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Tab.1 Classification standard of soil environmental geochemistry
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Tab. 2 Content of heavy metal elements in the topsoil
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Pb/mg + kg ' 26.240 109.23 14.88  27.042+6.775 15.0 30 2.3 23.6 26.1 140
Cd/mg + kg ' 0.120 0.59 0.03 0.128=0. 049 33.9 41 3.2 0.132 0.125 0.6
Hg/pg + kg™' 35.690 548.20 10.84  36.96249.798 26.5 64 5.0 31 28 600
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Fig. 2 Spatial Distribution of Pb, Cd, Hg and As in the Topsoil
(a)Pb; (b)Cd; () Hg; (d) As
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Tab. 3 Content of heavy metal elements and their pollution index in root soil of the wheat and rice
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Fig. 3 Trend chart of enrichment factors of heavy metal elements in root soil of the wheat and rice

TERA ST BA BGR A EWALRE ) T R 1Y &
A7 B T LARE B L S 114 I A U VR 5 BN B K
Cd F 25 [8] 53 A K & H w8 TR 5 6 320 A B
A2 AUER S UK SR RO A R R R X Z E LR
b 22 5o W . AT RE S W R ER B U B 2 A AR
PRSI Cd & 3 2 2 WAL ER LA A R
SN E L e T Cd B R AE MR 22k . He
A PEN 1.8 ~2. 0, — BEIA N & R 190 4 (E %
AR R — R R E B4 LI R BRI AR 2
M Heg #9275 18] 73 A K F» HeAE S8 907 J 300 9 A 4 A B
B S B v e (L A X . 3 — R AE AR AN S R AE H
R N RAMIBRA AR A TE 2 5 NKE
£ XA J A 77 AR 3 2o A TP R A oK 5 0 I 4 )
(EPS
2.2 RELTPEEESEREFMASR

MAEPIAR Z B 4 ou 3R e S PR 4L
REDALUEH MR L Pb.CA P ETEEGT
RIZEHEGE 2) . KW Pb.Cd 7EMR R LA xE T3
JREMER AT —E M E L. M He As 3 &

WM ERAR £ >RZ LHES KR A L1
B XN A AR AR KR AR AR A X AR
Heg As; iR B0 & 82 5+ R, Pb 214k
ZRIY=<20% .1 Cd.Hg, As L R B >20% .
TR A L Pb 1 %308 o3 A A% £2 € . X al g5
Ph £ 43 v (¥ 3 7 PR AH X0 55 47 6 L7 Pb 13X
—FHIESRZE L3 b Ph 3 048 1k & B0 e i Ry
EAH— 20 /N2 KRR 2R o 4 S e i
BORFE  Hdm (T 1. R W 238 50K 7™ b 1
PR35 M BR A 2 2 0 5 0 — 2 X /N KRR
A LIS RS BOR B N EMR AR £ PboHe 19
P TRFEMRA L KR A L CdoAs 1y
P ¥ m T/ANARAR 2 X AT RE R WA [A] 1 4 )
FHZEHY 0f -3 T 4 J 10 & 42 R 0 A TR TR
WA LAFE SR IUR & LN T (EF) B H A
W3, mk 3 AL AFFEIX As Pb HEN T E£H
IR 0. 5~1.5 Zf] » IA Oy 3255 Y iR i AR
1 A SR B L A 565 T He . Cd M7 1A R A
JE=1.5 MO0 I HBR A SR B i AR A, ik 32 F



6 27 TH,F . 2T TREE U ARAATEBAETHH R BN 799

N R RIERI T X 0] BE S AP AL SR 25 el Al Ry R

Ko WA MRA LTSGR IOCREENTFRENE 2.3 EYHPESESERERARE

PRASEORE AR 4 8 OU R A7 /£ He™>Cd>Pb, X E £ Z W 50K A REY H E SR ITR

As 13 ANFAED) A7 AE /N2 R AR =K AR & FORARIEREAT T AT () N FE KRR RERL
R4 DR KBHAERETFELRAL S EHIE

Tab. 4 Content of heavy metals in grains, stems and leaves of the wheat and rice

eyl TLE RAEE /ME mORME WEEEZE BRER/Y% FREES
Pb/mg « kg™' 0.12 0.09 0.17 0.12640.022 18. 14 <0.2
Cd/mg + kg™' 0.046  0.032  0.086 0.0488-0.013 28.37 <0.1
INFEFFRL(N=15)
Hg/pg - kg™' 1.87  1.39  2.57  1.87240.287 15. 35 /
As/mg - kg™' 0.032  0.028  0.065 0.036--0.010 26. 43 <0. 4
Pb/mg « kg ! 1.55 2.02 1.91 10. 63
Cd/mg « kg 0.067  0.089 0.077 12.03
INEE £ (N=5)
Hg/pg « kg™ 13.73  35.50 20. 86 40. 96
As/mg * kg ! 0. 81 1.25 0.99 16. 2
Pb/mg+ kg ! 0.09  0.06  0.17 0.097+0.024 25. 23 <0.2
Cd/mg + kg™' 0.031  0.006 0.091 0.03640.0215 59.13 <0.2
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Hg/pg- kg ' 3.2 0.88  5.58 3.13241.058 33.76 <10
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Ph(mg/kg) 0.70  1.79 1,22 36. 42
) Cd/mg - kg’ 0.077  0.088 0.082 5. 30
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Hg/pg * kg™ 9.00  15.08 12.33 17.79
As/mg kg ! 1.65  3.072 2.17 26.3
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33.05 46. 46 20. 69 33.44+7.16
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5.31 6.25 3.38 4.5540. 82
0.53  0.918  0.39 0.51+0.16
7.46 5.73 7.07
70.00  52.34 60. 09
/NZE FEm BCF/ %
86.27  33.36 50. 69
3.10 1.42 2.29
0.32 0. 60 0.21 0.3440.087
- 22.27  64.82  4.45  25.954+15.35
JKFEFFHL BCF/ %
9.07 15.83  2.49 8.87+3.01
0. 86 1.68 0.27 0.91+0. 33
6.63 2.58 4.52
3 69.23  60.53 64. 29
KRG HF M BCF/ %
36.66  21.88 29. 96
43.00  23.10 26. 30
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Fig. 4 Spatial distribution of Cd and Hg contents of the rice grains
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Fig. 6

Characteristic curve of bioaccumulation factor (BCF) of heavy metals in root

soil and different parts of the crops
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Tab.5 Correlation between components of root soil and BCF of rice and wheat
R 4
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/mg « kg ! /emol(+) /kg ™!
W4/ BCF
Pb 0.856"" —0.029 0.903"" 0.873"" 0.716" " 0.881" " —0. 146
3 Cd 0.383 % 0. 342 0.419 % 0.612" " 0.524" " 0.455" " 0.188
JK i BCF
Hg —0.01 —0.137 0.053 —0.113 0.203 0.033 —0.038
As 0.634"" —0.165 0.789"" 0.496" " 0.273 0.628" " —0.104
Pb 0.929" " —0. 200 0.951"" 0.883" " 0.637 % 0.945" " —0.064
Cd 0.591" 0.189 0.630" 0.665"" 0.620" 0.720" " —0.110
/NFE BCF
Hg 0.201 0.022 0.101 0.197 —0.071 0.043 —0. 236
As 0.799"" —0.213 0.870"" 0.761"" 0. 482 0.801" " —0. 354

CULFE 0,01 AKOFE G AR EADE; . FE 0,05 K OBUD | g S AH G

i B AT . FREUIF 52 X b g 3 Cd Hg s {4
A7 X 3 2 12 5 K R R R R A2 (N =30 . il /E
TESE RS EAM R (8 5 . KRR H Cd He
FRFFIES R S B M e R, A A
I Bl ot TS Y i TR s T T R BT T
/A e g Rem N LA 282 ) | 8
2.4 tEEVMRGHESETE RRSE
FEKRER/INE + 5 —VEY R S h . Pb.Cd, Hg,

As WAMHEEBTEMNE LRSI EAARR £
— 2RI — R S 3 s B (B 6) L X 5 R A F S A
B8P EY AR AL PboAs Hg & £ &
oA IR 22 8O 3 UL R —EY R G
JCE R E R K. Pb.As Hg 1) BB A
X AR S WAVE B A [ 3 A Cd 1 & 4 2 500 A3 1X T
2N X R Cd & AEAE Y R [R5 43 TA]
ZHRARK HEHREMNF. X 5F 4.6 6 Cd



802 PRI AR

42 %

TCRB A E RPN, HAACEE Pb A
[ AL 26 ) o A AR BT S R AR A Oy T L H & B A
AL RS E L X 5 Pb 78 & F A 2 itA8 k R B0
Xof 55 B S 1) 1) A8 b IX i) A 9& (10, 63 %6 ~36.42%6) 5
As TE/NE OKAE 2R A e AR R A B K
S, AT REER B T AN R AR 25 i 6 R 1 Y 25 R
Hg Cd ML, B R —H AW £ Rk K,
B Hg TEAEY 25 5843 0] 5 B R BB ALY 73 2 #2222
w T Cd, X RUIEY A [F &S5 1) He i 7 & FRAE
SRS B PR NER R £ He & & A
FEAF S Heg & i 10 f5~15 £, 2= nfrp Hg & i
FALCFFSE He & &8 5 f5~10 £, MikKA . /NE
AR L Cd & HEAH AP SEh Cd & i 2.5 f5~4
L AEIAFRL T Cd & R RBGERI TR KM B3
JE R NZE R Cd W AR B R B KA i
IKAEHFRLH Cd RS b B 2 X R FEKAg h Cd
TG B 1] b 1 25 W Ik I 2l 3 R v R e R 3T g A
POE & A

STEYIAMR R L350 EEAM SEY LR SR
TLRAEYEE RPN RS R (R 5O Y
WA+ H ALO; . Fe,O; fil MgO. PHE F 38 # &
(CEC) 5k Pb.Cd.As MAEY) S £ R
EA KR, H MR Pb>As>Cd 4 #a# OKF
¥4 BCF 5 MgO % &% Pb>Cd>As). i F
Al Os Fe, Oy JpHl 189 0 B 22 1 43 - R W EY
Pb.As.Cd % 0% Fi & K 0 9 18 43 00 38 i #a 1
B TRES BUE Y h B A 1S i, CEC 5 %8
NrEE SRR BAHEYIRT, [F 0
5 M) ) A 4 VR X T 4 R IO @ AR R K iR A
kR Pb.Cd B4 ¥ & 4 R BUFTE B35 A OC R
F %W MgO UK RSN S 410 v g6 A B T1EY
Xof 5 4 B s O EPIAR & v CaO L pH 547 KL
HEYEERBCREAAN R, TRERAMR AR L AR
pH B AR A K M AR B B s TR e s @
EYIh He A E ERBER R L& 40 MR
ANE N R W] IR XIAEY) He & &0 A K,
177 T Al 2% B R R 322 5 N R AR S SR G

3 &g

D Z 50K R )= 1 AR A L Pb.Cd,
Hg As S5 4 J8 5 8 208 T A L 4 38 79 e KU
0 10 (L M AR SR XU AR 5 7K A R/ 22 s rp T
G R ICER T BN TN S 4k 0 £ i B R 7 5

RN,

DA L Pb.Cd &AM T RE L
T E R AR IS P 4R A A R X R A
FERIA— 2RI AR Y R TR B e i R
MEERENA AR, RALEERNTBHAEY,
As Pb 5 FF AL FC B 1 U vk ob BOF R AR B Ak
T . He Cd & & a] G852 2 A R IR A9 520 . HL
Heg Cd G R & A /PNERR L >KFR A L0
[

3 KAE /N A kF R Cd He & S4FIE . 5 R
LM R T R A ) A R AR AT TR AR SR R
W\ S A 7 35 Sl 6g b 38 3 e 14 ] 1 T 5 2 20 B A
Py v K 0 < R A [ 2 I s AR A 22 AR
T ECRAEYE SR BU Cd>Hg> As
>Pb R /N K FEZE M P E R OUR W)
& RBCHE R U 43 51 Cd>Hg>Pb> As,Cd>
Hg™>As>Pb, X W AR EY X Cd.Heg 19 LK R
PR E 2 =T As Pb,

DI ARG T ESROURE £ R
FAAE AR AR b — 250 — AP S0 0 338 ks B Howh P,
As Hg W9 7r SRR EON T 3R] TR AR Py 0] 3
G JE PP ol S R B 22 55 0 Cd AEAE
WA [) R ASE 8] 5 5 25 5 AN DR o (HL G SRBURE JEE A ) 452
= o

BEAb AWk R BT R A B R RS
WA £ Ay A7 e B F AR X AT RE R W] +
SENE 77 52 T[] i AT BE -t 2 £ 22 1 9 o 8 7 T 4
e Wi

Sk

(1] IWZOE, ABmfE, BHG 5 RWH 7L IEE SR

IR T Gl ok TR AR AT B By SR AT SR (T ], PR M 4
HHHA, 2017, 29(4); 9—13.
SHI R G, ZHOU Q W, GONG Q, et al. Heavy metal
pollution source analysis and control strategy in soil of
agricultural producing areal J]. Environmental Monito-
ring Management and Technology, 2017, 29(4). 9—
13. (In Chinese)

[2] JANSSEN C R, HEJIERCK G G, SCHAMPHELAE-
RE K A C D,et al. Environmental risk assessment of
metal: tools for in — corporating bioavailability [ ] ].
Environment International, 2003, 28. 793—800.

[3] CHEN H,YUAN X,LI T,et al. Characteristics of heavy
metal transfer and their influencing factors in different soil

—crop systems of the industrialization region, China[J].



6

TH,F . 2T TREE U ARAATEBAETHH R BN

803

(4]

(5]

[6]

7]

(8]

(9]

Ecotoxicology and Environmental Safety,2016,126:193—
201.

PRELAME, =0 & . 2RI, . ARG 5 I KR+
FOKFEAFRLIY T 4 8 15 Y F o0 L) . Al 20 S B 2 2
42, 2016, 35(4): 684—6 90.

CHEN H Y, YUANXY, LIT Y,et al. Heavy metal
pollution in paddy soil and rice grains from different
pollution sources[ J]. Journal of Agro— Environment
Science, 2016, 35(4):684—690. (In Chinese)

AN RSB, B, W T AR Ak ok
EY ARG HESBIUURTBRIE R AR hE
AV ,2018,37(1): 43—52.

L1J, ZHU L X, KANG Z Q. Characteristics of trans-
fer and their influencing soil—crop system of peri—ur-
ban agricultural soils factors of heavy metals in of Nan-
ning, South China[]J]. Carsologica Sinica, 2018, 37
(1): 43—52. (In Chinese)

BHATTACHARYA P, SAMAL A C, MAJUMDAR
J,et al. Accumulation of arsenic and its distribution in
rice plant (Oryza sativa L.) in Gangetic West Bengal
[J]. India Plant and Soil, 2010, 8(1): 63—70.

Wedr, EE, U, F o RITH AN AES RS 1
MRALEHAARLT] WARR A, 2011, (11):60 —
62.

YAO J, YAN T, LI W B,et al. Study on soil acidifi-
cation tendency of agroecosystem in Linyi city [J].
Shandong Agricultural Sciences, 2011 (11):60 — 62.
(In Chinese)

PEZE 5L, BT, EWM, 5. AR A AR
WESENEGRI] AR LR, 2013, 29(9): 10
—15.

PANG X G, CUL'Y J, WANG X M,et al. Survey and
evaluation on eco— geochemistry in Shandong province
[J]. Shandong Land and Resources, 2013, 29(9): 10
—15. (In Chinese)
111 7R 45 1 JoT 1A £
R LR]. 2016.

Shandong Geological Survey Institute.

i 97 17 A A5 s BR AL 2 R

Investigation
and evaluation of Agroecological geochemistry in Linyi

City, China[ R]. 2016. (In Chinese)

(10T XUZERD . 5Kk ¥, WH. S5, 32 W) 570K # BAR 2 et

e RORLT ] RAOI R 7, 2018, 46(24): 34—
36.

LIU Y G, ZHANG Y T, LENG P,et al. Geographical
Indications and Unique Production Techniques of Jian-
ghuGongmi[ J]. Anhui Agric. Sci. , 2018, 46(24): 34
—36. (In Chinese)

(1] D748 58 DU 3t A 7 B A . 1l R A48 IX e st [ M),

(12]

[13]

[14]

[15]

(16]

[17]

[18]

(19]

TR LR A M I kL 2003,

Shandong Provincial Fourth Exploration Institute of
Geology and Mineral Resources. Study on regional ge-
ology in shandong provincel M]. Jinan: Shandong Car-
tographic Publishing House, 2003. (In Chinese)

A bR XIHE . &, 45, TLIN B ek X [T
Hi ], 2011, 35(3): 225—235.

LIAO Q L,LIU C, JIN Y,et al. On geochemical re-
gionalization of soils in Jiangsu[J]. Jiangsu Geology,
2011, 35(3): 225—235. (In Chinese)

o N R R R R B AT bR o
Jo M BR AL 2F PE M M TS (DZ/T 0295 — 2016) [ST.
2016. 6. 12.

Geological and mineral industry standard of the Minis-
try of land and resources of the people’s Republic of
China; Standard for geochemical evaluation of land
quality(DZ/T 0295—2016)[ S]. 2016. 6. 12. (In Chi-
nese)

Hh A B R [ R AR B R BB AR B AT AR v £
R W e A BLAE (H/T 166 — 2004) [S]. 2004,
12.9.

Environmental protection industry standard of environ-
mental protection administration of the people’s Repub-
lic of China: Technical specification for soil environ-
mental monitoring( HJ/T 166 —2004)[S]. 2004.12.9.
(In Chinese)

ZHANG L, YE X, FENG H,et al. Heavy metal con-
tamination in western Xiamen Bay sediments and its
vicinity, China[J]. Marine Pollution Bulletin, 2007,
54(7) . 974—982.

Jrdngk. EFREEAEG R MM db gt B W AL, 2003,
FANG R K. Dictionary of Environmental Science[ M ].
Beijing: Science Press,2003. (In Chinese)

JEd Bt NARHG, WIFF. & IIRA D sk
HEET] WARE LB, 2018, 34(1): 39—43.
PANG X G, DAIJ R, HU X P, et al. Background val-
ues of soil geochemistry in Shandong Province [ ] ].
Shandong Land and Resources, 2018, 34(1); 39—43.
(In Chinese)

Pesh ot UK, Wi, . WAL 17 1 -5k
FA ST AR E LR, 2019, 35C 1): 46—56.
PANG X G,DAIJ R,CHEN L,et al. Soil Geochemical
background value of 17 cities in Shandong Province
[J]. Shandong Land and Resources, 2019, 35(1): 46
—56. (In Chinese)

rh A R T I R A - 3 P 5 B R T b 1 3
oY AR B A fE G AT, GB15618 — 2018) [S].
2018. 6. 22.



804 IR L H A 42 %

National standard of the people’s Republic of China: bioavailability of heavy metals in Paddy soils under the
Soil environmental quality control standard for soil pol- rice— wheat cultivation rotation[J]. Acta Ecologica
lution risk of agricultural land (GB15618 —2018) [ S]. Sinica, 2007, 27(3): 889—897. (In Chinese)
2018. 6. 22. (In Chinese) [24] WRiful. MY RGP E SR 5 R IM. dbat.
[20] Z=opdE, LA A M dbat. &S HF R, o i Rk, 1996,
2001. CHEN H M. Heavy metal pollution in soil—plant sys-
LI X H. Soil Chemistry[ M. Beijing: Higher Educa- tem[ M. Beijing: Science Press,1996. (In Chinese)
tion Press, 2001. (In Chinese) [25] JH &P, 5 R PRt KA Cd M. 5% 38 H1L 3 o
[21] XUt . W5 W], STRibeki2 FwIM]. Jbat. MR FAERLI] AEY A, 2017(1): 14—19.
AR AL, 1985. ZHOU Z B, Yi Y K, CHEN G H. Advances in Cd
LIU Y J, CAO L M. Introduction to element geo- Uptake and Transport in Rice[J]. Crops, 2017(1); 14
chemistry[ M. Beijing: Geological Press, 1985. (In —19. (In Chinese)
Chinese) [26] VLIET V L, PETERSON C, HALE B. Cd accumula-
[22] 555, MR, 2%k, LA SHEIM] Jtat. tion in roots and shoots of Durum wheat: the roles of
fe 2z Tl itk . 2008. transpiration rate and apoplastic bypass[J]. Journal of
JING X, YANG S K, HU A Y. Soil chemistry and Experimental Botany, 2007, 58(11): 2939—2947.
environment[ M ]. Beijing: Chemical Industry Press, [27] ZAHEE . RA. HEAHES LEEE FRkER
2008. (In Chinese) KA hHeribRg, 1988: 10—15.
[23] FE4. LR K. K., % WMERETABLES CAI Z C, MA Y J. Relationship between soil organic
JBTE SERAE R B A A s [T, A& 24k, 2007, 27 matter and cation exchange capacity[ J]. Progress in
(3): 889—897. Soil Science, 1988:10—15. (In Chinese)

WANG C Q, DAITF, LI B,et al. The speciation and

Distribution and accumulation of heavy metal elements in soil —crop system of Jianghugongmi

producing area in Linyi, south of Shandong province

YU Linsong" ****,LIU Hongbo'***, WAN Fang'**, SHAO Lijuan'"*
KANG Guiling'*, HU Zunfang'"*

(1. Shandong Institute of Geophysical and Geochemical Exploration, Jinan 250013,China;
2. College of Earth Sciences, Chengdu University of Technology, Chengdu 610059, China;
3. Shandong Provincial Engineering Laboratory for Soil Geochemistry, Jinan 250013,China;
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Abstract; Jianghugongmi is a famous, special and national geographical indication agricultural product of Shandong prov-
ince. Based on soil—crop sampling systematically from Jianghugongmi producing area, the distribution and accumulation char-
acteristics of Pb, Cd, Hg, and As in different soil crop systems were studied. The results showed that; (1) the contents of
heavy metals in the top soil, root soil and grains were lower than the corresponding limit values, and the risk of soil ecological
environment and food safety was low; (2) the heavy metals in the root soil were enriched relatively to the top soil, and its accu-
mulation factors in the root soil showed that As and Pb were related to the natural soil formation process, and Hg and Cd might
be affected by human sources; (3) the BCF of heavy metals in wheat and rice grain was Cd>>Hg>As>Pb, and that in stem
and leaf was Cd>>Hg> As and Pb, which showed that the accumulation of Cd and Hg in wheat and rice is higher than that of
As and Pb; and (4) the BCFs of heavy metal elements in soil—crop system decreased from root soil, stem and leaf to grains,
and the differential characteristics of Pb, As and Hg were significant, while Cd BCF fluctuated greatly among different parts of
wheat and rice. In addition, the correlation between the BCFs of heavy metal and some components of root soil showed that the
increase of soil fertility might promote the uptake of heavy metals by wheat and rice.

Keywords: Tancheng; Jianghugongmi producing area; soil—crop system; rice and wheat; heavy metals



