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Abstract: In soil-crop system, the absorption of elements such as Cd and As by crops is related to complicated factors,
among which the interaction between elements is one of the majors affecting the bio-enrichment coefficient. To study the
interaction between heavy metal elements in soil-rice system, 89 groups of rice seed and root soil samples are collected
in Qing’an area, a typical rice production base in Heilongjiang Province, and heavy metal contents in the samples are
tested. The correlation analysis is used to study the relationship between heavy metals in rice seed and root soil. The
results show a positive correlation between heavy metal enrichment coefficients of rice seed. The enrichment coefficient
of Cd in seed is negatively correlated with Se in soil, as well as the enrichment coefficient of Cu in seed with TOC in

soil. Heavy metals in seed mostly have a positive correlation. There is a positive correlation between Zn in seed and As
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in soil, and a negative correlation between Cu in seed and Cd in soil. In the soil-rice system of the study area, the

factors affecting the absorption of heavy metals by rice seed are very complex, with various synergistic and antagonistic

interactions between elements, and their interactions need to be further studied.

Key words: rice seed; root soil; heavy metal; correlation analysis; Heilongjiang Province
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Fig. 1 Location map of sampling sites in the study area
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Table 1 Analytical methods and detection limits of samples

THERAR MR KR || AR Ak KR
Cu XRF 0.89 Cu ICP-MS 1.0
Pb XRF 1.86 Pb ICP-MS 0.1
Zn XRF 178 Zn ICP-MS 1.0
cd ICP-MS  0.007 cd ICP-MS  0.03
Ni ICP-MS 0.5 Ni ICP-MS 0.1
Cr ICP-MS  0.204 Cr ICP-MS 0.2
Hg AFS 0.005 Hg AFS 0.01
As AFS 0.65 As AFS 0.3
Se AFS 0.01 Se AFS 0.005

TOC VOL 0.05
pH B 01

TE:XRF 24 X HHR2¢ 0GR, ICP-MS %5 8 A Btk : , AFS I 5T
PG, VOL AR & RS TOC %, HARILR Ky 10,
32 SiiiRRE

A AR S A B R AR A 8 A — AR HE ) i
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TR 22 (RSD ) S A6 38 43 B 7 v 1 Y Affy 32 RO 285 B8 (3R
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Table 2 Accuracy of soil sample analysis method
bk Cu Pb Zn Cr Ni cd Hg As Se TOC
GSS-1 0.02 0 0 0.002 0 0 -0.003 -0.02 0.01 -0.03
GSS-2 0.01 -0.03 -0.01 -0.006 0 0.02 -0.005 0.01 0.01 -0.02
GSS-3 -0.02 0 0 0.004 0.01 0.01 -0.003 -0.01 0 0.01
GSS-4 0.03 0.01 0.03 0.002 0.01 0 0.01 -0.03 -0.01 0.01
GSS-5 -0.02 0 0 -0.006 0.01 0 -0.01 0.01 0 0
GSS-6 0.01 -0.01 0 0.004 0.03 -0.01 0.005 -0.01 0 -0.01
GSS-7 0.02 -0.01 0.02 -0.002 0 0.01 -0.02 0 0.01 0
GSS-8 -0.01 -0.02 -0.01 0.013 0 0 0.006 0.02 0.02 -0.01
x3 ITEHROSNAEREE
Table 3 Precision of soil sample analysis method
[N Cu Pb Zn Cr Ni cd Hg As Se TOC
GSS-1 5.02 0.99 1.06 0.92 3.12 4.33 6.317 5.95 7.8 0.99
GSS-2 4.41 7.87 2.84 1.31 5.19 4.84 8.544 431 7.88 4.62
GSS-3 5.57 2.66 2.08 1.82 5.74 3.73 7.69 439 8.29 5.14
GSS-4 6.28 2.14 6.07 0.79 3.71 5.78 5.404 3.85 6.3 5.23
GSS-5 5.51 0.39 0.37 1.79 3.26 3.67 6.314 6.83 5.43 9.83
GSS-6 1.51 1.44 0.84 1.53 4.83 4.45 5.533 453 3.45 2.65
GSS-7 45 7.31 4.15 1.83 3.67 4.7 6.13 6.89 8.94 456
GSS-8 3.48 6.53 3.33 1.82 4.2 5 7.866 3.09 9.32 8.26
AR HE AR 22 407 2 %e.
4 HR5L 62.50% .57.14% .50.00% F1 40.00%. M 4% 0% &4 &
4.1 KBHXRTESEESFTEHIK FFE BORE ,In WEERIIRIER, HERECY 28.07%, H
411 TEREREERH KJ2 Se Hl Cu,Pb 15 5 REUR/N, 1 0.23%. /K

IKAEFF L & 4R RECHK APt R S B SR AL
HAXT R TR S i L AR BRI T R 1 AR
FEC R A RAE SUKFTFFSLZ00 R & 4R REURCE 1Y
EAERIZICR N E L RE. IR HLIX 89 LK FFFT
SRR AR E S B ST R IEAS ST A R
(£ I, KRR LS ICR W ERmMEIS,
ZS AR L TOC 1728 5 R B0GE 5 39.44% , HoAth
JCE IS S RBUG/NT 30% K FEAF e h & e K &
IATAIE] 22 A, Ho Cr SR AR 5 REGE
#| 133.33%, Cd.NiHg il Se #7255 2 %05 %3k 3

SR E S JEICER | R R B KB NIUT HES Dy
Zn>Cu>Hg>Cd>Ni>As>Cr>Ph. #F5Y X + 3 pH 22 4k7E
FEI7E 5.19~7.39 Z |1, Z 52 FR kA
412 REEERBZEMNXR

h T WEFEOKREAF S 45 U R B A R A R G
RS IR B R R T T AT (B 2). 45
FBH . JKAEFFSE Cd 5 Cu Ni & 4 RECER AR 25 IEAH
KKFZ(P<0.01) MK FRE 74 0.56 F10.58; 5 Zn.,
Se & A& REUE I 2 IFAHOC K R (P<0.05) , #H5C R B4y
H124 0.27 #1 0.25. AKFEFFSE Cu 5 NiZn.Se BHERE
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Table 4 Element content characteristics statistics of rice seed and root soil in the study area
WAL TR
JLR HERE
FRME /ME FEIE brifEze  BRRE KA FoME FHE b2 BRRE

As 23.9 7.4 10.89 2.26 20.75 0.31 0.06 0.11 0.03 27.27 1.06
Cd 0.19 0.05 0.11 0.03 27.27 0.026 0.002 0.008 0.005 62.50 797
Cr 78.7 50.5 60.96 4,97 8.15 1.66 0.07 0.18 0.24 133.33 0.29
Cu 31.6 18.7 24.53 2.50 10.19 5.24 1.44 3.00 0.69 23.00 12.40
Hg 0.08 0.02 0.04 0.01 25.00 0.011 0.001 0.004 0.002 50.00 9.79
Ni 374 20.7 28.1 2.97 10.57 2.08 0.16 0.42 0.24 57.14 1.52
Pb 33.9 22.2 25.98 211 8.12 0.13 0.02 0.06 0.02 33.33 0.23
Se 0.52 0.18 0.31 0.06 19.35 0.13 0.02 0.05 0.02 40.00 14.93
Zn 98.1 56.7 70.91 6.85 9.66 28.6 13.9 19.78 3.39 17.14 28.07

TOC 7.77 1.06 3.22 1.27 39.44 — — — — — —
pH 7.39 5.19 — — — — — — — — —

LA TOC 5 R W R BN %, HARITR A 10,

SR A SE K R (P<0.01) , A2 R B3R 0.71
0.45.0.47; 5 As BERBEM D EHERMICLR (P<
0.01), HI5& RECH-0.27. KAFFFEE NI 5 Zn EHEREL
B BEFMELR (P<0.01), HERHHK 037;5
As BERBENE E MM R (P<0.01), K R AL
H4-0.30. FKFEHFSE Hg 55 Zn & 4 RECE N D & B4
KHKFR(P<0.01), MK ARECH 0.44;Hg 5 Pb B HEREL
B EEAIEE R (P<0.05) M Rk 0.24. D) 4%
AT, KA ESEF TR BRI M2 E
R FR X 58X T5 954 BIF o8 & BRI AR 22 Fr s X /)
FHLHESRICR B R R 28R EA R
3, RPN EE 4 JE O E R R AR AN
B PR WA G, W IS B2 A on R
A H AR 5.
42 TEBUMRMKEHFIESETEEEREN
=AU

TLRE LRGN A KA S DA, Wt
B pH.TOC, Jiih4ds, XU ZHMES R ITRAE L
BOKBRETNIBMESL. HHNESREITRE
L RFE L3 TOC Se & EAFIEAT T AH M43 H1 (B
3). ZERR I, KFEKFEE Cd BEERES 11 Se S 12
S B A 5656 R (P<0.01), 2% R EUH-0.30; Cu

EHEFRES TOC MR A R (P<0.01), H5C
FHCN-0.43. DR X 18 TOC a8 & P& &
3.22%), FIHESE 18 TOC XF Cu Y& B [ 52 1 i B
&, S8 AT Cu BT R R, BRAR T KRG Cu i
WAL

43 ITE-KBRGEHEERETLEZZEAMNEEEHR
43.1 KBHEPTELEZEANXER

KAE AR E—MERINE R, B8R
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RAEDIR G FE TR, S MAANEY A i 4
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Fig. 2 Correlation scatter diagram for enrichment coefficients of nine elements in rice seed
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Table 5 Correlation between element contents in rice seed
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Fig. 3 Correlation scatter diagram of enrichment coefficients of

heavy metals in rice seed vs. Se and TOC in soil
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