFE T (index of
geo-accumulation, I, ). W 1 % 1§ B ( nemerow
pollution index, NPI) | ¥ 7£ A= 25 KUK 8 %X ( potential
ecological risk factor, ER )™ FI X [ 48 %5 ( risk
Index,RD) "™ 45 ik DA 4B IS MBS0 210
USSP 4 5 5 (risk assessment code, RAC) ™ Fl
FEE K W IR B 75 (toxicity  characteristic  leaching
procedure, TCLP) 4. Hirfr | iﬂ)ﬁﬁ%%ﬂ?’é%&%l%ﬁ'ﬂ
T TT 2 | SN AT B FR B R, (10
B 4 R VR AR S . A A A KU R AN i
e — T TR T YR, 3 I 2 % e
%%éﬁ@ﬁ%ﬁﬁﬁ@ﬁﬁéﬁﬁﬁ%%ﬁ%
NS it R PR . T RAC 2L 3
i?ﬁ@?&ﬁﬁ@ﬁﬁ‘],ﬁ%%ﬁilﬁ@%ﬂﬁﬁ/ﬁ@ E‘J%‘ﬁm
KIS ZTCLP S S el V5% i I

FAIRE 5 0 - 0 p I 55 B P IR 1 36 WL 1 (B

A D R AR 7], B4 2t 0 5| [ e
T4 TR A7 21 25 VR B 7 16 M 2 A 7 v A7 45
2

AT XT 40 A~ 15 K A FE T K 75 U8 BE A
As, Cd, Cr, Cu, Ni, Pb Ml Zn (Y& B IEATIE. K
FA BCR 342 B0E 4 BT 715 U rh 8 4 Jad 10 W A7 45
i FERCSER [ 43590 5% FI 3L T 55 40 A o Bk (8 72 21
AR LT E S RIE SR TCLP %L H1 RAC ¥,
T T T EIR TS IR 7 Rl 4 R ok AR G 18
TESE 3. ARBFST A 5T BT M 1Ak 1 % 8 38 [ ook i
75 8 R T 4 15 2 R A KUK L T TS
VBT 42 R 15 B I R T VS U A Ve AL A A 4
(Rl 4.

1 #Me5EHZ%

1.1 FEACREE

AT AT Ve R il (7K 80% ) R AR T4
[ 40 AN, B 55 30 A8 1y, BE SR SEET R A
2016 4F 4 ~8 H , BLARKFE SR IR IR T 5 STk [ 20 ] 3
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T GERRIXAE 130°C F A 1 ~2 h, 28 & Z 4K
iz % 2% MRS SRR B2 50 mL, Z )5 il
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Table 1 Mictowaves operational paramelers":. i
L S W fKF 11/ i
Ry s &) . 240 07§ .
e 4 00 it
Fhi 2 L% 1400 10 4
17‘;&%2‘,"[* 11400 20 4
A 1 400 30 o
K2 ICP-MSHITIESH
Table 2 ICP-MS parameters
WiH E 2 JLHE [ 2
B AR R/Lemin 7! 18.0 In( WFR) 115
S B /L min 7! 1.80 As 75
ZAb AR /L min ™! 0.88 cd 111
RF T)#%/kW 1.45 Cr 52
Rl S A H, Cu 63
TR SRS it/ mL - min ! 50 Ni 60
Pb 206, 207, 208
Zn 66

1.2.2 5l EEE A S REIE

15 URE T E A B T A BRI BT R R
BCR 2 A4 H0E > K 5 4 R A4 Rl S8 i 5/
K, BREMA(F) , TR R (F2), il H S
(F3) Fzkit 4 (F4) . BARSR O IR 5 SCHk[ 24 140
[F), 4 FpAS [R) 8 25 A0 B BOVE v o 4 J vk B2 35k
ICP-MS #&:.
1.2.3 5RAHB A L5 E 4R & =
TR

FR 4 A FH 5 Ve 75 4 W 45 6 A 1 (GB 4284-
2018) HRRLE , Vo le A s 3 o v AR & 2t
AFHEBL 7.5 tohm 72 ELH AR S a. 218
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Ao, T, A m® A AR S kR
AR, A SCHC T m? 5 h 3575 HHERER VRIS B 20 cm;
p NTIEBREE 2,65 g-em 5 Q NI IRA RS,
ASC AR Kt FHEE (7.5 t+hm > x5 a) ; K N+
HER VRIS VR I FL )5 T, 4557 J7 K 38 1 i it
CHERAAE HHEh i TEM AR, C NILE
TET5 U T 1 S 5 ik
1.3 Tl S e i

() BF AW RS . 2502 . 2R A
H,0, ¥4 MOS 2, ft /K A aliK. |

(2) 2 FURE R RIPATRE SR A HT At Ul
U 3 AN 1, BERE S — AL A A I P SE
Yo Bt h A . | Wn /e

/A AU FIA R 20% 1 % S R
B3 TAT B AT 44 0 R X i 8 28
ARG, AT R I S I A X O 1 2 287 /)8
T 159 | fr e )
(3) PRHES Y AT 5E e 8 + OR300
HEARifE P05 (GBW 07449) | WP W1 B 145 43
PRUEMI T (GBW 07423) | 7K R VTR L3 3 Wi
HEY) 5 ( GBW 07307a) AT 1 30 B W b o 49 I
(ERM-CC 580) . REHEEE S 0 AT AR UES H Y 1Y
BEE 3 A TATRE A BT A5 0 S 80% ~
114% .

L4 ASKETEN 7%
L1 BRI
TEAE A 25 AU P 125 PR B 27 Hakanson $2
TR S U T Y I HOK BRI 25 X
0 Ay — AT e 7 ) 3% 3 2o 5
SRR i A7 BB 0075 e B EA T i
g 5 RO O A SR i B | S W LA o
SO 4 8 O A A5 TR 1 2555 . T 4 R R 7 U
SEBORAE H: 25165 RO bR UE WL SCHR 25 ).
HtE A

C. = C/B, (4)

E. =T xC, (5)
o, € WA AR AV AR AL, € HTEE
1675 8/ b i SIS T G AV
TEAE S U R T, AT 4 8 15 e 0 a3 1
MR S8 (A Cd, (CF, Cu, Ni, Ph Iz fe b
NS H 0 (30, 2. 5.2 5 1) TS B,
Iy PRI R A (BB S0 A BRI
Fe [ 4545 ST B AR 15 5 B (R
FPll e Bt 4 AT 48 23 T+ M U 3

hswl/ €|y & e
e B IR OB R MR FE R AT
2. A ) '~ 4
Rl = Y E,

1.4.2  RAC U PP g ik

RAC BRI ik R TELEBES
ST B EE 4 VA KU PR B T T 1985
AEFR Perin 250V MY W5 4 8 P I 4 R A SR8 X
B, IR FH 4 Ja A 2 JE 25 v 1 AT 38 4 2 s i m
PRSI G S R E A Ok HE  FERIE T RAC
VPN FE bR B 53 FRAEL, L3R 3.

#3 RAC REIF N4 HE

Table 3 RAC risk assessment scale

S5 R T R U S AT L ) <1% 1% ~10%

10% ~30% 30% ~50%

IR S5 2% {iS

H

[

1.4.3 TCLP %

TCLP /2 E RS T R iR IE R L2
FE,Seh Ty ULSCHk [ 31,32, FUAR AR BUL B .
FRER 0.5 g 15 UERES, LA 10 mL $2BGH] (B LN
1:20),LA(30 +2) r-min "' B EEH IR F IR (18
+2)h, B0 g, 4CHM MR RI, SRR
)R SRR ICP-MS K.

2 ZR5WR
2.1 FRETEIEESE GBS
TR 40 IR ARG VSR AL FE ) TS R 4R

As. Cd, Cr, Cu, Ni, Pb fl Zn & (G452 0L %
4. 22 K-S K, As, Cd, Cr, Ni F1 Pb 43 #i S0 2%
G340, Cu Ml Zn Z3 A0 B XPECE 5346, 5 P & 4
J& A HE E B 9N . Zn > Cu > Cr>Pb > Ni >
As > Cd. & ICH 972 5 R B, Ud AN ) b X4
TGP EH AR ) & 22 K.

ARBFFEH 40 YRI5 Je ke As FPh 5 i
PR A 3k 3l Y5 K A BT G W HE PR HE (GB
18918-2002) ML FR{E ; Cd 1y & M 7 R E 1 3%
B RRAEL, (ELAS 8 2o i 1+ 3 B BRE; Cry Cu, Ni I
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Table 4  Statistics of HMs contents in the SS samples(dry weight)/mg-kg~

1

5 weE
As Cd Cu Ni Pb In
I 20. 8 1.66 1. 80 x 10? 1. 63 x 10? 51.1 44.5 6.09 x 102
b2 14.4 2.07 5.55 x10? 1.40 x10? 76.9 28. 1 3.72 x10?
o] 73.1 10.5 3.58 x10° 7.57 x 10 4.76 x10? 1. 63 x 10? 2.08 x 10°
Fe/ME 7.23 0.27 28.6 35.6 14.9 18.2 2.38 x10?
LREDAL:) 15.9 0.97 72.3 1.29 x 102 31.3 39.0 5.32 x10?
5 R % 69.2 1.25 x10? 3.09 x 10 85.6 1.50 x 10? 63.2 61.10
pH<6.5 75 5 6. 00 x 10? 8.0 %102 1.00 x 10? 3.00 x 10? 2.00 x 10°
GB 18918.2000 ZPFH/% 1.00 x 10 95 97.5 1.00 x 10 92.5 1.00 x 10 1.00 x 107
pH=6.5 75 20 1.00 x 10° 1.50 x 10° 2.00 x 10? 1.00 x 10° 3.00 x 10°
AR/ % 1.00 x 10? 1.00 x 10? 97.5 1.00 x 10? 97.5 1.00 x 10? 1.00 x 10?
Zn P& R T E R IRME. TV e P E A 0.20% ~ 5.13%., 1.95% ~ 33.00%. 11.15% ~

TR IR >90% (BRYE 1) 5L > 92. 5% (B
P+,
2.2 FREMTE R ESENRAAIES
AHFFERXS 40 NI V5 /K AL B )5 Y kR R
BCR MBI IEAELE & & M AREEFEZ
GIESE QIR R S INVIVE S iVRENC B - o ri AR PN )
Br, K B A AOG E R 43 9lh 0.92 CAsY),

0.97(Cd) , 0.99(Cr) . 0.93(Cu) | 0/ 97(Nif< ogéi'd

( Py, F10. 97(}Zn) [ AR A 85. 98%~1 10%2
], € B A B >R 1 2 BB 300 R 2 B0 TR B AL

A AL A5 T A0 fméﬁu |
{ PURATS IR Cu % LU A, B A

ﬁﬁﬁ’?mdﬂ*i"%ﬁ RIS p
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40 Ai}ﬂﬁ/mkiiﬁ%ﬁﬁd%ﬂhﬁlﬁlﬁﬁ
;5 VR BN 1 TR, TSR As Y
F1, F2, F3 fil F4 3X 4 BB b5 &0 b i 43
H5.67% ~ 59.30%., 0.87% ~ 68.59%. 5.78% ~
54.80% K 2. 44% ~ 87. 68%, %5 25 Fr o5 Lt 451 A °F-

VI K B/ B9 W F AR Ry F4(29.46% ) >
F1(27.30% ) >F3(22.99% ) > F2(20.25% ), 4 F
oA As O HEEON AT, U As 7ET5 RS AR
OIS PRI X TP 5 K T R K TS U8
HEBILESMFHEIATURSE, a5 As & IE
BIH SAM I HA 3L

Cd 19 4 FIEA S & =g e 430128 0. 61%
~33.37%, 45.21% ~ 98.16%. 0.27% ~ 31.65% #l
0. 13% ~25.26%, V- 348 1 K B /N (18 W MR R
F2 (80.49%) > F1 (9.64%) > F3 (5.11%) >
F4(4.76% ). ATLLE W 15 RHY Cd EZ LA IR 5
S, A SR e il T k. A %
B3 5 P DS =5 2 2 e N S0 sl SR 45 75 Y 1
PR UL AT IS Ve Cd BRI EE R AN

Cr (9 4 BiE 250 & i B3 50 L il 331 o

39. 14% 1 34. 61% ~ 80. 03 %, “F- X {E i1 K 2 /)N I
KM . F4 (58.65%) > F3 (23.91%), >
F2(16.47% ) > F1(0{98% ) , AW 178 1 et 22
DABRIA S TE , ZEF SR A0 T EREI AR S Ml A
AL IR R/ ,ﬁwﬁ‘fﬁt*(mﬁnj TJ%”‘
(F2) . ¢
1R, PV F4 iX 4 ﬁ:ﬂ%?& Cu 7 .5 cu
ik El’J LAY 29,0.03% ~ 23.16%, 2. 16%_;.--
34.42%. 40.71% ~,83. 09% 11 3. 57% ~28°12% .
i@{amﬂmj\m WURR H ;B3 (60.48% )
F2(21.65%) >F4 (15.82% ) > F1 (2.35% ) *13i ]

SpA . F X A S K AR B s R AR
FIIES A F 5 T R BRI LS Il F3 Fl F4
FITE 2550 A0 FL ) 5 Cu S5 1Y 68. 91%, HiAk ¥yl F

FHPEFIIE R 155
4 FEZS Ni S i A NG R & H a0

24.53% ~ 70.45%., 7.36% ~ 39.23%. 2.84% ~
19.95% F1 3. 90% ~ 55. 30% . “V- Y& b K3 /)5 149 15t
PR W M. F1 (42.36%) > F4 (27.22%) >
F2(20.84% ) > F3(9.58% ), F 3 UL ] &2 # & a2
AR, R R A5 (F4) MRl R A (F2) . s
LD R AT I T TS U8 P E 4 R BT S A B 5
ZERAERY], NI AT AC R 25 (F1) o S i Ll o
=, 15 Ni o R HA B p B A= 9 nl A
'fi,ﬁ??ﬂ%i?ﬁﬁﬁﬂ”%lﬁ_ﬁé%

4 FPIEZS Ph & iR P MCE B 2 B
0.01% ~ 3.33%. 11.81% ~ 74.26%. 4.99% ~
43.03% 1 13. 04% ~81. 09% . “F-H{H 1 K F) /1N It
FEAR U R F2 (49.07%) > F4 (34.82%) >
F3(15.65% ) >F1(0.46% ), EE LI B R (F2)
RS (F4) M AAE W] sc e 8 ) B i e fIK.

15IRH Zn 14 ML & Zn B8 S0 EL B 40
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Fig. 1 Proportions of various species in total content of each HM in SS
1 4.94% ~ 58.33%, 23.22% ~ 81.55%, 0.63% ~ R URHEELESHT HEELET RENS I

12.31% 1 2. 58% ~ 25. 39% . “F- 1 i K 20/ 4 it
K K. F2 (65.96%) > F1 (21.01%) >
F4(7.58% ) >¥3(5.45% ) , Zn F 543 45 75 ] 140 Jit
A R3S,
2.3 AT E AR AR AR S R PR
2.3.1  FREBHTTE VR T E A JE T A AU

iz B3R 45 3k T V5 U8 TR 4 R L G A

(AR 23l Tt AL 1 4 25 I T 4 8 o 46 I 8 5t
BB ) , K Hakanson ¥ 78 A 25 XU 28 #i ik it
TR 40 AT U 4 T R TV AE AR A KU P
#r, S A AN IR T B E, (AR5 B A E M,
HER K 2 R, £ HERITR E, FHEK RN
i A: Cd(317.73) > Cu(23.34) >As(14.10) >
Zn(5.75) >Pb(5.56) > Cr(3.38) >Ni(2.50). Cd
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Fig. 2 Potential ecological risk indexes of HMs in SS-
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KEMWHISR T ES)E As, Cd, Cr, Cu, Ni,
Pb Ml Zn M9 255 A S KE R E N F 84.69 ~
2351.33, FIME K 372,37, )8 T & B e AR B KK
X EZSEH T Cd A9 RUER & Ir B0, 3R 5 i
NHBR Y WO BJA L ME, REMSRN
R ABS 7 T R LB 15% . ZR5E . B
G, VELARNE T m R, S 12.5%. f1
T FIER IS5 21 IR TTJE T i SR XU, R 0
4 157. 87 ~287.82, (5t 52. 5% . il FHANPE 7255 8
ANl JE T RS, RL 5 BN 84.69 ~ 141,25,
hi bt 20% .
2.3.3  FEBLTTGIRA LA AR

T VA B, VR ) - 4 v 3 kR A 7 (1 B
FE |45 BT DAV VR P o 4 IR 0 3 A IRk e S e
A 2 IR VA i 22 A BF AR AR 5 5

BTG h 7 ME SR ITR NG

ro ‘ I A
%5 WHERAESENSSESRREY(R)Y | | i 4
Table § Compreﬂensive ecological risk indexes( Rl)“nf HMsuj‘Fi.JSS‘I ‘ N &
g Rl i) ORI isz'fﬁ = RI { kit 4 L RIV i} Rl,
“Ei'é . 728,85 Il 125,96 /1 4 E,H)‘-I 168. 65 Lm i o 28" [EES 373‘.‘.78'_,.---
At ©230. 88 E| 25590 WA 189. 82 AT | 157.81 1] “192.37
K& 25104’ W w70L 79 pll S 132.82 .‘%@{E 253.19 I 91030.37 o
Kb 651. 63 il 287,82/ 1L 84. 69 fE ik 108. 77 [iky 137. 3%
RS | 256. A9y WA 364 | A 21136 FM S 14125 Wik 2351.33
EPN | 249.38  [let ANE 135801 || BRREM 2 191.46 KIE 131. 07 1 401. 49
Kk '1968.45 | IERIEE 194702 |7 Fhe 264.50 R 104. 59 KM 321.54
i ;F 31200 it 185. 60 T 201. 20 v 212.91 Bty 282.99

1)RI <150 X", 150 <RI <300 K F & X", 300 <RI <600 K

I HIARE (GB 4284-2018) L , V5 Je 4 FH VR
P 4 AE T R 7.5 tohm 7 ESEAH
AR 5 a Ibrife, — A2 R KR 20
em, TIEE N 2. 65 g-cm_3 VA AR B T S
PR EHATIENE SRS & 25 AN 15
rh R 4 O AR T TR T T e Ak FH
TRIEAE S XU 255 & B, 40 NI 5 R A B A
JEIE N TR &R E, S IE R K/NBTE . Cd
(22.24) > Cu(1.63) >As(0.99) >Zn(0.40) > Pb
(0.39) >Cr(0.24) >Ni(0.18), I EAEJEN E,
(B /INT 40, Az 2 XU 45 235 2l < AR AR ™
As. Cd, Cr, Cu, Ni, Pb Ml Zn MIZEA SR RI
HAIFEFEIE 5. 98 ~ 164. 59 ], “FH4(E Hy 26. 07. 1L
AT R Hp AR XURS ARG, R 164. 59, AR BT
A HX A RIAEY/NT 150, )8 T RS 2 9. 5%
WG | B A T V5 YR 4 IR b A R bR vE R AT A
B, ¥ U i 4 o 4k BT G i XU B AR 1 Ak
FHARIKF-.

AR, RIZ600 4 B = KU

2.4 IHISRA TCLP RIS E 4R &+

AR X5V 6 FPE 4 & () TCLP $2 0
I EZERE 6 Uran. AWF5Ed, 40 ASIRTTTE K
ALBR T 5 Je A dh P Ph AR H e B 21K A U B
(0.64 mg-kg ") 5 A 12 A3 T T35 PR AE b rhoRs: ) £
T TCLP 24 Cd. f13% 6 A1, TCLP ¥:%F Ni [l
BBl , 5 B 3CT5 e Ni R E LA 2 e S X
FEAERZEIEAHIE]. As| Zn FIl Cd A9 TCLP $RBUGS & 5
B LA AR G AR, Cr FI Cu AT TR IR . Ak
F,IRE A5 I T TCLP ¥: A T 4 & 1 L 1)
FNF A . Ni > As>Zn>Cd >Cu >Cr.

it 5 TCLP #& B 5 4 J8 oo R 19 [ Frbr
{7 AT R, 40 AT TS K AR ER) S R AR R
TCLP $2HUE As & i I AREM AT 12 4, bR
R 30% 5 Cu MEHPREE RN E ], RSEIRF] T i
B, HBEREN 2.5% ; Ni @8I FRIEME A 25 1,
PR H 62. 5% 5 Zn M FRAEE A 35 4>, @A
KA 87. 5%, 1M 40 5UeH TCLP $EHUE Cr 235

-
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Table 6 Extractable contents via TCLP and over-limit ratios of HMs in SS
- w/mg-kg ! TCLP #2813  TCLP 424U [ By AR
e Fam /A e Hefsl/ % S % /mg kg~ /%
As 5.69 0.79 48.06 5.60 ~65.76 25.79 5 30
cd 0.23 0.02 0.87 0.81 ~22.73 8.31 0.5 5
Cr 1.10 0.35 12.24 0.29 ~2.46 1.02 0.1 100
Cu 3.13 0.04 45.86 0.04 ~12.98 1.50 15 2.5
Ni 30. 87 13.31 226.91 29.19 ~99.50 75.04 20 62.5
Zn 88.57 13.73 406. 15 3.90 ~37.93 14.39 25 87.5
bR s ZERII Y 12 A TCLP B Cd i1, 47 2 AN £7 RAC EERBABERNER"
Fﬁﬁm*ﬁ‘%& I;E,ﬁ , %wﬂ;ﬁ1ﬁ;$ﬁ 5% . I—H: , %:J:% Table 7 RAC assessment results of HMs in SS
N . . N— v b s T u 1 n
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RAC B IR DUBU R & B i AR A DY . M it F o
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A S B SR A U™, o T R Y 2. 5%
JE AT EE 6 AT V5 PRk R < AU
AR 15% 5 BRDUFHT AR5 28 N 15 R FE i
Sy HR RIS, 5 T A AR Y 70% 5 ILFH | A
22N TS AR AR i 12.5% .

40 MG KA IR TG R EES R, 7 PR E AR
RAC F ¥ {8 K /MK K . Ni (42.36%) >
As(27.30%) > Zn (21.02%) > Cd (10.99% ) >
Cu(2.35% ) >Cr(1.03% ) > Pb(0.46% ) , % ¥
INE—EREE PR T 7 FhEE &8 A S Ff a5
RS B B AR, Fe BT e Ni AR
JRURS 2545 g = 5 KU, Zn . As T Cd B AR 25 XU 25
ook AR, Cr AT Cu B9 A 25 XURS 25 20k < I%
AR, Ph ﬁ“%ﬂ 5
2.6 THNEE R LSBT

T T e [ 3T 9 U v R ) KURE PR AT, R A
SRy 55 (T 2 R 4 S Rl M ]
SEVE. ABFITS IR FH AR T 5 K R BTG e b R
& @ ﬁﬁ?%ﬁé@{%fi*ﬂ&ﬂzm{ﬁnu% S Ht
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FTEE 25 BRI 8 15 it 39 1 TEEA TR R LU

éﬁ%’{awmﬁﬁm@/ﬁmm TR ﬁé/\f&ﬁ P

ST A Ry TF RAC A1 TCLP T T SRR
HSE R XK DA R % B B8 1 B 4 1 S HE ATV M.
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FEASHHIE B Ni 1A A XU S5 0k < g AU, e
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55 22 AR TR A 25 XU 7 s 14 5% 1 2 W 3 1 0k
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(1)40 35 PR P 4 8 A0 & ok R
JIMEIR A . Zn > Cu > Cr >Pb > Ni > As > Cd. &5

FYIAPR R (pH <6.5) 4 92. 5% .

(2) H & R AEAN [R5 e Hh B 285 434 PR 46
JRICER PR MAFAE ] B 25 5 Horh As & TER S
AR 245 Cd Fl Zn EEOR A JFZSAFTE; Cr &
SRR A, OO T E AL R RS Cu
ﬁjﬂ{’t;m\ H Ni fgj‘j—fﬁﬁ}ﬁ%/m H Pb EE% [/Jﬁ‘l‘ﬁ:
JR AR i A B XA E.

(3)40 MES TP FHEEFRTR E, FHERR
NI R Cd(317.73) > Cu(23.34) > As(14.10)
>7Zn(5.75) >Pb(5.56) > Cr(3.38) >Ni(2.50).
Co Ja 7 ey AU ™, e kvl 75 8 mh o s )
B5 Y. RS TS e P TR T R g i AR AR
AR, B3I A Tl o o 25 XU Uﬁl*,,ﬁif%‘ﬂi‘cfﬁﬂ
Ry AR ™.
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