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(1. o EBA G A IR EE I PO 5 X A S R H G S0 %, LA 100085 ;
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WE  REGFEFRE T H AR 24% G RENS IR h S & & A Cu A Zn BEXSZEHE RSN G20 R R R 098 DLIC K & i
TR 5, &SRB EEAE P ESE Cu M Zn B8 I , YETE A S Y HE R W s ) AR . B Cu A1) Zn
FAXS 2 it A 1 J5 LR ST Cu A Zn 19 & R AL a2 5T ) Evix%ii'érh Cu T Zn B+ SEEREEAT A T S 04 et e IRy B A i 2
FIRLEME, R B TR ER S A PR IE S . DL Cu B Zn MREEST B0 1137. 3 mg/kg 1 1503. 4 mg/kg ARG HEAEAE J SL 5041
*4 BEE 5 A A28 AL BD 11,22 44 89 g/kg A1 222 g/kg, #124F 25,50 ,100,200 t/hm* F1 500 t/hm® , LAAS it 38 25 Ak P A oF
o I/ SRR S BFAE T NS 2N S /N3 Cu F Zn BRI, S5 SRR E4 Cu A4 Zn A EVEE BN
58.6—203.4 mg/kg F178. 1—431. 6 mg/kg; EDTA-Cu 2y 12. 7—119. 8 mg/kg, EDTA-Zn 7 15.6—215. 1 mg/kg, 3%t &K F
50 t/hm’ B}, =385 Cu Al Zn S B Rest B B 32 . /N SEH 1 R LA R LR Cu A1 Zn 1975 B BB X 26 il FH 22 ) 386 i i
P, BN Cu Zn A& 4 T H 130, B /NS84 Zn 19 & RS T Cu, X280 H 2 AT 100 vhm® AFAG /N A
S 1 EB Cu Fr i 3 X IRAL S (RUR A Ab B/ S L B Zn S ERES XS IEAH L I R EMEE R XSRS RT
50 vhm® B 1R H6 43 Cu & S HO6H IR 0 2 38 0, i b XS 28 58K F 100 vhm® B, b R4 Zn i AR, HEAH S 1 Cu
(EDTA-Cu) 545 B3 RIK Cu FIFE EMERAF (A A G 1) Zn(EDTA-Zn) 502558730 Zn MUAHDCHER 2 . BEE XY
FEH AR ARG, /N XS 3 Cu (R 4R BB 119% B 15% % Zn EHERBHH 47% TR 19% ,/NEASEXT Cu Fl Zn
W38 ZE00 TN T 1% 36% M1 51% o /NI b T 38 KRR Y Zn/ Cu HBIE XS 28 it FH 2 i 38 I gl /), 98 B/ 13X Cu  Zn
WU 35 16 7 1) 2 S W G RS 28 0 FH A2 (g 3 I T R
KR YFE;Cu; Zn; DNESE; HHESY; BEMES

Effect of chicken manure application on Cu and Zn accumulation in soil and

Brassica sinensis L.
ZHANG Yan'? LUO Wei" ™ ,CUI Xiaoyong”, SHI Peng”, LU Yonglong'

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China
2 College of Resources and Environment, Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract; The chicken feeding in China accounts for 24% of the world total. Cu and Zn are widely used in fodder, leading
to high concentrations of Cu and Zn in chicken manure. As a good organic fertilizer, chicken manure is widely applied to
garden soil, causing high concentrations of Cu and Zn in both soils and vegetables. High concentrations of these metals in
soils can affect animal and human health through the food chain. It is of vital importance to know the effect of chicken
manure application on Cu and Zn accumulation in soils and in Brassica sinensis L. , for human health risk assessment and
safe production of vegetables. Bioconcentration and translocation of Cu and Zn by Brassica sinensis L. planted in chicken
manure-applied soils were studied in pot experiments. Chicken manures with high concentrations of Cu and Zn (1137.3 and

1503.4 mg/kg, respectively) were applied to soils at six rates, i.e. 0, 11,22, 44 89 g/kg and 222 g/kg, namely O, 25,

E&TIE . E 5K E SR 973 HHRIE8 (2008 CB418104 ,2007 CB407307 ) 3 [ % |1 4R B2 3L 4 W BH IR H (€031001 ) ;3 17 45 X ek 2k 25 [ R
N S 0 H (SKLURE2008- 1-04 ; SKLURE2008-1-05 )
5 B #9:2010-06-19; &iT H#3:2010-08-30
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50, 100, 200 t/hm’ and 500 t/hm’, respectively. The results showed that total Cu and total Zn concentrations in manure
spoiled soils ranged from 58. 6 t0 203. 4 mg/kg and 78. 1 to 431.6 mg/kg, respectively. EDTA-Cu was in the range of 12.7
—119.8 mg/kg, and EDTA-Zn 15.6 —215.1 mg/kg. There was a significant difference in the concentrations of total Cu
and total Zn in the soils between control and the treatments above 50 t/hm’. The concentrations of Zn and Cu in every part
of Brassica sinensis L increased with addition of chicken manure. Futhermore, Zn concentration was higher than Cu in every
part of Brassica sinensis L. Both Cu and Zn concentrations in the under-ground parts were greater than those in the above-
ground parts for all treatments. The concentration of Zn in every part of Brassica sinensis L. was also higher than that of Cu.
There was a significant difference in Cu concentrations in the above-ground parts of Brassica sinensis L. between control and
treatments above 100 t/hm’. However, no significant differences in Zn concentration were observed among all the
treatments. There were significant differences in Cu concentrations in the under-ground parts of Brassica sinensis L. between
control and all treatments except 25 t/hm’, but in Zn concentrations in the under-ground parts of Brassica sinensis L.
between control and all treatments except 25 t/hm” and 50 t/hm’. Good correlation ocurred between the extractable Cu
(EDTA-Cu) concentrations in soil and in Brassica sinensis L. tissues. In contrast, no significant correlation between the
extractable Zn( EDTA-Zn) concentration in soil and the Zn concentration in Brassica sinensis L. tissues was found. The
bioconcentration factor of Cu in Brassica sinensis L. increased from 11% to 15% when manure application rates changed
from o to 222 g/kg, while that of Zn decreased from 47% to 19% . Translocation factors for Cu and Zn decreased 36% and
51% respectively,with the change of manure application rate. The decrease of the ratio of Zn:Cu in every part of Brassica
sinensis L. indicates that the discrepancy in the uptake and translocation capacity of Cu and Zn in Brassica sinensis L

reduced with increasing chicken manure application.

Key Words: chicken manure; Cu; Zn; Brassica sinensis L. ; soil contamnination; bioconcentration and translocation

FEERERER -FMELENAIILE, SAFEAPEM N P &3R50, KB DORYE) Tz 8 TR A
PR B RS IR VAR R R B A B3 30 121, BT, B S RESAE A VUL
TseA ™, Eita B, Qi BT RSk S O 47 b 1 34 4 4F it AR B A HLIE A 90—105 +/hm* ,80% 24K
TP RS 380 PRt AR AR 2151, 2004 AR TR EAG A IR B 5 B 4t B 24% |, SR 1T MR = R A AL
B A SRS , XSGR R R IR A B 4B R (LR Cu Zn) BAR I G 2l R ARG (&
PN R B 4 8 R A BE A HE AR AR D)  Ho Cu F Zn X8 28 HEMAY L 35 959% L B A0 453k [ AR Y G i
R EARZE R LT 2 2R A 4R 5 Gy, Foh KR it 1 & = E 4@ (Cu Ml Zn) A XS 2218 1l
TG YR EEFEN Z — 7 L3 Cu A Zn 5P AU S RAE Y A KR T, B 253 A Cu AT Zn 7EAEHI N
R SRR IR I BT sh R AR A B KU B, XS 2R Cu A Zn B A e
PG Z N e ag i T AN S EMER, ERNINC A AR AR RS RS £k 251
FEU | H AT AT S B A P AR IR T A HERTS Y R RIS K S i Y e A TR TS Y, X ok
TR B T 4 a8 V5 Y X i S A 7 A 1 T BORR B VR ) T 4 S A MR A 1 R R e I 5 T A R AR
RN B MK S 48 NS (Cu A1 Zn 5 HE20 58 152 mg/kg #1516 mg/kg ) Jifi X /N 2% Cu Zn
WS S i 1 — et 5 (HZR RS A AR UL &S Cu 575 Zn BRSNS MBS SEEY H Cu Zn REGY
Wl A RIFFE AR AR AR RN iz REAT DA B 1 48 o 4w 09 7 6 B SR B A S i 0 B R i L AR
SN L4 A O B 22 5 L R TR SR R S A AR AR SRR R I A bl P X 3
X H 3 5 A (VNESE) Y Cu Al Zn BFRAGSEIAARAG ISR S, ARWFTEN T E &2 Cu Al Zn (1
T SEIRBEAT Ry R S A i R XU AT E B AR A TR B AT A LB S A A AR R AR
1 MMBEF=E
1.1 kit
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Table 1 Soil and chicken manure properties

X > C > 7

, 2R % 2k / % i % Cu = 2n LR

HE Matrix Total-N Total-C / (g/ke) / (mg/kg)  / (mg/kg) pH /(g/kg)
o o Total-P Total-Cu Total-Zn Organic matter

X3 Chicken manure 2.47 24.38 4.12 1137.3 1503. 4 8.29 79.45
+- 3 Soil 0.09 1.39 0.60 56.3 74.4 8.33 15.53
T HERRI T i i
Soil environmental 100 300 >7.5

quality standard
b HERR IR T bR UHE bR (GB 15618—1995 ) , T HE3E HI T— A B | B SR 55 18, 398 e X AR ) AN PR SR B AN 1 A8 55 s

SEEG TR 5 AR FH K B 11 .22 44 89 1222 o/kg( FH24 T 25,50 ,100,200 F1 500 t/hm*) , 5351
C1.C2.C3.C4.C5 Ffrn . VIS ZEVEXT IR CK #R (£ 2)

R2 EABEIBDERIRIARGESE

Table 2 Pot experiment treatments of Brassica sinensis L by different application rate of chicken manure

KbF Treatments CK Cl C2 c3 C4 c5

X3¢ it Chicken manure/ (t/hm?*) 0 25 50 100 200 500
0 %S E=N

Z%];)Il}jiii iriiiit)s of chicken manure 0 i 2 “ 8 222

AL R/ ( ¢/ke) 1000 989 978 956 911 778

Application amounts of soil

PR BRSO RS ZE AN - % FE MR SR A NAR 12 em (TR 40 em (BB 4 402 ALY
SR 5 kg, RIS &, A ARSI 4 D EA SR 5e 2RHLHES . /N E SR Y T 18 (ITTLA R
BT RR =20 ), Fhvked S99 1) A 0 S8 8 Oy FH B] /K 519 60% ,30d SRR . T A ZaRk S 36 AE b stboll R At
AT, A AL BRI ORAE AR ] A U FDE IR AE S5 0 IR A T IRV — B 15—25°C, /NF SR R AR
KRN 12—20C
1.2 FEAHREES AT

/NESEEMRIOGR G HZEIRK 8 wh 22 R T A AR R 48 IR AR 7K 70 Jo P b 35S R T 8 170 i o
SRJG B TR P ZE 105 °C F AT 15 min, F£F 80—90 °C FHLTE1H T, R RAE - ERE M X0,
THGR & AL PE R T

A5 1 B3R B EE 5 100 B2 e, AR i AN R AL I 5 1ok 60 H JE B0t . FREC 0. 25—
0.30 g(K&H%]0. 0001 g) FEFBOATHMFE T, INA 9 mL HRSIR ( HHEFEATE A 3 mL ¥k HF) |, FH s 15 i i
Je R R B R AR 4K B 455 50 mL™ . Cu Zn A 3CS EDTA 4250 0 40 A s Bl & S B 1
PRI A GG % (ICP-OES ) AR A & 45 8 1A A (TCP-MS ) 5 + 3R Cu Zn 19751,

pH {E A pH 1 5E (K L Fa LR 2. 5:1) s A AL (SOM ) FF H R AT K A #akill 2 ; 2% 2kt E o
B AN 7 ; 4 RV - R AT L (005 s Eh (B 8 48000 S L AL SE o FR 20 g (1 -8 i fif 4= 458k
NEA 100 mL KB FK 0 = A, &R T35 R 30 min, & OHLE G, BIEWGE 0.45 m 8, H
TOC {3 5 V2 B VRA HURR R 1, A5 BV A A LA ™
1.3 /NESON 4R I AR RS i is RBUNTHE

& 4E Z 80 BCF ( Bioconcentration factor) = #i P E 4B & &/ TIHELSE S Ex100%
835 280 TF ( Translocation factor) = i F#H 48 & 8/ T E 4B & Ex100%
1.4 Hdegeitoth
SERECR R SPSS16. 0 80 22 387 | B1E A7 FAR SCHEZM 4T, Sigmaplot £F 151
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2 @RS
2.1 +3Ed Cu FI Zn &

BRI A ES)E Cu Zn FEB S TXM(E3), 1IHES Co M4 Zn & =IWHE S0 58.6—203. 4
mg/kg F178.1—431.6 mg/kg; EDTA-Cu & 12. 7—119. 8 mg/kg, EDTA-Zn & 15.6—215. 1 mg/kg, X3t
KT 50 t/hm* i}, H3EH Cu Zn S B A IR B 2 4

®3 EABELELEDR CuflZn FETH

Table 3 Cu and Zn concentrations in soils in different treatments

b 443t Total contents/ ( mg/kg) F#ZS Available contents/ ( mg/kg)
Treatments Cu Zn EDTA-Cu EDTA-Zn
CK 58.64.9 d 78.1+3.5 d 12.7+0.1 e 15.6+0.5 d
1 68.4+5.8 d 94.9+2.1d 19.8+0.6 d 18.6+1.4 d
2 69.222.2 d 99.62.0 d 22.0%1.6 d 25.242.5 d
c3 88.3%1.7 ¢ 137.4£12.5 ¢ 38.3+0.4 ¢ 59.1£0.5 ¢
c4 119.549.3 b 218.4£11.3 b 60.4x1.3 b 95.5+1.7 b
c5 203.4%7.5 a 431.6%13.5 a 119.8+5.8 a 215.1£12.1 a

[7i)— B v AN ] () 7 Bk 2R 7R 22 S ik 21 4 2 7K P (P<0. 05)

438280 FH 140 R TF 100 +/hm’ F1200 v/ hm i}, £3EHE 48 Cu Zn SRS ER _SbiifE, E4E 2
NG BESE TS5 ), e e LR — B4R S R A SRR R Z B, &% s W ek
& IF Ha o s s B2 VER U NZE RS i e 4>, H iR Cu Fil Zn XY AT AR JE A 75 7T
R SRS E Y T Cu SRt 100 mg/kg £33 A T | S BRI A B4R S AR e
WAV, A Cu Zn YR AIEIILEEME B B O, B SR AR AR AR K, X 5 50 36 vh ir W88 31 1 €5 b 3
INAFAE R ZEI S 80, FE R TR Cu Fl Zn 2352 R AR 2200 4 K BRAR AR M %o oA 35 3 iz i
Al WIS FEAE D B AR K BT ) R, e 138 Cu A1 Zn S0, (il HA S T 25 7R 9 A AR (B 11
SEVEEZ N, S E i R R A2 AL FE (<100 v/hm?) , THE Co A1 Zn BB S BIF AT EF —
PhnifE
2.2 /NASEH Cu Ml Zn E

/NI4T Ca Fl Zn 5 AT B RS 2t FH S 0 3 I g B4, ELb R Sk B 34 T B (R 1) X 5 DA
BRI AR —E 0 AR L AT LU S0 A e, A A9 26 5 R 200 ¢/hm’ F1 500 ¢/ hm” B~ Lb B o
INFASEHL B4 Cu F i S I 45 A0 B 2 [l 3 4Y Zn A RIEN L XS 2R R 50,100,200
t/hm’ F1 500 t/hm? AL DR 53 Cu 75 B0 R 58 251 i34 2 54 100,200 +/hm’® 1 500 t/hm® Zb 31
TEBAY Zn AR WLEE RGN MR 26N 50,100,200 t/hm® F1 500 t/hm® ZbFHEERR Cu & 400 IR 8 251800 A A
XS ZE A 200 v/hm® b3 Zn B B0 B E P M /DS Zn RS T Co & &, &l T
Zn FEE Cu i (£ 1), XFEHEHE KT 100 v/hm® (IALFE, /N2 EH Co &2 B W5 TR (7.1 mg/
kg) ,HAS ALY 58 Zn S SXTRZ M0 R 2SS ATReE R TP REA VLS 5 5 Zn™ 24
AN FEA LTS Zn TR, HIESHRESNERISOTS Zn 856 R0 5 Zn DIFRRB A1, F
BRI A 26 Y pH B, RS 1) AR AR AL X Zn AR BREVE RIS ) A AR B T IR ARG Zn A R
%, B A 3N St A3 IR Zn AR R I W25

Cu Fl Zn BB MY AT MEICR BB EEAETIAE, B2, E Cu Zn SR, StE XY - 4
BEEEM, B RREHERERAL AR AT ZM, EEFBOEYT- £HE Cu Zn HREE & B4 & 2 HINE
RN E SR BRI, Meyer FORFFE SR ZR I, A LA+ 358 v (14 5 4 B 12 I R B AR g 000 R Ay 2 4
J& A A e SRR R Cu Zn ARCE SRS/ L T R Cu Zn SR
RAERNA TR R B, B /N S 35 Zn FUEERE Zn RSN AR POE RECER SR (2 4) o BT, 8o
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1 AEBEEASLEMN/NEE CuflZn §E
Fig.1 Cu and Zn concentrations in Brassica sinensis L. tissues under different application amounts of chicken manure

RS Cu FRAAEY) 0 WAL Cu A& EERCRARSE 11 8 H A RGES R Zn RAEAE D) B3R UL Zn (Y

o B

x4 #HYMELEENS CuflZn SEZ EPHEXE
Table 4 Correlation between EDTA-Cu and EDTA-Zn in Brassica sinensis L. and soil

# 48 Heavy metal Z 4 Parameter [A]J5J5 72 Regression equation R F
Cu Hh - Y=0. 138X+0. 026 0.570 28. 810
Hh R B Y=1.021X+0. 139 0.729 53.925
Rk Y=0.291X+0. 025 0.873 138.077
Zn M 13 Y=0.056X+0. 043 0.077 1. 680
Hh R Y=0.317X+0. 060 0. 565 28. 280
K Y=0.071X+0. 043 0. 123 2.802

N T PRGN SR Cu Zn TEAEYIR N B AR FAL B PR, 0/ F St B3 Cu R Zn 5 3R —
SEFEAR BAME BOHEAT ARSI 0T (32 5) SR B/ VA St B Cu B Zn Z A AE R Y IEAR 5C (P<0. 05)
EEFEPUENGIE Cu Zn FOBIE [ E 19, XS Ze0E P Il 3 b Cu Zn S EERIREE I, /A3 EFR Cu
FES pH | ATE A HLER (DOC) A L (SOM) 5 1 Z (Al 5L R IEASE , H5 SOM BYAH S fReoi ; iy E- 36
Zn FE0N5 pH ETEA HLER (DOC) AP F &35 J0 8 AR G

£S5 BEBAFDEZFM LR Cuf0 Zn 5HEEREBEXE

Table 5 Correlation coefficients between Cu and Zn concentrations in above-ground parts of Brassica sinensis L. and soil properties

Cu 7n pH Eh DOC SOM
7n 0.612" 1
pH 0.528 " -0.133 1
Eh ~0.364 0.314 ~0.615** 1
DOC 0.621** 0. 080 0.766 ** ~0.520** 1
SOM 0.693 ** 0.194 0.879 ** ~0.689** 0.862** 1

# P<0.05; * * P<0.01

Bt A (RS FEFN LI R AE 3R 1) T, FE A BRI v ) 8 R 22 LABR IR R R B R £ 25 XE I S8
APTE, T4 R A ACHERRAR ™ DRITIT , 0% %0 P A n 2 s 1) pHL (L, i 1F L3R AR GF Zn RO, REAIR
IR Zn OB AR AT Zn B E R TIAER pH AAME R, RIVEPEA HLET (DOC) Al ARH 1E 5 )
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JCR FRE Cu ) SISO R 3 5 DT E B A 5 Ak, (175 B v b ml i 28 Wk 3 89 im0 WAL A FH 0t
A NTAEHE T Cu AUTERS A WA e RIS, X8 28 50 A e v A B, e XS 28 T 4 8 H 3 BLR %
i, AU RSN L8 Zn ARSI I Ca /N AL EA RE R EREH, B 0 LR E BN Zn
BT I i e A e L R AR, A ML ) R Zn R B T A3 AR RS B R T 5 4 Zn
TE LR 2 (B ) A IREAR T RN Zn AW 53 A, 2 0 PR it PRI XS 28 B4 A FH 1 Zn 9 R0 1 i S 0
M ZEFARFED EGYUR T DOC 78 3 i 1 3 1 A9 35 55 G P B Y 3R T Cu B il W R i i
F1 AR Cu BT ARPRAGIERS  BI T Cu MAEYIARCPED . G, 0825 it 5 A3 i ] A RRAR Zn SHE A )
AR (HORNREREAR Cu AR BEPE
2.3 /NESEXT Cu Zn B E 4TS

Skt BH B SR T 4 S B W IORT BRI 25 55 ARBIFSR A AR 0 A R BN FL 2 RBCk i 2R Cu,
In £ ENARRGE T B R, 2 R /N AR 88 Cu 195 2 FR 8500 5 0 28 it FH £ 3
M 11% EFE]15% 0% Zn 55 FR BN R A 5 3 RN 47% TR 19% , /INASERT Cu Fil Zn W% i &
HACHI Bt X 2 it FH 12 (4 38 0 430 T B 36% M1 519%  BIE AT UL, /NIRRT Cu AWM BE I Bl 75 /5 Cu XS 2%t
BRI T K BT Zn BRI RE 1 A B 5 5 Zn X9 3t B I K, RO R s/ . NEI SRS Cu Zn WA
AR R 3 i ) b 38 43 4 B 0 A B 2 A LA e P o A 35 i

100 - 100
—eo— Cu 7 —— Cu
—0—
o 80 |- Zn 80 |- = Zn
8 g
X ‘E X §
sxEOOT SE 0L
wE s
Q
S840 g or
S s
L =
Mm 20 20
"__’.—__.___.__—4—.
0 1 l | | | 0 | | | | |
0 25 50 100 200 500 0 25 50 100 200 500

X6 35 FF] B/(Vhm?)

Application amounts of chicken manure
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Fig.2 Bioconcentration factors and translocation factors of Cu and Zn in Brassica sinensis L.
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