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Fig.1 Sketch map of the study area
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Table 1 Analysis methods of the soil and rice samples

S
s g b brfE R

> I
zz . AFTE R AR AR
(%) (%)
pH B3 0.1 100.0 100.0
As HG - AFS 1 100.0  100.0
Cd ICP - MS 30 100.0  100.0
Cr JE il XRF 5 100.0  100.0
43 Cu ICP - MS 1 100.0  100.0
Hg CV - AFS 0.5 100.0 100.0
Ni ICP - MS 2 100.0  100.0
Pb ICP - MS 2 100.0  100.0
Zn ICP - MS 2 100.0  100.0
As 7, AFS 0.1 100.0 100.0
Cd MR, ICP - MS 10 100.0  100.0
Cr WO AR, ICP-MS 0.2 100.0  100.0
i Cu ekl ICP - MS 1 100.0  100.0
‘ Hg %@, ICP-MS 0.5  100.0  100.0
Ni MR, ICP - MS 0.2 100.0  100.0
Pb ekl ICP-MS 0.5 100.0  100.0
Zn iR, ICP - OES 2 100.0  100.0
1 Cd Hg T &k M BR AN ng/g, HARITTE N mg/kg,

PRREE . V5 IPMARIER TS G (P, < 1) 520005
(1 <P <2), BB (2 <P, <3), P EITH
(B<P<5) ,HEGR (P, =5) . AIIGRAGEN
3 4 T R I (R 5 A P S e U
O PEAR =2 L, Ui 228 (1 2 TR 58 DX 4 i A T 6 A8 (0K
HT) A58 pH {ERZEFE

K FH SPSS(20. 0) 58 i, Pearson #5173 #r 5 >R
JH Excel ( Microsoft Office 2010) % CorelDRAW X8 5¢
I I
2.4 AR bRE

AR PR o A Tt - 3 7 e XU 8 4
PR (177) ) (GB 15618—2018) , 25 G5 M & -3 pH
A E MK H I AR E S BT R R, 5 &
B TC R I E (AT Fo A, PR RIS o i

AR B K b B 4 Jm oo R R B S S I K
PECE R ERPRE a5 YR E) (GB
2762—2017 ) Hh A oK (K&K ) H 42 Jm FRAE 1Y bL AL 45
A il E S = AR By

3 gRkbihe
3.1 KERA BRI BRI
XA R LR SRS B2 5 T
F£2, WNERPEIRTH, 54 EH LR &Y
{H M, WF9E X Cd  He V-3 5 o 40 [ 300
— 885 —



56 1 # o5 W S
http; // www. ykes. ac. cn
2 PR SEICRSE VM (N =264) DX R S bR R
Table 2 Concentrations of heavy metals from study area, regional background and the safety limits
it As Cd Cr Cu Hg Ni Pb Zn
R (mg/kg) 39.6 2.65 223.2 113.3 2.02 77.5 127.3 583.7
/ME (mg/kg) 1.5 0.10 11.6 6.1 0.02 1.03 21.8 42.9
A (me/ke) 6.0 0.28 50.7 2.6 0.13 17.9 36.2 84.8
L (mg/kg) 4.8 0.23 44.3 20.4 0.11 14.2 35.1 76.3
PrffE2E (mg/kg) 4.0 0.24 28.7 12.3 0.14 11.7 9.7 46. 1
R RE(% ) 0.67 0.83 0.57 0.55 1.02 0.65 0.27 0.54
4 E 4 S (H (mg/kg) 11.2 0.097 53.9 20.0 0.047 23.4 23.6 67.7
G 3 S (mg/kg) 6.49 0.19 39.1 18.03 0.098 12.45 35.12 72.13
V5 Y EFFREGE 0.23~6.10 0.51 ~13.67 0.30~5.71 0.34~6.28 0.23 ~20.65 0.00~6.22 0.62~3.63 0.59 ~8.09
(EH91H) (0.93) (1.46) (1.30) (1.26) (1.34) (1.44) (1.03) (1.18)
BATG G YL B 0.05~1.32 0.29~3.11 0.07~0.72 0.12~2.27 0.08~4.05 0.00~0.89 0.12~0.64 0.23 ~1.87
CEHID (0.24) (0.76) (0.19) (0.41) (0.29) (0.25) (0.39) (0.40)

AT R 3 1% As [ Cr Ni FX & g T
A TR SR 5 Cu Pb Zn S RIET
SETHOTE SR, S ey
ML BFFE X Cd \Hg -2 548 41 2 b+ 39 75 5t
B 1.5 £ AT R T 40 5 T 4 1 A 1
HETF S . BFSEIX N4 T 4R I B SRR AR ], S
SR, T RESZ 2 X P4 AT R SRR 5 Bk AL 2
FRAE MBS R R . BFEIX H IR 4R
S RBHEF H:Hg(1.02) > Cd(0.83) > As(0.67)
>Ni(0.65) >Cr(0.57) >Cu(0.55) >7Zn(0.54)
>Ph(0.27) ., Hg (978 5 R ¥k, Pb (978 5 R %K
/N7 R AR A S AR 0.5, TR R G
[ e N S N IS = A o T 51
5 A BB 22 RN A X

w45 DX R R 2 SR, PR R Y
FHA—EMES . A SIS X BTk 14 1 7
SR AR T R LR AR S e R
B, A5 BFFE X T 4R 175 e BAE BOP B

%3 BHER SR ZI Pearson HEE AL

Table 3  Pearson correlation coefficients of heavy metals in soils

(ASRITFE A : Cd (1.46) > Ni(1.44) > Hg(1.34)
>Cr(1.30) > Cu(1.26) >Zn(1.18) >Pb(1.03)
> As(0.93) , % CER 5 Y BRURELE T R—uE g 2
BAAAHZEAKR

PL GB 15618—2018 i %f i pH {E £~ 175
RS 7 B (B A b o, AR5 30 45 11 4 S T YL dR 4K
FIE B AR AT Cd (0. 76) > Cu (0. 41) >
Zn(0.40) >Pb(0.39) >Hg(0.29) >Ni(0.25) >
As(0.24) >Cr(0.19) . HHEFI5 Y35 HOTA br
e s e i Cd 2 19 11, As Oy 2 1, Zn fy
2 RS YR S Cd g 2 4, Cu g 2 5
TSYRE G Cd g 2 15 He O 2 4 JOE BE TS Jept i
H, Cd AR BCR LA 23 7F, KR TT R @BAnHE
i B AR T2 1, AR N 8. 7% . T Cd Y
SHE 2 B (UL ) AR HEA A
H i LU B i, 25 2 B VE RO 4, Cd AR 1Y
A TR Cd B R SRR

iy 344 T4 B TR Y Pearson MIERE(F 3)

g

. As Cd Cr Cu Hg Ni Pb Zn

TR

As 1 - - - - - - -
Cd 0.179** 1 - - - - - -
Cr 0.298 " * 0.360" " 1 - - - - -
Cu 0.192** 0.555** 0.630" " 1 - - - -
Hg 0.113 0.186" " 0.062 0.099 1 - - -
Ni 0.243"* 0.404 "~ 0.764 " 0.625** 0.121 1 - -
Pb 0.094 0.581"* -0.033 0.173** 0.162"* 0.044 1 -
Zn 0.164" " 0.719" " 0.367" " 0.613"" 0.047 0.451" " 0.525"" 1

T AR * = " FIRTE 0. 01 K- (UM b BFAHS,
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R (L5 Cd.Cu Hg 3 IEMK) LLAN, HoAl 5 4 )8
TR Z I 2 AR (P <0.01) , B L1 TR
BIRAR AT RERA AR . 255 0T X PR BERAIE
5 M S S, AR - 3 < T ORI T A B SR
1 B 2R
3.2 WARESRES B LAV

LA 4 1 GB 2762—2017 A5 K (B K )
B E R AA: Pb (0. 2mg/kg) | Cd (0. 2mg/kg) |
Hg (0.02mg/kg) \Cr(1mg/kg) K45, WA 0F 58 IX
FEARKE AL PR OL, A5 R LR 4 ARUCREER] 264
PERORAE AR Cd s 55 7, Cr AR 1 1, Pb bR
6 14, HbRE 45k 20.83% .0.38% F12.27% , H
FARUKE R RE B AR SRR, GB 2762—2017
ZH T OREOK TCALAH RO 0. 2mg/kg, R 245 HH A OK
CREK ) e o P2 R, SIOIGTA MERR 2 7 K A 119
HFRAR O o (EAS YR SR 1 264 PERORBE dh b, A
207 PERE b SRR EE /N T 0. 2mg/kg, 45 AT LLE
AT X RE K TCHLRH AR A AR

#4 FRESRES RSN OSE(V =264)
Table 4 Contents and statistical characteristics of heavy metals

in rices

U] As Cd G Cu Hg N Pb 7n
A~ ELAT 45
EE el 0.154 0.125 0.196 3.157 0.005 0.428 0.071 20.308
(mg/kg)
MARLEIRER 02 1 ol - 0a
(mg/kg)
B IEE (1) - 5 1 -0 - 6 -
Fokmbr%(%) - 20.83 0.38 - 0 - 221 -

TR EEZRE 0.033 0.543 0.005 0.161 0.049 0.031 0.002 0.266

WA Cd ABErERT AR AR Cu,
Zn SEFHYIE IR 0 R B W2 B AN TR R ) ARG
B AT R DS KRR CuZn i
Cd &5 B FHIEMK(0.406,0.273,P <0.01) ,1X
55 Li S E Cd (A e, RA Y B R0 R
WA TE S AR AT, B Cd\Zn  Cu ] BB A 1E
AR 3 10 B o e 5 00 B S 2B AR 22 [ T i 41 1
JUR IR RESE , AR L3P A T B, (AT RE
HAARR AR R AT EZS , WA AE T - S
SRS B B, B Cu Zn AT Cd 2 [8] AT BEAT
TEF PRI AR o

HA R A EEARBIRDK, FTRES R A EE 4

J& SR, o) S A B 7 A T A 1 B o AR ST IX R
KFMR R L3 Cd BIn 8 Am, HAESGE
e .

3.3 IEE-FRREHESBAEXSR

WEREESEEERUEMESRAE LT
JCE SR A, B BCF) ok 2 B AR P %t + 58 42 )@
TCEWCEEMNRE S PB4 ME, Rk
Xf +HEE 4R T R 0w A R BT R Cd (0. 543)
>7Zn (0. 266) > Cu (0. 161) > Hg (0. 049) >
As(0.033) >Ni(0.031) >Cr(0.005) >Ph(0.002),
P EFRICE Cu Zn Y E £ REULT Cd, i XEH L
Herp Cd TR AW A R TR EFRITTE Cu,
In, KEHFIEN LEFOKES B TS K
MRS FAH MBI A S Cd b f) 5
T A LT i - s b T 4 R Y
BN 2%, A 2 H I3, R B 2 in 2
AHLIERL 2 B3R 8 Cd i AR & KOG
AR WFSE IX R H R4 A LR, A g4
B Cd V5 5 R o Cd AR B 5 4 L A o
FRR, RN Cd JT &K B 0 1 & SERE 1 Sk I T
SR B FRAKT RN, T RE S X B BT AN N R i e e A
B, 5 Cd MLk, As . Cr Hg Ni \Pb ) & £ R EAR
/N FRIAFE RN IX SE T 4 @ T 2 19 & 2R I

Y S L RS E SR MFERE LR,
T 830 5 Y X A7 B R EY) 200 25 S T 2 2R
AR AGRAIE . BF5E X 39 SRk 48 & A0 H
KM e B Hg SO AE 3 - Rk Z ]
FPAE R 5 A DG M R A 0.324 (P <0.05) , 1
RICE I TC 3 A O YLl T 4 - FE oK =[]
As .Cd Hg . Zn JCEAFTE & EAE MK R B0 3
7:0.286 (P <0.01),0. 138 (P <0.05),0. 159
(P <0.05),0.196(P <0.01)

Jelis B SITINTHAAAE R b 25 5, ol BB S5 5%
XM S22 T a0, MHREFORE , B &
STl 4 )8 T4 U R B B i, Cd  Hg 7645 1Y
RUUBWI & e, BRI U R VTR &
B EEZ IR, MiLILT R EE KER
ATV T BRHOR ACEE R KL S P 4
J& 2 AR UE A F A 3 T e v s, S 80%
i IX Z PP 4 JE e 3 FVE Y Hh 2 8 35 IR A G
3.4 LIERRORERT L3 - (P ASPESEN

A

5T IX 1 48 pH {H hy FR 1 21 55 Ak P (4. 73 ~

7.84) LI K 5. 66, Hirfia k(4.5 ~5.5) 55
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Fig.2 Relationship between Cd in rices and pH of soil
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Concentration of Heavy Metals in Soils and Rice and Its Influence by Soil
pH in Jinqu Basin

LIU Dong'*”, HE Ling'?*, WEN Xue — qin’, SUN Bin - bin'?, ZENG Dao - ming'’,
WU Chao'*, CHENG Xiao — meng"”*
(1. Institute of Geophysics and Geochemical Exploration, Chinese Academy of Geological Sciences,

Langfang 065000, China;
2. International Centre on Global — scale Geochemistry, UNESCO, Langfang 065000, China;
3. College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

HIGHLIGHTS

(1) The characteristics and mutual relationship of heavy metals in rice and root soil in typical areas of Jinqu Basin

were investigated.
(2) The effect of pH on the transport of heavy metals in soil — rice system was discussed.
(3) The research results provide reference and basis for the prevention and control of heavy metal pollution and

ecological risk assessment in soil acidification areas.
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ABSTRACT

BACKGROUND: The absorption of heavy metals in soil by crops is affected by various factors such as crop types,
collection sites and physical and chemical soil properties. In recent years, soil acidification of an area in the Jinqu
Basin has increased year by year, and the degree of acidification has gradually deepened.

OBJECTIVES: In order to find out the content characteristics of heavy metals in soil and crops, the influence of
soil acidification on the absorption of heavy metals by crops was studied.

METHODS: Based on 264 samples of root soil — rice samples from a typical area of the Jinqu Basin, the
characteristics and influencing factors of heavy metal content in soil and crops were studied.

RESULTS; The results showed that; (1) The variation coefficient of most heavy metal elements in 264 soil samples
was greater than 0. 5. Significant positive correlations (P <0.01) occurred among the elements of As, Cd, Cr,
Cu, Ni, and Zn in soil. 23 soil samples of Cd exceeded the standard, and the over — standard rate was 8.7% . The
soil samples number of other elements( As, Cr, Cu, Hg, Ni, Pb and Zn) exceeding the standard were no more than
2. (2)The contents of Cu, Zn and Cd in rice were positively correlated, and the enrichment coefficient of the toxic
heavy metal element Cd was higher than that of plant nutrient elements Cu and Zn. (3)Zn and Cu in rice were
positively correlated with soil pH at P <0. 1. Bioconcentration factor (BCF) of Cd, Cr and Hg were negatively
correlated with pH.

CONCLUSIONS: It is believed that adjusting soil acidity will reduce the activity of Cd, Hg and other heavy metal
elements in the soil, in order to achieve the goal of minimizing the absorption and transport of heavy metal elements
in crops. The research results provide scientific data for local food production safety decision and reference for land

management and protection.

KEY WORDS:: soil; crops; heavy metal content; bioconcentration factor; influencing factors
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