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Effects of applying sewage sludge on pakchois growth and transfer of heavy metals. YU
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and Engineering , Huagiao University , Xiamen 361021, Fujian, China). Chinese Journal of Ecol-
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Abstract: In a pot experiment, the sewage sludge from Xiamen Yundang Wastewater Treatment
Plant was applied as organic fertilizer to study its effects on the growth and yield of pakchois and
the transfer and accumulation of heavy metals in pakchois-soil system. The sludge was rich in ni-
trogen, phosphorus, potassium and organic matter, and its heavy metals contents were lower than
the limits of national control standard for the pollutants in sludge for agricultural use. Appropriate
application of the sludge could promote the growth and yield of pakchois. When the application
rate was 5% , the pakchois had the maximum growth and biomass; but when the application rate
was higher than 15% , the pakchois growth was remarkably inhibited. The root exudates of pak-
chois could fix and enrich the heavy metals in rhizosphere soil, and restrict their transfer into pa-
kchois. The enrichment coefficients of test nine heavy metals in pakchois were all lower than
1.0. When the application rate of the sludge was 5% , the Cd, As, Ni, Pb, Cr, Cu and Zn con-
tents in pakchois were all lower than the limits of national food hygiene standard of China. After
planting pakchois, the chemical speciation of the heavy metals in rhizosphere soil transformed to
some extent, e. g. , the Cd and Cr transformed from residual form to bio-available, Cu and Zn
transformed from oxidizable to acid-soluble, Mn and Pb transformed from reducible to oxidizable

while Ni appreciably transformed from bio-available to residual.

Key words: municipal sewage sludge; pakchois; agricultural utilization; heavy metal ; bioavail-
ability.

# [H R ARPIFEE LT H (40673061 ) M AT RHE R T S35 H (200879 ) FIAEr K2 & 2 IR AARMIF RS 21 2335 H (10BS120) %8,

# x WIHAEHE E-mail:
W H 3 2010-08-17

ruiliany@ hqu. edu. en

2 A 2010-10-09



T HESE TG YRR /N S K R T e 4 R

83

I T V5 U 3 T 9 KA B R e A ) R
YL S AREAIL A SR, NS AES
J& A LIS G W s R R AR E W (AR SR
2005 ;4255 ,2009) o A< B IR AR R I T VS e i A
KRS B 775 RT3 Aol i w] Rak &
JR (BN R S 20005 BT A%, 20025 Kao et al.
2006) . T5lege B K B N 0 B W Bk R ARG
Z, T ] PN TS 6 A FH 1 AU P F 5 v AN i R
A(ZRTF,2010) , 1506 4 8 15 e ] U R
Hl AR IR A EE AR, PR, 5lkehE
A T R PR G B R /INEE R AR B Rk T HOE 81
A5 (BRIFDR A 2003 5 #E 5 , 2006 ; 7K 3 745, 2008 ;
Smith,2009) , KTl ELEAEEY- LIRS
w8 TR RS 2 A R HC I 7 T A0 ik 15 fige e 114 TR (o
FEFME R ,2007 s 223555 ,2009 ) AR SCIE A 7 4R/ )N
F 320, BR T T 30T ¥ U it /N S AR K s
i), FEA3HT T RS A IS AR PR 4 P R 4R IR S AR Ak
KA/ NS - IR B AL & SR AT kT
HIRMA R RS %

1 #MREFZE

M
FERR A A A A IR X B -, AR
PR HERT5 U8 S 11T B 4G 15 K A B ) AAE Hs
JEZERI P DR, WK BTN FeCl, FlAT K LAk 51 5t 2R
FORR O E RO, BIEAE R RAT )G, iR, i 2
mm i B4 % B2 L I AT Ak b L T
JINEZE (Brassica chinensis L. ) o
1.2 5k

1HIRIE0 5% 10% 15% 20% 25% 1 30% 1)
R MRE T R £ T HAN 20 em 1)

F1 I TERITRAELER

1.1

WHET(HERERETAN 3 k), BMEHEFR 3
W, X /NASERFHATEE, M 15 d 24, B
PRI L) RAFIAIT, B 4 SRR T Hik# e
i B IR = T RS HIZE 20 € ~35 C,
KM A B 2R K (29100 ml) |, WLEEHT A
PRIGEC S e, s R e 4
1.3 srbrrik

58 /75 e AT HILBTR A RS B8 2k H 350 % ( Tam
& Wong,2000) ; B VA ITER 43 3G 2 5 S Fi
RACH 53 ) >R FH e SRR -t T T Ak A e i S A 42 B, 4H
WE A I E (BN ,2000) 5 Ca A5 TH 12, K
R FFI T R i 1 L (v B ) 2 B B et - SRR S
1978) ,AAS e . +38/75 e i E 4 )@ o R A
TR Y i $2 B ( Adamo et al. ,2005) ; E&BIES
K BCR 7 $E BUEFEHL( Yu et al. ,2010) ; FHY)
W 4 R FH R S R T AR 0k 4R I (B AT AR
2009) ; LA 2 BGR I ICP-AES ¥E40HT
1.4 Hdlkbsi

JH Microsoft Excel 2010 Fl Origin 8.0 Aot Ay
HATEHE AL P AR

HBRE5HM

P ERT5 e Y PRI o
AT Ml DX A 75 e e L A A — R e, T
figp 3t T ¥ Y0 B LT - 38 ) BRAR P R s Y Rk
AT (PR AN ,2006)  ALE A +
TSI EAHAMEFOLR 1, R SR 2,
1, B b B B B A LA R
Yy ot A TS Y ok S E SR Y R
1A B TS U, AT B e R ) A O i S Y
P GRIBERT IR A3 ,2008)

2

2.1

Table 1 Physico-chemical characteristics of tested soil and sludge

pH HHLT BA B B4 T T
(g-kg™") (g-kg™") (g-kg") (g-kg") (g-kg") (mg - kg™)
+ 3 5.77 125 0.79 0.13 0.25 2.2 6.76
15 9. 64 442 14. 40 9.07 134 20.5 2000
x2 HRITENTENELESE (mg- kg™)
Table 2 Heavy metal contents of tested soil and sludge
Cd As Ni Pb Cr Cu Zn Mn Co
+ 1 1. 15 1.05 1.65 85.6 3.80 17.3 22.9 577 1.45
GB 15618-1995 0.3 40 40 250 150 50 200 - -
158 2.75 3.33 84.0 36.7 73.3 164 397 513 3.95
GB 4284-84 5 75 100 300 600 250 500 - -
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Fig.1 Effect of sludge content on the growth of pakchois
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Table 3 Transfer and concentration of heavy metals in tested soil-pakchois systems

i H cd As Ni Pb Cr Cu Zn Mn Co
FATEA £ (mg - kg™) 1.26 1.16 5.77 83.10 7.27 24. 60 51.70 574 1.63
UG HRER £ (mg - kg™) 1.40 2.00 53.70 97. 80 64.20 25.90 84.70 1130 6.30
Tk (mg - kg™") 0.22 0.22 3.70 4.62 6. 88 16. 30 68. 90 153 3.25
HERE 0.16 0.11 0.07 0.05 0.11 0.63 0. 81 0. 14 0.52
BERRE T (mg - kg™!) 0.01 0.01 0.10 0.13 0.26 0. 44 1.87 4.15 0.09
BSEARIE * (mg - ke™) 0. 20 0.05 0.30 0. 20 0. 50 10. 00 20. 00 - -

% Cd,As Pb Cr % GB 27622005 ; Cu 1 Zn 4} 54% GB 15199-1994 F1 GB 13106-1994 ; Ni #% P bR fE-1994
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Fig.2 Chemical speciation transformation of heavy metals in the rhizosphere soil after planting experiment
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