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Effects of Continuous Application of Sewage Sludge Compost on Heavy Metals
Accumulation and Mobility Characteristics in Soil Profile and on Heavy Metals

Uptake of Wheat
SUN Na', SHANG He-ping', RU Shu-hua®, SU De-chun'”

(1. College of Resource and Environment Sciences, China Agricultural University, Beijing 100193, China; 2. Institute of Agro-resource
and Environment, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050051, China)

Abstract: The use of sewage sludge compost( SSC) as fertilizer may cause increased leaching due to its high content of heavy metals
and thus pose a threat to groundwater quality. The effect of SSC application on heavy metals leaching in calcareous soils has been
studied in field trials, which provides basis for determining heavy metals environmental capacity and preventing metal pollution in
farmland soil scientifically. The results indicated that the contents of Cu, Zn elevated obviously with the increase of the age and the
dosage of SSC utilization in the topsoil (0-15 ¢m) under 4-year continuous application of SSC. Under higher levels of the compost
treatment, the heavy metals Cu and Zn were found to migrate into the 15-30 cm soil and 60-90 cm soil under the experimental
condition. Nevertheless, the majority of Cu and Zn from SSC accumulated in topsoil and the highest accumulation rates could reach
75.3% for Cu and 85.9% for Zn. The contents of Cd, Pb increased significantly in topsoil after 4-year continuous application of SSC,
and their increases could reach 57.2% -165.2% for Cd and 13%-34% for Pb compared with CK. At 60-90 c¢m soil, the contents of
Cr, As and Pb were also significantly higher than those in CK treatment. Application of SSC not only caused accumulation of some
heavy metals in topsoil but also leached heavy metals located in the subsurface soil down in this experiment. Continuous utilization of
SSC increased Zn concentration of wheat grain, and the increase could reach 13.3% -47.9% . For the concentrations of Cr and Pb in
wheat grain, the values exceeded the national food and healthy standards value ( GB 2762-2012) in part of compost treatments. The
cumulative ratio of heavy metals carried out by wheat were all below 10% after 4-year experiment, wheat grain carried much more Cu,
Zn out than wheat straw, but it was opposite for Cr, As, Cd, Pb. The cumulative ratio of heavy metals carried by wheat decreased with
the increasing level of SSC utilization. The amounts of heavy metals migrated to deeper soil should be considered when determining the
environmental capacity of heavy metals in farmland soil.
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WRVER YRS+, B ABEYE . pH 7.93 . H
MU 1.81% . &% 1. 11 g-kg™' . HIERS A 25.8
mg-kg ™', A5 0.08% . AU 14.5 mg-kg ™' A
1.79% . A5 96. 3 mg-kg ™. TEMALERAYIRER HI
TP E SR AR ACT A R — ZhR i
(GB 15618-1995). fitii5 Yk A Fi5 KA HT, If:
B Ve FVED RS FF4E 20 1R HE R 182 )5 il B ds e
HERE V5 e HEREA AL & 54 34. 6% . 1250 Hb 1= HE AN
TR HERE A e WL 1.
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Table 1 Heavy metals concentrations in basic soil and sewage sludge compost/mg-kg~

1

THEE S R G
Wi H
Cu Zn Pb Cr Ni Hg As
+ 4 22.9 68.0 30.0 0. 150 67.4 29.3 0. 067 10.5
V5 R HENE 162 4216 77.3 3.32 188 41.3 4.56 12.3

1.2 Rkt

ARG I 5 AL B, ALFE 1 AT HE Ak B
(CK) Fl 4 A~V50e A6 FE AL EE (W1, W2, W3,
W4) £ BRE AR LR 2. AR AbH 3 A
A 15 AR/ N, BN X AN 12 m?
(K3 m,54 m), #&/NXIREHLHES], /N X R L 0]

FH SRR T AR 74 ) FH 98 Al B O FH ) 48 385 =X
ZRECY M. Ry T O = — B A TS T HE
VR B, PR SR T/ 22 B R AT — PR LT b
B JE S5HFE T3 (0 ~ 15 em) /N B BENL 7250
RA). 5 4 a, B4R 2 It V5 Y HERE I
TN /INAE — A — 20 OIR e AN PR A ).
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Table 2 Amount of fertilizer application

15 UL B AL AE F &/t -hm 2

Fe S elit/ b~

N
RIS AR e R REEED A N P,0; K,0
1 CK 0 0. 65 0.33 0.15 0.30 0.15 0.09
2 W1 15 0.14 0 0.05 0.30 0.26 0.09
3 w2 30 0 0 0 0.47 0.53 0.13
4 w3 45 0 0 0 0.71 0.79 0.19
5 W4 60 0 0 0 0.94 1.05 0.25

1) 15IRHEALAY N, P,05 ., K, O FRATE 1AL 2. 24% | 2.50% | 0. 42% T35 2) A4 /INX 7= it FEAPRAF— 20, B HUCH A N A P A0S T
70%3H, N, P05, K,0 23 BI%ME 0.3, 0.15, 0.09 t-hm =2, IR E/MRRREAL ( =kE) /AL BN i AR 4D

1.3 FEALCRAE

2011 ~2014 47 H (X5 0], 7 B4 6 H /N
2 AR AR HHERE . SRR DT N “ ST R L 50k
e BN HERBERIE 58 0 ~ 15, 15 ~
30, 30 ~60 160 ~90 cm () 4 P+ 2, FEW LA
FEAIRAIN 1A IERES . HREZ AR 5 BIF
Seid 1 mm JE B, BG4 - 4ET 0. 149 mm JE JE
i , £ .

INFZ AR AL /INZ FEFT SAPRIRE. SRAETTIE
RBLETE AN 10 BR/ANZFE S IRST R 1A
FEYIRE L. /INZZ LR W ™ s HE R TR O 15, /)
XRE 1 x2 m” BTN, FEFZ AR LR T
KYEEE A BLES 70°C HET, BET )5 4 BIAR RS
FERINZE FRL, FEFE BT IR IE AN A L 6, FF
LA O REHUR 5, O3 1 mm JEJRTR 45 .
1.4 pH E

FREGE 1 mm 5 09 K - HERE A 10.0 g, 7E7K
t 2.5 Ul pH 3T BT 02 .

1.5 +HEESESENNE

PRI 0. 149 mm i (1) H3EAE R 29 0. 25 ¢ TIH
fE T A 8 mlL k4l TR, 2 d il
FEARCE I A ( 5 CEM A &), MARSS ) 1 i, FH H,
TR G 5 B AR BT (2 HEAE 1CP-MST700 ) I 5
Cr, As, Cd, Pb & &, H % & 7 & 4 6 1% (1CP-
AES)M%E Cu., Zn &4
1.6 /NERESE AR A

53 SFREURS FFFURFRLAE 2 0. 25 ¢ T 1 fifk i
OB 8 mL {4k 4l HNO, 1230530, 55 2 d {1
TR TE AR (SE 1 CEM A R], MARSS ) ¥ fiff /N 22 B
i, FHOF SR B A B AR BT AN (& HE 12 1CP-
MS7700) % Cr. As. Cd, Pb & &, 45 85+ & 5t
JEiE% (ICP-AES) %€ Cu, Zn .

1.7 el S EdE b
BE— L RE S 38 m AR R A oA AR AR AR

(GSBZ50014-88 . GSBZ51001-94 ., GBW10046 ) f J5it
P TEAPR AT S A B R N 45 R TR .
A B {H FH Microsoft Office Excel 2010 {44k
Y AN2 I K%, 60 SPSS 20. 0 14, 1 P <0. 05 7K
ST AT A

2 HFR5ITE

2.1 ELLEHG Ve HEIE S #EZ 15 pH A1k

4 pH B ME LB IR EL)R
YA E BN R, 524 a it 5 Ve AR
(598) 5 , #2130 ~ 15 em) 1Y pH Bl 5 Y8 jiti FH
SRR 2 R R AERRAE 15, 30, 45, 60 t-hm ™’
TGV AR, BF)Z 13 pH 43 7. 80
0.056, 7.77 £0.044 . 7.59 0. 023, 7.57 £0. 114,
L% HRAL B (CK) A L (pH 4 7.93 +0.075) , 4351l
TRET 0.13,0.16.,0.34,0.36 DAL, pH K2
P v L L H 4 I 1) A5 A R RN AR - 5 T P AT
FoREST, W A A5 B 9T R B, FE K AS £ 1 38 pH
FE k25 52 ) - 498 T 4 i 1 A B T R e K A
X} B 4 R A IR AC.
2.2 HHERIE T E SR G BRI

ME T UE H FEARdEEE 3 T AR
V5UE 15,30, 45,60 t-hm 54 T, #ELLitiFH 2 a 5
BHZ (0 ~ 15 em) 1 Cu & & 3CA B B3 m, H
SEWERE T U i s TR B 3G 0, 556k BB (CK) Ak AR
W, #F)2 3 i Cu & 5 BE TS U FH 2 1 i e 3
Hom G RMEHE 3 a, 30, 45, 60 t-hm > i5 e &
AEEE R BE)E LR Co S IR F] 25.9, 30.5, 28.5
mg-keg™ A LT CK 45N T 17% . 38% |
29% {5 N FHES 4a,15, 30, 45, 60 t-hm {5
HE T, #HZ2H8Ed Cu 58 423.5,.27.0,30. 1,
32.3 mg-kg™', ML F CK 43 A B T 19%
37% . 52% . 64% ,Fifi 45 15 Ve it FH B (8] 35 - Cu 7E
FE PR SO R (K1), 7£15~30 cm
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HE Cu S ETEFILE 19.0 ~26. 6 mg-kg ™', = T4 2
a, 60 t-hm *i5 e AL B T + 4% Cu & Ri5 5
K, J& CK IR 1.4 £5; 15 RIMEHIZE 4 a TIE Cu
SEJLHEATE 20.1 ~22.7 mg-kg™',30 t-hm " 45
t-hm {5 AR R +3E Cu T REES T CK
b XFF 30 em LU 2, &5 e b BT -3
Cu FEH TR FHEES.

PIBEZ (0 ~15 em) 13 Ca 3 a5 5 Je e
B Cu i A 1 Ee ok 2 i5 IR HEAE  Cu AE 82 £
B RR ELE 4 a ISR S, A5 R &

THICug fit/mg kg™
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g
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i
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B
ki

LEFER Cu 282 3 iR R 61.9% ~
75.3% ,FREIE R E A A £ Cu RZFRLE
B2 13 (HRAE 15 ~30 em +)2 1 Cu (&5
M EFEgAE K R I B 1S AT Cu
fE15~30 em TEMEEEE & T CK 43, K]
Cu MBHZ M T &4 TIER IR, X2 Ry i5 et
FHREAR T 138 pH JF45 A T K & 0 7 P A ML ST
(DOM) > pH AR AE A% 15 L 1+ 3 2 1Y Cu, {2 0E
Cu MJ% 1, [RIBF DOM A RE i I il 1 48X) Cu 19
W BRE 7 B AL FEAE A R 2 T R Y Cu
T, MANLUEX Cu AR ASIEN, EikS
Cu TE A HL-Cu B A&, NIfi7F 8 Cu W) 1 HEEE)Z2
50 Kaschl 255" i + A8 098 K,
Jite FFI 308 7 A4 36 3R AR AR R R A Cu R
A HL-Cu 25425, W T3 e 3 AL 55 30k 17 A= 116 47 3% 3
NE)— LR SR = A KRR ALY,
T HCuf ft/mg-kg™!
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——
—— - a

0~15

(b) 20124

15~30 §

30~60

60-90

[F]— + E ARl 4 B ] JC 2 7] R Duncan’s £ LK 2ZER B (P <0.05) , FA
1 E&4aRAGRIENES Cu SENH

2 JEELE 4 a it IS TR HERR Zn 7E L 3585
AR . R T LUE TS R 1 a, 4%
SR THE (0 ~ 15 em) T A9 Zn & 2= VEH
TE64.4 ~99.0 mg-kg ™", Ab B [A] A% 5 5 KAH S8 1K
B EZES; SREHE 2 a, B2 L1 Zn
SR ERIN, 7E 15, 30, 45, 60 t-hm *{5 g JH &
FHHZ LSRR Zn SR BIAE] T 138.2, 94,1,

Distribution of Cu concentration in soil profile under 4-year sludge application

168.5. 165.1 mg-kg™', & CK AP/ 2.8, 1.9,
3.4, 3.34%; BRGNS a, 264 a, HHZ2 PR
Zn S IR U6 FH R A0 8 0 R, 26 3 a Bk
2T Zn S EIJEE A 170.4 ~393.3 mg-kg ' T
60 t-hm V5 e & F +3E Zn T E R, & CK 16
%, 8 4 a L HEH Zn B JEFR 205.1 ~499.6
mg-kg ™' G R E T 13 Zn SN CK AbHE
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Fig. 2 Distribution of Zn concentration in soil profile under 4-year sludge application

(15, 4 f%. L4 a i TG IRMHHZ 13 Zn FHEK
RGN, A2 3 Zn Wi it 55 Ve HEAL Zn A
ABEIHRER Zn TEHHE TR R E2 4 a
it TG e HERE 5 , 25 15 Ve AR BT Zn ZE8F)Z 1458
PR FLECRYR RN T 77% L L, i AL B R ] 54 3]
85.9% .

IR Zn & B AR 15 e A
(1) Zn TR RLERZE LI 2 (H Bl A 15 Ve it FH B (]38
I, Zn Wi HERZER. 7615 ~30 em LEH TG
WS 1 a, 552 a, 1M Zn & 530 5 200 8
30.1 ~67.9 mg-kg™', 64.0 ~94.5 mg-kg™"; 15
JEHEE 3 a, 15 ~30 em 12 Zn EbEI5 Ve &
NG m, A V5 e BR Zn BR300 880,
95.3,126.8, 168.0 mg-kg™', & CK AL FHAY 1.4
1.5,2.1, 2.7 fi5; 15RHIHEE 4 a, 150G
In SEBEWN, 5k 82.7, 123.3, 1231,
131.9 mg-kg*1 e CK 4¥0 1.2, 1.8, 1.8, 1.9
. 7E 30 ~60 em &2 ¥ et H Hi PR A 25 Ak B
T4 Zn SRR BN, HAES 3 a, 54 a, %
G FLS T Zn B &L E ST B2 60.4 ~82.3
mg-kg ™' 66.3 ~87.6 mg-kg ' FE45 t-hm {57 H

HE R Zn ST EBEST CK A, 7£ 60 ~90 cm
TER GRS 2 a, L Zn FEIE N
65.3 ~76.7 mg-kg ™", 7£ 30 t-hm >, 60 t-hm *i57k
FHEANH R 3 Zn &8 035w T XA, 151
JEHZE 3 a, 554 a, FA0HE T 3 Zn 5 EE 451
4 65.2 ~85.9 mg-kg™' |, 70.5 ~109.7 mg-kg ", 7E
%3 a 60 t-hm {5 HEAI T L3 Zn &5 0
F T BR AL

5 Ca tHLG, AR 25T Zn 76 BIEH TR
e, B E 60 ~90 cm + 2. XA HERTS
Ve A B9 A HLY o i 48+ 3 b i i v P
(DOM) e BE¥E N, DOM fgte 2% & 48 i iy Zn , AT
i £ X Zn (IR B 7 A S B IR AR AE Zn #E
T3P A IS R B X R R A A bt s
PEBE T e > ARG+ N £ K T ke
+,FHiELE 4 a TS IR HENEJS , & A0 B /Y 1 4%
HEHZ (0 ~15 em) 19 pH P40 55580 (%) S5 10 354 7]
T Zn 32 ; AN, AR AR, Cu 76 T T
B EEZEMAEA VLK (DOC) 50, {H Zn BYITF
FEZ K Ca SRS, HIKAJE DOC™ KK
M TR A K PR 1 RS R R T R
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WAL T Zn WIERE, 5340, AR 197506 B & Zn
FrEFR, ESREELEPN TR S HEE0E
RRKA.

K3 220t 4 a % 22 15 R 5 4 38 ) i
Cr, As, Cd, Pb By50Aifaoe. +IEHHZE(0 ~15 em)
W Cr, As 7 8y B2 )& 29.9 ~38.7 mg-kg ™' |
9.8 ~11.2 mg-kg ™', ML F CK A & ¥4, #F2
b Cd S EIEEN0.217 ~0.366 mg-kg ™', Fifiy5 e it
FHAER B3E I 8 2E 3G, 5 CK AbFHAR Eb 38 fin i 2
TE 57.2% ~165.2% Z ] ; #5154 BEHFZ 13 Pb
ARG CK B 3, & EyE FE 17.7 ~20. 9
mg-kg ™' BEIIEIE J 13% ~34% . ARIG P EELE 4
a i 5 IR JE B3EHEZ T Cr, As, Cd, Pb &1
fn, Hed Cd | Ph AN XS TR A
KW, A R, ESE S a i HT5 8
FRAN T A KPE LI 0 ~20 em TR TR 8 FhUE R
HEAJE G, M H Cd 78 T3 S ot on B3

M Cr, As, Cd, Pb 7E eI o A9 53 A R
B4 a i TG IR)E, £HE 15 ~30 em L2 K5
PALFE T B Cr. As, Pb & &3 Bl 4 51 & 25.6 ~
30.2,8.1~9.7,12.7 ~15.6 mg-kg ™', W EMRKT
XTARAL TR, 7 60 ~90 em + )2 K75 Y8 H & (15
t-hm >, 30 t-hm *) AbBEF | L 3Erf Cr, As, Pb &

afit/mgke
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AR CK &b P TG 22 5, (0 78 5 75 e i (45
t-hm >, 60 t-hm *)ZbHE T, Cr, As, Pb F g &5
F CK. X AT HE A B kit 76 2 )23 19 75 e ME B 23 it )5
fiff - b R A HLBK (DOC) & &35, DOC %)
TR b MR Shne AR R, B A TR
SRV G H B RE ST, © W R TR Ge g
KRR ENE S B LI s — ' m T
Bh S fd15 ~30 em 130 ~ 60 em B2 T2
B YRR AR, (HJEFE 60 ~90 em + 24K | HY
FR Y B T T K, 332 R i e i i 8%+
JZ0iF 60 ~90 em + )2, T EL -2 MBHEY , A LT
25 T 4 SR ME AR S 1] T IS T FE G2 2 A2 FR
Z. Kaschl 55" SR H AR HF 58 & B, it HT5 R
HERE S5, 3P4 | BRIV S T A B ) kg,
JCHAEARNE 3 AR 5, Kt TS T
Jii N3 A BITRZ 00 Zn . Ni R0, A6
s et AR Cd FEF B A HHERZ, R0 2
] R 2T 4%, Bergkvist 70 #F98 & BL, Jiti JH 75
T AR Cd 78 41 a J5 3832 09 iR ) 1k 5
92% ,7E 17 em REE AN AY W2 FICR AT K 7% ,
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Fig. 3 Distribution of Cr, As, Cd, Pb concentrations in soil profile after 4-year sludge application
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FERFRLARS AT rh Zn 5 S Bl T 6 it FH 2 0 385 Jon v 38
L5 CK AR, ZNEE R ARG FF P A Zn & AR
5 U6 FH A BE T 5 0 iR B 4 02 13.3% ~
47.9% F168.3% ~217% ,60 t-hm >I57R & K/
kPR RN RS FF rf Zn & 8 4y B8 B e KM 73.5
mg-kg ' F139.9 mg-kg ™' /NEFFRIH Cd FERAE
45 t-hm 160 t-hm 75 ) &= T M CK & 3%
BN, R IS R Zn A1 Cd & AR WA SOE
e DT S S 38 N T /N X LR . A RS R B
TR B -5 rh Cd AT 38 He A8 23 Bl 25 15 18 1Y it
FHA 38 A T 16 hn 7 35 0 it FH A K A HL
S5, EATTREID ) - ) T 4R A B, AT B e T
GBI A RERS P AF 3 Rk IF L, %
S da Jiti VS Ve HERL 5 , 7€ 60 t-hm V5 Jfg ] 1 Ab B
T/NERR R Ph & B E T CK AL B, 3k 3
0.642 mg-kg ™', HABALFEAH L CK Tl F £ 7, H
15 30 160 t-hm V5 FHE T/NZEHFFR Ph & &
T M A LA AR i (GB 2762-2012) , 43 4
HARIE35.5% |, 61.0% . 221% ,iX ] REZ K K518
Jit A AT Ph, I3 AN BT S3f 7= A (R /N L
PR AR T /INEE X Ph AR ). /N AR Y Cr
SRR R HE T (15 t-hm >, 30 t-hm ~*) 43 %

k%) 1.38 mg-kg ™' 1.45 mg-kg ™", M FRE 38% |
45% FERGR & T (45 t+hm > 60 t+hm ~*) 4}
MK 0. 146 mg-kg™' . 0.284 mg-kg ™', ¥R Cr &
HDE ST CK, X 4 ny R rl gE & i T
5 Vet H AR, 15 e e R I R R o A TS
Ve Hh B B 1 8 43 il TR 0 ke Bl /N 2 W i, (H v
EIGEHEREA LS, B ToMmA TS, KiEfq
PLYIAF B8 7E 438 v | A EU AR 75 U ab B4R 3 £
BRI ARSI A LG S, 2R R
BRI, HC 23 a KR A AR R 55 (4b B CH CK
NPK . MNPK) 9 3 A8 AN 4% = N B 952 R B, 4%
TR ] S R A IR TR ER 45 A A S =
Jothi s 208 TR, AL A SRS SH S
Soth e 218 LT, B LG A SRR E S S S
FP A . MNPK > NPK > CK, 15 75 e HE it H 2 Jits
AIREARE T XA b B2 G AL 2% 5 2 % 0 ke v 2 4%
ATy B BE 1 /N 22 W SCRI DT ik 20> 17 /N 22 v
WS, HEE S BN R S R4
TR B ) TG B M. NE RS Cu, Cr
As, Cd, Pb &yl {53 HI7E 3. 66 ~4.33, 3. 94 ~
7.76. 0.209 ~ 0.296, 0.061 ~ 0.072, 2.17 ~
2.65 mg-kg ' Z[H], £ AbH R TG M 2E

R3 EH4aATREEENEFHNEFHEEELE" /mg kg™

Table 3 Heavy metals concentrations in wheat grain and straw after 4-year sewage sludge compost application/mg-kg ~

1

B b3 Cu Zn Cr As cd Pb
CK 7.06 0. 65a 49.70 +9. 84c¢ 0.810.13b  0.014 £0.005b  0.011 £0.006ab 0. 153 0. 014hc
w1 6. 06 = 0. 66¢ 56.27 +2.88bc  1.380.30a  0.011 £0.004bc 0.006 £0.000c  0.271 0. 056bc
beg w2 6.12+£0.35bc  60.42 +2.31abc  1.45+0.09a  0.010 +0.006cd 0.008 +0. 000bc 0.322 +0. 190b
W3 6.51 £0.20abc  65.93 +7.16ab  0.15+0.14c  0.023 +0.000a  0.017 £0.003a  0.026 +0.015¢
W4 6.78 £0.23ab  73.50 +9.68a 0.28 £0.02¢c  0.001 £0.001d  0.019 £0.004a 0. 642 0. 236a
GB 2762-2012 — — 1.0 0.5 0.1 0.2
CK 4.19£0.12ab  12.65 £6.23c 4.69 £0.33a  0.227 +0.024ab 0.063 +0.001ab  2.39 +0. 166ab
w1 3.66 +0.23b 21.15+4.18bc  7.76 £1.95a  0.296 +0.023a  0.067 +0.006ab 2. 65 0. 199a
FEFF w2 3.67 £0.12b 23.06 £6.0lbc  3.94£2.97ab  0.253 =0.060ab 0.061 £0.004b  2.35 +0. 168ab
w3 3.920.52ab  29.73 £6.94ab  4.27£3.07ab  0.209 £0.012b  0.061 £0.001b  2.17 +0.052b
w4 4.33+£0.39a  39.93 +10.45a 4.97 £2.94ab  0.246 +0.044ab 0.072 +0.010a  2.45 +0.328ab

1) [FFNBUEAS & HH R FBE IR Duncan’s ZE LR ZE R B E (P <0.05)

2.4 /NEWGRX TG e HERE A A 4 R 09 B34

PTG VAL BT T AF ISR ) /N2 AR NS FT
o 4R o A DAL A AR BN X 4R
4 1 4 a BEESR AR 2522 4 a TS
PN EE R Bt E. AF 4 T RIRH,
INZEXT Cu, Zn, Cr W9 BHE I R 8m , d e 20 ) Al
iA%E] 239.5, 2834, 246.6 g-hm >, Xf As, Cd, Pb &
THAE L B AR G AR, B R 43 i AT Ak #) 10,3 2,67,

77.5 g-hm 7 X JEH TARRKEATER T Cu, Zn, Cr
FEBEIEL NEX Zn 194 2 BT ERETE R
FHE B0, o A T 4w 0 BT R
BEHU—ER AT NEXFT Cu, Zn FPRLAY BT
P TR RS i, (BT Cr, As, Cd, Pb U
AL, /NZERPRLRRS R X 45 4 JR e E 19 BT
RN 53 3K Zn > Cu > Cr>Ph >As >Cd, Zn
>Cr>Cu>Pb>As>Cd.

PNz Bt i E 4w i 5 e B A E
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G JE B 5 BOR RAF /N Z2 WK X T 4 R 485
RN LR R R YR 15 e it
FH LB I BEAR, 2 4 NS R R AP 1S
t-hm 5T AL R NS E AR ) R
R, Cu, Zn, Cr, As, Cd. Pb 1Yy 23138 1 %4
WE9.4% 2.9% . 7.8% . 5.1% . 4.8% . 6.1% ,
7 HAh Y5 e FH B AR PR R /N ST AR 1) BT

HARIRT 4. 9% , X ULATEY 2 HH + IR & )m 1)
RESIARH A R, AN 2Bt e 8 34 0 i 5 2 m L 451
MO R (RS A, AR AE S B A 7 R R
FPAE AL AR B IR 2, 15 98t il A A T 4 S ) T
Jg ST B D G JE 4R 2 RA R
TE T H e IFAF AR o3 1] TR 2 A 15 e ik
JZ T KA IR

x4 EZ4aEAFTRENEVESENRITEHSMEHZE

Table 4 Cumulative amount of heavy metals uptake by wheat and the ratio of uptake to input of heavy metals after 4-year sewage sludge application

Ab PR
4 O R/ R

%E i?i '1—73&5! nﬁ}i Wi w2 W3 WA
Fri s /g - hm =2 142 151 147 151

Cu A /g hm 2 86.2 87.3 78.6 88.5
R R/ % 9.4 4.9 3.1 2.5
FFRiHE /g hm 2 1172 1415 1450 1581

Zn TEFFE /g hm 2 685 768 1060 1253
St R/ % 2.9 1.7 1.3 1.1
FERAE /g - hm —2 16. 6 17.4 10. 6 7.68

Cr FEFHE /g -hm 2 202 227 236 210
ZTHE R/ % 7.8 4.3 1.7 1.9
FPRiHE /g hm 2 0.53 1.46 1.47 0.49

As FEFFHE /g hm 2 8.80 8.83 8.49 9.02
ZIHEH R/ % 5.1 2.8 1.8 1.3
KR/ g hm =2 0. 46 0.45 0.49 0.49

Cd TEAFE /g hm 2 1.87 1.99 2.04 2.18
R R/ % 4.8 2.4 1.7 1.3
KPR R /g hm —2 6.38 8.74 4.24 7.15

Pb TEAFE /g hm 2 63.9 68.8 57.5 67.0
SR/ % 6.1 3.3 1.8 1.6

SE ik
3 it

(1) #24 a it BRI, B2 (0 ~ 15
em) W1 Cu, Zn, Cd & &1 2350, V5 e HH A
)R TR BAEPE 5, £ 15 A Cu 728
B R BRI L 61.9% ~75.3% ,Zn &
77.3% ~85.9% ; V5 ekt s A B 4 8 25 m IR
2 TR ARG AT, Cu (T E 15 ~30 em
+J)2,Zn WTIEFE E 60 ~90 cm 2.

(2) 24 a TG IRHERL , /INZAFRL Y Zn |
Cd Fa WM. /NEFRTHY Cu, Zn FEIK
THFEFF,{H Cr, As, Cd, Pb ¥ AFEFF & 8 KT A7
iy FVGVCERT (4 a /NEWIRXS Cu, Zn, Cr, As,
Cd, Pb ST RBET 10% , 15 5 B2 2. 5%
~9.4% 1.1% ~2.9% . 1.9% ~7.8% . 1.3% ~
5.1% . 1.3% ~4.8% . 1.6% ~6.1% , {5 et JH
SR, VRIS 4 R AR
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