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Abstract

leaf and pulp of grapefruit was conducted after grapefruits were fertilized by sludge compost from Shiweitou

To reuse municipal sludge safely, study on the transfer characteristic of heavy metals in soil,

wastewater treatment plant of Xiamen City. Results showed that the enrichment ability of cadmium in soil was the
largest. The transfer and accumulation ability of heavy metals from soil to grapefruit leaves was much greater than
that to pulp, so sludge compost can not be used for edible leafage plants directly. The transfer and accumulation
ability of chromium to grapefruit leaves, nickel to pulp from soil was strongest, respectively. The pollution of
cadmium in soil aggravated and the transfer ability of chromium to grapefruit leaves, nickel to pulp from soil was
enhanced after grapefruits were fertilized by sludge compost. Concentration of nickel must be reduced before
sludge application on grapefruit and concentration of copper, zinc, nickel, chromium and cadmium, content of
which was very high in sludge, must be tracked and tested during the application.
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Table 1 Content of heavy metals in tested sludge
(mg/kg)
W H Hg As Cr Cd Pb Cu Zn Ni
ke 1 0.71 6.42 569 8.12 70 2240 4440 405
il kR 2 1.2 3.49 1000 7.37 96.2 1460 6050 327
A% F At
75 600 5 300 800 2000 100
(pH<6.5)

M 1o 1R A HERE 95 U P E R B AR A R R
%, A LB B R A 4R o DR TR TS D8 S JIE )™ i
Jor A Al s 4, 2 I 30 b o O 33 AR 9
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Table 2 Quality control standard of compost product

% 5 e T i FR AL
1 291 (%) <3
2 i (mm) <12
3 W AP T R (% ) 95 ~ 100
4 RIpwE 107" ~1077?
5 B CLLCd i) (mg/kg) <3
6 BIR(LL Hg 31) (mg/kg) <5
7 SR (BLPh i) (mg/kg) < 100
8 S (LA Crit) (mg/kg) < 300
9 B (LL As 1) (mg/kg) <30
10 HHUF (LA CH) (%) =10
11 SAEIN) (%) = 0.5
12 BEECLL P05 1) (%) =0.3
13 MA(LL K0 5F) (%) =1.0
14 pH 6.5~8.5
15 KRG (% ) 25 ~35
16 AP A (mg O,/ (kg #ERVEWAL - h)) <150
17 HERE S (d) 15
18 HEAT IR BE (°C) 65 ~70

T+ FPBR 234 WAL, HAR &I LT3 5

2.2 MHFREKER

Jite FH U M8 Al 4 2R AR AR 4T, 50 R AR L
o ik B R 5 o) RERE Al ) B KT A ELAR 4 I R
524 560 F1 543 mm, 256+ 54 43 51 2563 555 Fi1570
mm , F iR K 2E(EH L 8. 8% , e K B & k&R
5 5 SR TE SR Ll B 2E K 20 ~ 30 d 30 T 4%
Bt . XL R ER R IEA 5 F i PR AR
2.3 TEHESEMNIRSLE
2.3.1 X ELEFTERS

FH & A R ok S wie SR AR+ 458 v i 4 i 1) Vs etk
A HEEPESE ST EN RS LT SEN
O ok BE R AR U6 R 4% B B T LK 3. 4
HEO~15 em 22 HEEEEHEFFEHMHE N Cd
(18.130) > As (4.181) > Hg (2.839) > Ni
(1.158) > Zn (1.125) > Cu (1.080) > Pb
(0.919) > Cr (0.348) ;15 ~30 cm + ZFH{E
F7:Cd (17.451) > As (4.101) > Hg (3.169) >
Zn (2.092) > Ni (1.148) > Pb (0.985) > Cu
(0.532) > Cr (0.342), REFEO~15 cm + )25

R TFEHMA:Cd (20.611) > As (2.831) >
Zn (1.987) > Hg (1.769) > Cu (1.736) > Ni
(1.452) > Pb (0.998) > Cr (0.366);H 15 ~
30 em+ 2B H K Cd (20.062) > As (2.820)
> 7Zn (2.386) > Hg (2.181) > Ni (1.195) > Pb
(0.824) > Cu (0.452) > Cr (0.286), Cd (&
L& THME S 1 ~2 ANFom g, k5 20, 3L
T Erp Cd TG Yt E X R BT Cd A Ak
R K, HA VG W AT, NI Cd 195 3l P
Al fig e T A B T A R P R R M, 30 em
Ph b4 5 s e s As (Hg, Zn HI Ni f9 75 Je
HWGRZ LR Cr M Ph IR 2 L8 iy Cr Pb
M Cu B EENFE/NF LU RZ R ENN
Y Cr I E £ F o/ X & Cr TR 7E L4
o DU BR AR B B 1 T8 AR TE , AN 5 52 31 1 RS L
W BV A i o IR 5 ot RERE A it IR
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SR 22 22 R A B , A1) FH S 00 1) %of 2 R
HEHE iz H] Microsoft Excel 1Y 46 5 (AUFE A 25
T 2B ) AT Ar B e AT A R = - 3,950,
AR R 2.228 4 1< - 2.228  [HILTE 5%
EORTE o N O N S LN =N BV oy 3 E e o A e £
Cd A Em . FE 7Moot RN E R B &N
SR A5 Hg R As I 35 ek /b, FAth 5 4 8 A8 1k
ENTE

R, WX 8 PR 4x I8 43 3% )2 FIIRZ 2 0 AT
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Table 3 Enrichment factor of heavy metals in soil of grapefruit
Wi H 42 (cm) cl 2 3 SE 1 1 s1 ) s3 SE
0~15 2.469 2.963 3.086 2.839 1.852 1.975 1.481 1.769
Hg 15 ~30 2.963 3.086 3.457 3.169 2.469 1.605 2.469 2.181
0~15 4.585 3.875 4.083 4.181 3.131 2.578 2.785 2.831
As 15 ~30 4.931 3.599 3.772 4.101 3.356 2.491 2.612 2.820
. 0~15 1.389 0.63 1.222 1.080 1.065 1.829 2.315 1.736
Cu 15 ~30 0.625 0.456 0.514 0.532 0.4 0.462 0.495 0.452
0~15 0.779 1.003 0.974 0.919 0.928 1.063 1.003 0.998
Pb 15 ~30 0.868 1.029 1.057 0.985 0.814 0.834 0.825 0.824
0~15 0.967 1.318 1.089 1.125 1.245 1.427 3.289 1.987
Zn 15 ~30 2.237 2.479 1.56 2.092 2.636 2.684 1.838 2.386
0~15 0.31 0.329 0.404 0.348 0.414 0.402 0.283 0.366
Cr 15 ~30 0.305 0.327 0.395 0.342 0.271 0.334 0.254 0.286
. 0~15 18.889 17.241 18.259 18.130 18.315 21.852 21.667 20.611
td 15 ~30 16.722 17.704 17.926 17.451 20.926 19.815 19.444 20.062
) 0~15 0.926 1.17 1.378 1.158 1.459 1.533 1.363 1.452
M 15 ~30 0.911 1.096 1.437 1.148 1.37 1.119 1.096 1.195

i b i, AR 2 3 Cd 75 G AR 8
JIE i P Je L P ] P B 4 J T B AE R Z R BLR,
(RIS .55 5 Cd 7RI 2 90 e 36 5 He fE R
TR IR 3 0508 5 As TE R R 350800 5 Hoft 2 1k
L
2.3.2 X ERBG RN

RRMER I DR E RIS AL, T
FlTG e 45 ROk U B 15 e 48 KOA B0 5 e 4
(P) MEZEG I RAGE(P) TR A XUF

P, = p/S, (1)

Kp, ALERESE @ AL (mg/kg) 5 S,
KR AR @ PR AR

15 Qe 4R KRB A AR T 8 19 2 /3 15 He W) 14 0 s 3%
TG RARLL . 25 P> 1 % B 0y5 e 45 Boli b, %
RO Z TG G, POBOR R IR0 3275 Qe e 2

M Po< 1, W% B I 5 Qe 45 3T 5 2 e b e
TR HARZIGY .

SR, LEPESE GRS G s
TG e BOR Zn {9450 5 Kol 1,51 T4 45 Hoft
B4R BTG R AR BN T L U IR AT OR X A 4 i
WG . MR 4 AT, A R R Cd i BRI e
TR R T 3, Ul iZ X A L3 A 52 3] Cd j9
JETG e UL NS, Cd s g . H Y S3(0
~ 15 em) [ Zn {9 BTG e 45 RO R T 1, U %R
FEA LR Zn AEAR s (H 75 U B9 5E FTAE Zn 5995 3¢
TRER 7L R T 0.9, Bk, S5 TE N O BE4 T
EIPSER

g5 LTk, BHEER 23] Cd /TS gy R AL
Jit P i 6L i 8] P4 B 4 J T BEAE R Z B BUR L BR
Cd {995 e e A, HoAth 2 45 Ja oA XoF - 8 3 A5 B o

x4 TEEEEFREY
Table 4 Pollution index of heavy metals in soil
lE| +J2 (em) P,(Cl) P,(C2) P,(C3) P,(S1) P,(S2) P,(S3)
0~15 3.400 3.103 3.287 3.297 3.933 3.9
td 15 ~30 3.010 3.187 3.227 3.767 3.567 3.5
0~15 0.320 0.436 0.360 0.412 0.472 1.088
Zn 15 ~30 0.740 0.820 0.516 0.872 0.888 0.608
24 TE-MTRHAZESEIBEMNE R/ W

AR 40 %F M < i 1) A B T RER < s A - 1
YT SRR E Y AR BEUR I

X B NEEE § MHYITEE RR 0, R+
HAp R o B RG BNEG R | S (mg/ke)
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Table 5 Transfer ratio of heavy metals in soil -grapefruit system

i i ot £
5 H ¥4 5 5 ¥4
(m) BACI) B(C2) py(C3) BASH B(S) B(S) T B(C1) Bi(C2) B(C) BOS) B(s2) B
0~15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
He 15~30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0~15 0.007 0.015 0.006 0.009 0.006 0.008 0.004 0.006 /0.0001 0.0001 0.0001 0.0001 0.0004 0.0002 0.0002
As 15~30 0.007 0.016 0.007 0.010 0.006 0.008 0.005 0.006 /0.0001 0.0001 0.0001 0.0001 0.0004 0.0002 0.0002
o 0~15 0.517  1.279  0.417 0.738 1.017  0.197 0.202 0.472 /0.0341 0.0238 0.0290 0.0186 0.0119 0.0124 0.0143
b 15~30 1.148 1.766 0.991 1.302 2.705 0.781 0.944 1.477 /0.0471 0.0565 0.0518 0.0495 0.0473 0.0579 0.0516
0~15 0.211  0.197 0.1 0.169 0.124 0.072  0.057 0.084 /0.0037 0.0009 0.0023 0.001 0.0005 0.0011 0.0009
P 15~30 0.189 0.192  0.092 0.158 0.141  0.091 0.069 0.100 /0.0036 0.0008 0.0022 0.0012 0.0007 0.0014 0.0011
0~15 0.17  0.109 0.113  0.131 0.065 0.036 0.025 0.042 /0.0117 0.0088 0.0103 0.0069 0.0052 0.0023 0.0048
In 15~30 0.074 0.058 0.079 0.070 0.031 0.019 0.046  0.032 /0.0062 0.0061 0.0062 0.0032 0.0028 0.0042 0.0034
0~15 2.047 2.897 1.695 2.213 2.035 2.084 4.265 2.795 /0.0045 0 0.0023 0.0013 0.001 0.0013 0.0012
or 15~30 2.079 2.919 1.736  2.245 3.107 2.507 4.752  3.455 / 0.0046 0 0.0023  0.002 0.0012 0.0014 0.0015
0~15 0.03 0.118 0.062 0.070 0 0 0.032  0.011 / 0 0 0 0 0 0 0
e 15~30 0.034 0.115 0.063 0.071 0 0 0.036  0.012 / 0 0 0 0 0 0 0
~0~15 0.297  0.141  0.091 0.176 ~ 0.148  0.099 0.139  0.129 / 0.114 0 0.0570 0.086  0.07 0 0.0520
Ni 15~30 0.302 0.15 0.087 0.180 0.158 0.135 0.172  0.155 / 0.122 0 0.0610  0.091  0.095 0 0.0620

T R IRRE CLR AR b il T 56 8, R REE AT A 00

RS AT LLE il 4 6 A [R] T 4 Y AR
B I ANIR] 5 4 8 b G J ] B i 3T B SR BUR L )
B KREZL, W Cr k3 MNEUEY, Hifhoo £ — i
K2 AFEEHG R R P i) He SR Cd &
AR AR, UEET He ) il R A1 Cd ] 2R Y 3T
FEREJIM 55 , T RE HH T E TS A W A K 1 b 75 7T
ZOAF TR B Zn Sh, KFAFICE 15 ~
30em +JZH 0 ~15em +E2WEBER K, XAl
A AR RS A 6, BT RE S AR 2 fE R 2
TP EER L, MEHEO0~15 cm 12 E 4R
R B2 B B, > Be > By > Buy >
By > Bey > BusdL 15 ~30 em + 21 Cd F1 Zn fif
B IRAN  IER BB KN A K AR A 5 i
55K P 2 1 F- 3450 B BRURI T 35 5 %) BAE 0 ~
15 cm ZHAF] o 3 F 0, X BEEE A g6 £ op , B 0 X
Cr W2 WL RE 7 ¥4 8 B ik , FLRO2 Cu, XF As (Cd il Zn
1 WSO RE g %8 55 5 e BE 1 it B 4 8 T Cr AT 15 ~ 30
em 12 Cu IEH R, HAK TR WITH R T,
Bt R A TR £ 2 O AR ) AR Y
eI BA — W25 B aA A EA 3 #1740
HERE RO 30 R AR it o i G J O o 0 25 S W R )
B, 285 5 S Y8 T 08 it T 056 4% i v Zn 1) B o 0 U
A HAh 7 FPOCE S AR ZE SN B UL IE B

Jiti FF A 5 | A2 R 4 i o AR I A 3 e

% E 2T E 4R 1 R R O 2 AT R B R H A
/NS 22 BERE A 36 A 1 2 - B e
JIH By > Be> B> Bo> B > Bu (AT
0 ~15 cm JZ B¢, = Budl) , iIX KW, BRI X AR
2 AR ) 4 A Y R RNV XL
R — B A NI s 0 i RE g e
HU S Cu Ml Zn, %t As (Pb Al Cr ) WU RE 1 5255 5
JeRE At P32 & T As F1 15 ~30 em + 2 Ni iT 8
Fo T As 19 & RARMK, BT LLURIE i i AN 25 35 B
As IFEH NI (I B R 48 = g AR /N HR &L R
(IR T2 Sy 8

H1 2% 6 A0, B i A i Cr Ni Cu Pb Fl 2/3
1 Cd ok BEAR i, 49588 ) B 8 dh PAERRHE, b Cr
FING 43 590 8 R AR 35 99 A% RN 18 A, ¥ E B it T =
Rt Cr(S1.S3) Al Ni(S3) 19 & =3, K ik,
BRI T RENED M. 7ERA
H1:As Cr.Pb Cu A1 Zn AR F E K & & LA,
H NI 7 BE Gl b AR bRl Ni A 2
VRN, A SO AN BB E 1R Y TS R A A R
WX N[ BE AT #E . Cu R Zn X A2 W 1R Ok
UZEE R, Cu ER WP & AR Zn MY TR
FIRE 159 , b F Rk R A Zn 9 B AR, TR AE Y
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Table 6 Content of heavy metals in leaf and pulp

(mg/kg)
Wi H Hg As Cu Ph Zn Cr Cd Ni
/i DAERE 0.01 0.5 10 1 20 0.5 0.03 0.2
1 0 0.193 155 5.74 13.6 26.2 0.03 3.71
2 0 0.328 17.4 6.88 11.9 39.4 0.031 2.22
R 3 0 0.144 11 3.39 10.2 28.3 0.11 1.69
sl 0 0.113 23.4 4.01 6.73 34.8 0.061 2.92
s2 0 0.114 7.79 2.66 4.24 346 0  2.04
3 0 0.0704 10.1 1.99 6.92 49.9 0  2.55
Cl / / / / / / / /
2 0 0.0028 0.464 0.13 1.28 0.0617 0 1.8
B3 0 0.00169 0.627 0.03 0.789 0 0 0
st 0 0.00208 0.428 0.034 0.706 0.0221 0 1.69
s2 0 0.00563 0.472 0.019 0.613 0.0164 0 1. 44
3 0 0.00322 0.619 0.039 0.638 0.0147 0 0
3 & i

(1) BT 38 KT5 KA B i 75 8 ' Cu
Zn Ni AR @, B8 R A b i, Cr A1 Cd
HAR

(2) Cd 7E L 3erb iy sy SR RE Ty 5, 1 38 I AR 52 3]
Cd Y3 B2 95 g s YR NE T T Jt ook ) P9 2 4 )i = 224
RIZTEPRR BRFEZ Cd 59 & 5w F W, 75 5
INE AL, HA T 4 R AR B R i
IEE S

(3) E &R BT RBAE ST Fa 2R R
2 RIEAREH T M2 ' AW AT . Cr i
T A% RBUAE T S, LU Cus I IE 19 it FH 42 =
T Cr Al Cu [ B (93288 5 HR 51 5 4 Jm X A
W75 4. Nifa] 2R A G A2 R B AE D fe i, HRO2:
Cu Al Zn; JEHE A HE T B2 5 1 Ni F0 As 1] SR P9I 5%
R BEAR D

(4) 15 PERAC A I, A BRI 5 ROt R
H,Zn i Cu ERYE RS EEFRLR, I A
e it UG AEA it P B 25 AT AR R
Ni [ &5 8 B b, 15 e 2R JIE A1) PRIy e 25T IR N A9 ok
JE P RE B AT 1 ek Cd g5 5 48w T Cr

T B I N g 2R PR S AR R g, DR T e AR IE R
I3k 3 Fh oo R A7 AL BRI A a3, & 2T K
BRER I o

2 % x
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