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Effects of Biosolid on the Accumulation and Transfer of Trace Elements in Soil-Wheat/Maize System
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Abstract: A field experiment was carried out to investigate the phytoavailability of trace elements in soils amended with biosolid and the
transfer of trace elements in sludge from soil to the edible parts of plants. The results showed that land application of biosolid, especially at
high rates, increased significantly the concentrations of Zn, Cu, Cd, Pb, As and Hg in soils. However, except for the increase in the concentra—
tions of Zn and Cu in wheat grains and Zn and Cr in corn grains, the concentrations of other trace elements in crop grains were not increased
significantly by application of biosolid at the rates from 4.5 t-hm™ to 36 t-hm™. There was a significant linear relationship between the con—
centrations of Zn in crop grains and the application rates of biosolid in soils; the concentrations of Zn in wheat and corn grains were increased
by 0.57 and 0.118 mg-kg™, respectively, when biosolid of 1 t-hm™ was added to the soil. Except for similar accumulation factors between
wheat and corn grains for Ni and Pb, for other trace elements the bioaccumulation factors of wheat grains were found to be higher than those of
corn grains. According to the accumulation rates of different trace elements and current soil environmental criteria, Hg in biosolid in Beijing
was the element of high risk for soil environment quality. However, the effects of trace elements in biosolid in Beijing on food safety need to be
investigated through further long—term field experiments. The results provided a scientific basis for developing a reasonable standard of
biosolid application on agricultural land.
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Table 1 The basic properties of the soil, biosolid and chicken manure

xH GB15618— .., GB18918—

H THE 1995 0B gy A3 CGBSIT2
4 N 1% 0.08 — 2.7 — 24—
4P 1% 0.1 — 3.8 — 2 —
% K% 0.3 — 0.2 — 1.8 —

WAL N/mg kg™ 80 — — — — —
AL Plmg-kg! 5.5 — — — — —
WK /mg-kg? 73 — — — — —

AT /% 12 — 355 — 208 —
pH (/K 1:5) 8.9 — 75 — - -
Znmg-kg' 466 <100 1665 <3000 6599 —
Cu/mg-kg™ 17 <35 238 <1500 523 —
Cr /mg-kg’ 50 <90 99 <1000 1402 <300
Cdimg-kg® 011 <02 15 <20 02 <3
Pb/mg-kg’ 102 <35 79 <1000 99 <100
Ni/mg kg 27 <40 46 <200 21 @ —
As/mg-kg! 104 <15 20 <75 194 <30

Hg/mg kg™ 0.1

11:: GB15618—1995 5| JHI¥ Fy— & L e BE i i brifiE ; GB18918—

2002 5 HHA pH=6.5 W5 Je A B EL; GB8172 Sl R 457 3 A T 422 i
B, TR ML YR 1t 0 3R R (P 2 IR AR HE Y

<0.15 13 <15 0.4 <5

1.3 gt

RIS 8 ML (F2 2.3), 209 ANt 75 U
MAENE(CK) ARAFHEALFH(0.5N) , 1E 7 ZUH Ak 3
(IN), 4 St (558 4.5.9.0.18 F1 36 t-
hm) Fl—A~ 1EH G2 A HE (X536 9.0 t-hm™), 75
TG A PR ULt 55 0.5N KbHAH ], o,
IEH AR CIN) 2485 IR R A A (N) /N |
FAA 180 kg-hm (/N FENTNE 60 kg-hm™ GE 120
kg -hm?, JIENE T/ N2 Aot 5 BB+ B AL T/
PR BAROE S VEIR B K A £ 5 FOKAE 180 kg-hm??,
FE RN T — P25 ) s 5 e (LAME I H50)
N REFIRTLIRIEIE 20— A, B4 FH— K o 4
etk S iE e . LRI A BEAE FH A P
K HERMEAIRAE, 43514 P,0590 kg-hm™ K,0 120 kg -
hm?, TA/NE B FKRFERAT— U A, E R A
15 URFIRGZE LU L&A F A 3 UK IR A/ NZZTT

f, B ERIGR , — /M- TR, Tk

i FERERE RRAEVE R 2 FO IR, /N2 O 5 FRUCREE
FEFFFIAFRLRE AL R/ NAE K B R AR o

BE/DNX AL 40 m? (5 m x 8 m), 3 24 /N X,
REAILHES o /N2 RN R ZR A/ INX 5 e B IR
22 Mgk 3,
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Table 2 The application rates of biosolid,, chemical fertilizers and chicken manure in different treatments for wheat(kg-hm™)

R b1

Jb3 158/ X2/ PRERS TR/ TR/ PREZ (BT )/
t-hm? kg: X' kgehm® kg X' kgrhm? kg X' kgrhm? kg X' kgrhm? kg X' kgrhm? kg X!

CK 0 0 0 0 0 0.000 600 24 240 0.96 0 0.000

0.5N 0 0 0 0 65.25 0.261 600 2.4 240 0.96 130.4 0.522

IN 0 0 0 0 130.5 0.522 600 24 240 0.96 260.8 1.043

0.55+0.5N 4.5 18 0 0 65.25 0.261 600 24 240 0.96 130.4 0.522

1S+0.5N 9 36 0 0 65.25 0.261 600 24 240 0.96 130.4 0.522

25+0.5N 18 72 0 0 65.25 0.261 600 24 240 0.96 130.4 0.522

45+0.5N 36 144 0 0 65.25 0.261 600 24 240 0.96 130.4 0.522
1J+0.5N 0 0 9937.5 39.75 65.25 0.261 600 24 240 0.96 130.4 0.522

VE 4%/ N X T A R S /N TR 40 m?, 578 RS ZE IR CL g Se i i CHIER T /K23

xR 3 EXREAFSIBIERIERSZ (kg-hm?)

Table 3 The application rates of chemical fertilizers and chicken manure in different treatments for corn(kg+hm=)

RN B
i) RS/ BRARHN/ PRE ORI E 1)/
kg+hm™ kg« [X! kg+hm™ kg« X! kg-hm? kg X!
CK 600 2.4 240 0.96 0 0
0.5N 600 2.4 240 0.96 195.65 0.783
IN 600 2.4 240 0.96 391.3 1.565
15 e A 600 2.4 240 0.96 195.65 0.783

L A/NX R A IR S, /NX T AL 40 m?, V58 A ZENRL T T ORFEANE ; 15 U8 ARG ZE AL BEAUHE 0.55+0.5N  1S+0.5N  1S+0.5N \4S+0.5N

F1 1J+0.5N , H: NPK AR A [F
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Hg JTCER W &t s il B E R — sy o« + 1
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I HEAT 4B o s A ) 5 £58 3 A >R SPASS13.0
H1 Microsoft Excel for Windows 2007,
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Table 4 The concentrations of trace elements in soils with different treatments (mg-kg™)
Qb B Zn Cu Cr Ni Cd Pb As Hg
0.5N 41.5£0.9a 16.7+0.4a 53.9+4.0a 27.8+1.6a 0.111+0.008a 10.1+0.2a 10.4+0.3a 0.11+0.02a
0.5S+0.5N 46.3+2..1a 17.5£0.5a 65.7+6.84a 32.1+2.3a 0.111+0.008a 10.6£0.3a 10.4+0.4a 0.15+0.01a
1S+0.5N 50.4+2.1a 17.8+0.2a 55.6+6.8a 28.3+2.6a 0.110+0.003a 10.4+0.5a 10.4+0.2a 0.23+0.02a
25+0.5N 67.4+2.6b 19.5+1.1b 51.9+3.5a 26.6+2.0a 0.118+0.010a 11.5+0.5b 10.8+0.4a 0.50+0.19b
4S+0.5N 74.7+8.6b 20.0+1.4b 51.4+2.61a 26.8+1.0a 0.135+0.004b 11.7+0.9b 11.1+0.2b 0.62+0.37b
1J+0.5N 45.0+0.8a 16.7+0.5a 48.0+0.2a 25.5+0.01a 0.111+0.012a 10.1+0.2a 10.6+0.2a 0.14+0.03a
GB 15618—1995 300 100 250 60 1 350 25 1

T [FISEUE AR 7 H: 28 0] Duncan’s 21 H #2257 i 3% (P<0.05) ; GB 15618—1995 Jy +HERRES it it — 2 brifi (pH>7.5),

9 t-hm? JGIRAYIENL T, 3 He &k 5]+
52 I B AR E (GB15618—1995 ) T i 22 (W) 4F- FR 2y
e, HYUE Zn, HAREICE IR TR (530
4E), 4 A, 1S+0.5N 15 IR AL (9 t-hm )i, +
R R TR AN B3 1 2S+0.5N {5 AL B
(18 t-hm™)A}, +3E He Zn f& 300052
3R ORI 5 V5 et in & HEA TR OC
PEOAT, BTas R W3 5. SRR 3 Zn Cu,

x5 tEMRETERSFREAENEEXR
Table 5 Correlation analysis between the amounts of biosolid and

the concentrations of trace elements in soils

4 OB 156181995/ EHE R Fleh ARG HfE
mg-kg! 575 FEn R AFERUE)

Zn 300 y=0.962x+43.04 4 0921 30
Cu 100 y=0.091x+17.05 4 0.868" 101
Cd 1 y=0.000 71x+0.107 4 0918 140
Pb 350 y=0.044x+1025 4 0807 858
As 25 y=0.021x+10.32 4 09327 78
Hg 1 y=0.015x+0.116 4 0.922™ 7

%y P<0.10;3%% Sy P<0.05; %% 3y P<0.01;5 i IAE R LIAS
i TR BRI S, AR 9 t-hm Y5 R] LA
AR

Pb . As Hg B (mg-kg™ )5 35 It i & (kg -
hm) Z MIAELER W ML IME R o R 5 alH,
I3 1 t-hm? 9592, 13 Zn Cu Cd .Pb As,
He & & 43 %) #8 fin 0.962.0.091.0.000 71.0.044 .
0.021,0.015 mg-kg™' . MIREICE ) BFHCR AL T
AT AR S R, JL Rt et He 25 &
BERIB IR (TSI D He X2 A IR 7
BEHA TR R SE B A 5T .
22 BiRKAXMNMNE EXMFIRETESENRM
Jite FH 35 U 5 A 7 9 % IR (0.5N ) Ab B H A ml AT,
it G e i 3N T /N kR Zn (Cu () &, Cd
Cr.Ni .Pb As Hg & & A B &8, 7F BTG
Je FH A B/ N FPRi v Cd (Cr Ni \Pb As Hg 1) & &
22 50 AN B 3 (P<0.05 ) 5 Jiti V5 18 35 38 0 1 R oKk
L Zn Cr {97 &, Cu Cd Ni Pb As Hg )% &%
A B ER, I EAE G U6 2 A B TR kR
Cu.Cd Ni .Pb As Hg )7 25 58 i 2 (P<0.05) .
Jite FH 75 Ye F AL RE ) b B 5 FH XS 28 A Ab B (3%
6) L F B, it 15 U AR E A b B /N2 F R rh Zn
Cu 75 & W3 & T G A B, /N kPR rp
Cd.Cr Ni,Pb As Hg W& B2 [ 22 7 A 8% (P<

&6 AEGEINEMFHIRETESENZIN(mg-kg')

Table 6 The concentrations of trace elements in wheat grains in different treatments (mg-kg™)

Ab T Zn Cu Cr Cd Ph As Hg
0.5N 20.3+3.1a 4.7+0.6ab 1.5+0.1bc 0.17+0.05a 0.03+0.002¢ 0.09+0.01a 0.06+0.01a 0.013+0.003a
0.55+0.5N 27.2+3.2b 5.240.6bc 1.5£0.1bc 0.10£0.04a 0.02+0.003be 0.09+0.01a 0.07+0.02a 0.013+0.003a
1S+0.5N 29.5+2.0bc 5.7+0.5¢ 0.8+0.1a 0.10£0.02a 0.02+0.001ab 0.08+0.01a 0.06+0.01a 0.011+0.001a
25+0.5N 33.5+1.4¢ 5.6+0.2¢ 0.9+0.1a 0.11+£0.01a 0.02+0.004bc 0.11£0.01a 0.07+0.01ab  0.011+0.003a
4S+0.5N 42.8+13.4d 6.0+0.4¢ 0.9£0.1a 0.09+0.01a 0.03+0.001ab 0.11+0.02a 0.07+0.01ab 0.010£0.001a
1J+0.5N 20.5+0.9a 3.8+0.3a 1.0+0.1a 0.14+0.06a 0.02+0.002a 0.10£0.02a 0.09+0.01b 0.010+0.003a

GB 2715—2005 — — — 0.1 0.2 0.1 0.02

1« RPNV BUE R AR 7526 Duncan’s 2288 425 5 i # (P<0.05)
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EREY 7/ 8

FEEPFERL PR BT 2R RS 55 75 e it i
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AR (B 1), B 1%, R R
Bt 1 t-hm {598, /NEE KPR Zn ARSI 43
5270.570 F1 0.118 mg-kg™s it JH 75 YAk 3L 2 15
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Figure 1 The relationship between Zn concentrations of grains

and the application amounts of biosolid

Tt v B A BE M AER XS Uit S - i E i
SN AR 25 XU 5 0 — 2D A9 X TP 2 24
Yy ZE A, it TS DB FH AR AT X2 2
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HICR A M, R T AT KM e A g i ot
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Jit FH5 YA 3 S5 AH R 0 R (05N U /N R A
H1 Zn F1 Cu B E 7R 15 e HHRAL R (4S+0.5N, 36t
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Table 7 The concentrations of trace elements in corn grains in different treatments(mg-kg™)

Qb PR Zn Cu Cr Cd Pb As Hg
0.5N 16.85+0.22a 1.51+0.15a 0.10+£0.01a 0.14+0.04ab  0.001+0.001a  0.11+0.01ab  0.008+0.002ab ND
0.55+0.5N 18.77+0.84b 1.84+0.64a 0.34+0.01b 0.11+0.0lab  0.001+£0.00la  0.06+0.02a  0.007+0.002ab ND
1S+0.5N 19.18+0.50b 1.62+0.17a 0.41+0.14¢ 0.16+0.04ab  0.001+0.00la  0.22+0.0l1c ~ 0.009+0.001b ND
25+0.5N 20.40+0.47¢ 1.48+0.39a 0.40+0.23¢ 0.06+0.02¢ 0.001+0.003a  0.15+0.01b  0.009+0.002b 0.001+0.000 3a
4S+0.5N 21.63+0.24d 1.49+0.39a 0.28+0.05b 0.06+0.01¢ ND ND 0.010+0.002b  0.000 5+0.000 2a
1J+0.5N 16.74+£0.41a 1.49+0.21a 0.39+0.17he 0.09+0.04ab ND ND 0.013+£0.002be  0.000 2+0.000 2a
GB 2715—2005 — — — 0.1 0.2 0.1 0.02
T : BB AR R F-F/E 28 B Duncan’s 278 H40 25 55 8. 35 (P<0.05 ) ;s ND FoR“ KA H 7,
xR 8 AELEINNEREFRETERIENHI (mg-kg')
Table 8 The concentrations of trace elements in wheat straw in different treatments (mg-kg™)
43 Zn Cu Cr cd Ph As H
0.5N 5.2+0.3a 2.2+0.1a 22.0+0.5a 13.3+0.6a 0.06+0.01a 1.8+0.1a 0.27+0.03a 0.017+0.002a
0.55+0.5N 7.0+0.5ab 2.6+0.3ab 15.4+1.2a 10.4+0.8a 0.06+0.01a 1.7+0.1a 0.26+0.01a 0.020+0.003a
1S+0.5N 7.0+1.1ab 2.6+0.5ab 21.2+2.9a 13.3+1.9a 0.06+0.01a 1.9+0.2ab 0.29+0.02a 0.021+0.004a
25+0.5N 7.8+2.8ab 2.6+0.1ab 20.0+2.1a 13.3+1.4a 0.06+0.01a 1.9+0.2ab 0.28+0.02a 0.020+0.00a
45+0.5N 11.4+0.6b 2.8+0.3b 16.2+1.2a 11.1+£0.9a 0.06+0.01a 1.9+0.1ab 0.28+0.03a 0.024+0.003a
1J+0.5N 6.3+0.7a 2.6+0.3ab 21.6+5.0a 12.9+3.7a 0.06+0.01a 2.3+0.1b 0.36+0.03b 0.025+0.004a

1 FIFNEME AR 4 8 ] Duncan's 28 H#R 22 57 1 35 (P<0.05)
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Table 9 The concentrations of trace elements in corn straw in different treatments (mg-kg™)
Kb 3 Zn Cu Cr Ni Cd Pb As Hg
0.5N 12.75+1.2ab 6.83+0.4a 4.29+0.83ab 0.44+0.05a 0.050+0.00ab 0.85+0.2a. 0.23+0.004b  0.017+0.017b
0.5S+0.5N 16.57+1.3ab 7.26+0.6ab 5.90+2.36b 0.43+0.06a 0.065+0.00bc 0.90+0.1a 0.21+0.014ab  0.014+0.014ab
1S+0.5N 20.53+3.4b 7.67+0.7b 7.31+0.91bc 0.55+0.06a 0.052+0.01ab 0.72+0.1a 0.20+0.027ab  0.018+0.018aab
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Figure 2 The relationship between the concentrations of trace

elements in straw and the application amounts of biosolid
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Table 10 Bioaccumulation factors of wheat straw and grains

for trace elements

R MY A3
JLR WA 05N 0.5540.5N 1S+0.5N 2S+0.5N 48+0.5N

Zn  FEFF 01252 0.151a 0.139a  0.116a  0.153a  0.137

FPRL 0489 0.587b  0.585h  0.497a  0.573b  0.546

Cu F5FF 0.132a 0.149a  0.146a  0.133a  0.140a  0.140

¥R 028la  0297a  0.320ab  0.287a  0.300a  0.297

Cr  F5#F 0408a 0.234c  0.38la 0.385a 0.315h 0.345

KL 0.027a 0.022 8ab 0.014 4b 0.017 3b 0.017 5b 0.020

Ni  F5FF 0478¢ 0324a  0.469c  0.500c  0.414b  0.437

FPRL 0.0061b 0.003 1a 0.003 5a 0.004 1a 0.003 4a  0.004

Cd  FEFF 0.541a 0.541ab  0.545a  0.508ab  0.444bh  0.516

PR 0270a  0.180c  0.181c  0.169c  0.222b  0.204

Pb  FEFF 0.178a  0.160a  0.183a  0.165a  0.162a  0.170

KPR 0.008a 0.008 5a 0.007 7a 0.009 6a  0.094a 0.025 7

As  FEFF 0.026a 0.0250a 0.027 9a 0.025 9a 0.025 2a 0.026

FHRL 0.005a 0.006 7a 0.005 8a 0.006 5a 0.006 3a 0.006 2

Hg #%FF 0.155a 0.133a  0.091 3b 0.040 Oc 0.038 7¢ 0.091 6

AR 0.118a 0.086 7b  0.047 8¢ 0.022 2¢ 0.016 1d 0.058 2
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Table 11 Bioaccumulation factors of corn straw and grains

for trace elements

St M kb3
JGE WL 05N 0.5S+0.5N 1S+0.5N 28+0.5N 4S+0.5N

T

Zn F5FF 0307a  0.357ab  0.407ab  0.432b  0.468b  0.394
KL 0406a  0405a  0.381b  0.303b  0289b  0.357
Cu F5FF 0410a 04152  0431a  0424a  0.440a 0424
KB 0.091a  0.105a  0.09la  0.076a  0.075a 0.087 6
Cr F5FF 0.079 6a 0.089 7a 0.131b  0.171b  0.153b  0.125
FKL 0.001 9a 0.005 2ab 0.007 4b 0.007 8b 0.005 5ab 0.005 6
Ni F5FF 0.0159a 0.013 4a 0.019 4b 0.0319 6b 0.0187a 0.019 9
FKL 0.005 1b 0.003 4ab 0.005 5b 0.002 1a 0.002 4a  0.003 7
Cd F5FF 0447b  0.584c  0471bc 0.667cd  0.308a  0.495
¥R 00022 — — 00093 — 00058
Pb #5FF 0.083 8a 0.0850a 0.069 8a 0.088 8a 0.073 la  0.080 1
AFHE 0011 1b 0.005 8a 0.0209d 0.0130c  — 0.012 7
As FEFF 0021 7a 0.0203a 0.019 3a 0.026 1b 0.017 9a 0.021 1
FPRL 0.000 7a 0.000 7a 0.000 9a 0.000 9a 0.000 9a 0.000 82
Hg ##F 0.151a  0.095 4b 0.078 04b 0.043 3¢ 0.029 7¢  0.079 5
¥R — — 0.0020 0.0008 0.0014 0.001 4

Cd Hg 15 48 2% E 08/ (P<0.05) , 1fif Cu FT As 7F
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