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Abstract; To characterize heavy metal accumulation in crops in reclaimed farmlands of tidal flat and the relation-
ships with reclamation ages (20, 30, 40, 60 years), nitrogen (N), phosphorus (P) and N/P, four crops including bar-
ley, wheat, rape, and broad bean were collected in the reclaimed farmlands in Yancheng City. Concentrations of Cd,
Cu, Zn, Pb, Hg, As, N, P and crude protein (CP) and N/P stoichiometry in root, leaf, stem and grain were measured
and then the relationships among heavy metals, reclamation ages, N, P, CP and N/P ratio were analyzed. Single fac-
tor pollution index and Nemerow comprehensive pollution index (P,) were used to evaluate heavy metal pollution
and safety in crops. The results showed that, 1) the concentrations of Cd, Cu, Zn, Pb, Hg, As, N, P, CP in whole
plants were (0.52+0.94), (12.98+16.00), (34.93+27.91), (3.50+5.88), (0.0063+0.0063), (1.94+3.72) mg-kg" and
(13.69+8.27), (5.98+2.24), (79.55+49.54) g-kg"', respectively. Whereas, the concentrations of these indexes in
grains were (0.0059+0.020), (1.83+1.48), (11.13+4.45), (0.09+0.30), (0.0023+0.0036), (0.0021 £0.0048) mg - kg™
and (1921+7.68), (6.04+1.64), (111.78+47.81) g-kg™, respectively. 2) The distributions of heavy metals, N and
CP, and P in crops followed the order as root>stem and leaf>grain, root<stem and leaf<grain and root>grain>stem
and leaf, respectively. 3) The reclamation ages did not alter the concentrations of heavy metals, N, P, and CP, and
N/P ratios, and P, significantly (P>0.05). 4) The average values of single factor pollution index of heavy metals in
grains, except for Pb in a few samples, were less than 1. 5) The average value of P, was 0.38, which indicates the
concentrations of heavy metals in crops in reclamation farmlands were generally safe. While, Pb concentrations in
specific samples of barley, wheat and board bean exceeded the warning line. 6) In whole plants, significant positive
correlations were observed among heavy metals, as well as between heavy metals and P (P<0.01), and significant
negative correlations between heavy metals and N, CP and N/P ratio (P<0.01). In grains, the correlations were all
not significant. Our results showed that reclamation ages rarely affected the heavy metal accumulation in crops in
the reclaimed farmlands. The Pb pollution is urgently needed to be concerned and the risk of all other heavy metals
are acceptable. In crops P likely promotes the accumulation of heavy metals, while nitrogen disables them, so high
N with low P may reduce risk of heavy metals in crops.

Keywords: heavy metal; crop; tidal-flat; reclamation; Yancheng City
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Fig. 1 The study area and crop sampling sites
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FEREAE SR R, N 5 o B LB A ) ) AR A A Ry
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R ESY AR I T B X & BT 2L A Ak
B (R AR £k e B AT RE A R 2 DL i 2 4R 4 HL
RN NP & FIN/P L, 78 2R R L R0 T
YEH) N P & Fl N/P EL I oA Il 6] B ) ] 222 B R0 1
PR
2.4 W B IXRAEWATR E 48 15 YT
2.4.1 TG AR ECS HbR R

MR B DXAE AR B 4 8 PR DN 15 YedR Bon 3¢
3PN, BT S VRV FE R AR B g

RENF 1, R BE LS ELE AR,
TG Y8 B E KNI A Pb>Zn>Cu>Hg>Cd>
As,Pb Fll Zn AHXTES S, 343K B 505 YeokoF g
S3FERR Po S U5 AR B0 1 BARE N 1%,
FER/NERPRL, BB 53 b IX T BEAFAE Pb 54,
Cd . Cu Hg As 7EiZ i X AE P FF AL Bk AL T 1E
B HOKF,

25 T 42 B TEAS [ E AR Fp %) B0 DR 75 e PR L
PIEA — 25, Cd il As BN IE# I 8K, %
Bl Cd il As 7EMEVR B IXA/EY) hi5 Y Ml X 8055 Cu
FE/NAZE FHSAT R o 3k B 5205 YeoKoF  fE R 27 fids
KPR R I H T 5K Zn FERFZ /N FL
SERPRLH IR B 15 Yo K- | T AR 2 R A I
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2.4.2 ZEEISYARE ST SRR

WETR B XA WA R 4R 25 5 15 YL iR B(p) M
TG YLERNGR 4 TR, VEVIATRL P, BI{E R 038, 3%
2 Ml DX B 4 AR B AE R A LA, 5 Y46
GOKT,87% FE S AL T & VB Z N BA 2% ik
BIEEES G AT, R3S R4 W LUE N EE
15U EEH Pb 1A,

MAEMZERIRTE SRR T34 P, YN T
0.7, W EK I 4 FEYAFRLAL AL T2 2 2
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Table 3  Single factor pollution indices and over-limit rates of heavy metals in crop grains in reclaimed farmlands

] Giil{H PP T15 Y4454 Single factor pollution indices
Crops Statistics cd Cu 7n Pb Hg As
SN
% .] = NA NA 0.033 NA NA NA
Minimum
=N
Hlj.(ﬁ 090 047 042 449 0.60 0.032
Maximum
B E
fEo &k YA 0.041 0.18 020 024 0.12 0.003
Whole plants Average
YK IEHH R IEHH R Bi5 g USRS IR H IEHH R
Pollution level Background Background Light pollution  Light pollution Background Background
A 0% 0% 0% 11% 0% 0%
Over-standard
/N
H_l ,] i NA NA 0.12 NA NA NA
Minimum
B NA 043 034 119 045 0.03
Maximum
o
KZE 9i NA 0.19 022 0.070 0.085 0.007
Barley Average
15 YK IEHH 5 IEHH S BRI5 Y EHWHER B H 5 IEHH
Pollution level Background Background Light pollution Background Background Background
e 0% 0% 0% 6% 0% 0%
Over-standard
SN
H.i .] H NA NA 0.06 NA NA NA
Minimum
Eij,tﬁ NA 037 040 449 035 NA
Maximum
INAE 5
ha YiE NA 022 023 0.67 0.04 NA
Wheat Average
15 YK IEHH R Bi5 g Bi5 g SREES IR H 5 IEHH
Pollution level Background Light pollution  Light pollution ~ Middle pollution Background Background
R 0% 0% 0% 25% 0% 0%
Over-standard
/N
BAME NA NA 0.04 NA NA NA
Minimum
Eij.tﬁ 0.90 047 042 144 025 0.011
Maximum
I 1%
WK Yii 0.087 025 021 0.17 0.030 0.001
Rape Average
154K EFHER BRIy BRing By B 5 EFHER
Pollution level Background Light pollution ~ Light pollution  Light pollution Background Background
i 0% 0% 0% 12% 0% 0%
Over-standard
i/
H_i _J fit NA NA 0.033 NA NA NA
Minimum
=]
mj;{ﬁ 045 0.07 0.19 0.12 0.60 0.032
Maximum
Hr, HI{E
" YA 0.087 0.024 0.11 0.011 037 0.005
Broad bean Average
15 YK IEHH R IEHHE R IEHH R IEHWHER LESEPA IEHH R
Pollution level Background Background Background Background Light pollution Background
i 0% 0% 0% 0% 0% 0%
Over-standard
A B

1 DL AR SRR E AT AR AEN Y861 —2004) AR 3 ; P T-i5 Y5 <02 R 1E

s H 5t

,02 ~0.6 HEETGYIKF,0.6 ~1 A5 R KF >

1 TG YK I 5E R NA FoR ek

Notes: The criterion of judgment is the standard (NY861-2004) established by The Ministry of Agriculture of the People' s Republic of China; the single
factor pollution indices <0.2 is considered to be normal background values; 0.2-0.6 is light pollution level, 0.6-1 is middle pollution level; >1 is heavy
pollution level, and judged to be over-standard; NA represents unable to calculate.
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Table 4 Pollution levels and comprehensive pollution indices of heavy metals of crop grains in reclaimed farmlands

V5 Y4444 Pollution level

LA AR
. . T4 Bk BRI TR S g EREGY
RAEY) i E Comprehensive
. Warning Light Middle Heavy
Crops Statistics pollution ) } ) )
Safety line pollution pollution pollution

indices (P,)
(P,<0.7) (07<P,<10) (10<P,<20) (0<P,<30) (P,>3.0)

v i%/]\{ﬁ Mini.mum 0.05
Whole plans Hij(ﬁ'—]_ Maximum 322 87% 3% 8% 0% 2%
J{H Average 038
fz/IMA Minimum 0.10
= #x KAH Maximum 0.85 94% 6% 0% 0% 0%
Barley I{H Average 026
e 'f_["_;‘_(‘/l\'fﬁ Minimum 0.15
Wheat 5 KA Maximum 322 69% 6% 19% 0% 6%
J{H Average 0.63
. #/IMB Minimum 0.05
- i KAH Maximum 1.04 88% 0% 12% 0% 0%
Rape I{H Average 036
) fiz/IMA Minimum 0.09
Broa;i bean 5 KA Maximum 043 100% 0% 0% 0% 0%
Y{H Average 028

RS MEBERREVELE.R. B FEEAK N/P LLH Spearman X 5317
Table 5 Spearman correlation analysis among heavy metals, nitrogen, phosphorus, crude protein and N/P

ratios in crops in reclaimed farmlands

cd Cu Zn Pb Hg As N P N/P CP
cd 1
067"
Cu 1
(-023)
065" 079"
/n 1

(-0.07) (-0.13)
071" 072" 076"

Pb 1
(-0.13) (-0.10) 0.09)
He 043" 056" 063" 062" 1
0.18) (026" ) (0.10) (-0.05)
As 047" 066" 0.64™" 062" 055" |
(-0.06) 0.14) (-0.05) 0.09) 028" )
N -048"" -0.57"" -0.53"" -0.58™ 042" 0417 |
0.15) (-0.10) 0.11) (-0.10) 044" (-0.01)
. 033" 033" 024" 0417 029" 0417 -0.12
022) 0.11) (-0.05) 0.19) 0.15) (-0.06) 039™)
NP 051" -0.59"" -0.50"" 063" 042" 045" 0.84™" -0.59""
0.05) (-021) 0.08) (-0.17) 0447 (-0.03) 0.79"") (-0.19)
cp -0.50"" 057" 052" -0.58"" -040™" 040" B -0.12 084" X
0.10) (-0.11) 0.12) (-0.10) 048™) 0.03) 035™) (081"
TE 355 PUON AR SR ; — A7 7E F MG 250k n=186 7KL n=63, * ** *** FIRA7E 0.05.0.01 F10.001 K FAFEAE B EARSENE,
Notes: Correlation coefficients in parentheses are data of grains; — represents autocorrelation; whole plants, n=186; grains, n=63. *, **  *¥* represent

significant correlations at the 0.05, 0.01, and 0.001 levels, respectively.
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Fig. 3 Comprehensive pollution indices of heavy metals of crop grains in reclaimed farmlands with different reclamation ages

HAaJE S N CP HFFTE 35 A E G R (P<
0.01), 15 P AFA7E B 1IEA X R (P<0.01), Btk
WAE A R R P LR i 4 AR BB ] REAE
TEAHE S G R , T4 @ A P 22 W) 4776 — 2 (A
HARHEVER AN AR B A AR — i 45 BT
TER . Btk £HEE S5EY NP 7 3%
TR (P<0.01), TR ZURBE B SR L RL
AROUAT BY TR TR 4 Ja 7 8, 1 0 20 o s 000 T e 4
HHES RN R,

WF9E R R A & i BRI S E 4
JEBEEA—ERARY HXF TR Z MM E LR
HETH A S — AL, PR 5 4208 0 Ik
W P 5H AR IS8 BAE R 5 2%, RZ G L
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T4 B IR S 45 A RS T E 4 8 A Il S 4 A
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JN/P LI 5 2 0] 6 Bl S [R) i DX R [ AE 91 5
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K MER B IX 4 FEYIR R AR E R DA B TES
JE W E 4 AR 5 DR B B e VR P P i i

P EREAR T RUREINE SR E R,

FrRirf BR He b, S EA B2 ELEES N,
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