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W E: ARFINRKEELRT LG, KA RED A HAT BN TR ITFNOEa L RET TR
R R EAERSL S EFEePRFEREXLWELB T ENRITMEAE —2F - EWREWEITMHEA,
FHNERTKRREESLRBTLHAMTTHFITN., FRENA,REE S ;‘k%ﬁiﬁéﬁ%ﬂmi\ﬁiﬂﬁ 7 H
KT R (F1A$H) FE 21 7 77 e R (2 B0 5 & & AR 48 80 51 5 239.60 n 178.42, 38 B & K7 £
X B R B (F3 FE ) 238 34 B B A AR AT RAE L 695 $e 98 800% 3T/ & (Triticum aestivum ) ¥ 41 ¥ & 4 &
AR HATIFN, FLR A B AR ER T EL BT LS oM B AKXEEE T AT, RALE - A
RWMETENEA N E LB T R R BEHAT RN, FL 7T R E R E N 48.4, 3K 5| F JF 75 4 K-F F2 H iy
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A model for synergetic assessment of soil — plant system in heavy metal
contamination farmland and its application in a coal mining area

ZHANG He-bing', MA Shou-chen', WANG Rui', MA Shou-tian’>, WANG Xin-chuang', SHAO Yun®
(1. Field Scientific Observation and Research Base of Ministry of Land and Resources, He’ nan Polytechnic University , Jiaozuo ,
He’ nan 454000, China; 2. College of Life Science, He’ nan Normal University, Xinxiang, He’ nan 453007, China)

Abstract: To scientifically evaluate risks of heavy metal contamination on farmlands in the coal mining areas, we
introduced a synergetic assessment model for heavy metal contamination in soil-plant system on the basis of farmland eco-
logical safety, crop production safety and quality safety of agricultural products. The results showed that, according to the
ecological risk index of heavy metal pollution, the soil comprehensive ecological risk index was 239.60 for F1 sample plot
(mine water contaminated farmland), and 178.42 for F2 sample plot (the coal waste rock contaminated farmland), both
of which reached moderate risk levels. The soil comprehensive ecological risk index of F3 sample plot (farmland close to
the highway) reached subtle risk level. For wheat grains, the heavy metal comprehensive contamination indexes all
reached severe risk levels in F1, F2 and F3 sample plots. According to synergetic assessment model of soil — plant sys-
tem, the value of pollution degree in F1 sample plot was for 48.4, reaching a high risk level; the value in F2 sample plot
was for 54.4, as a moderate risk level; and the value F3 sample plot was for 76.8, at a subtle risk level.

Keywords: soil-plant system; heavy metal contamination; synergetic assessment; winter wheat
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AN—3, FHEREAR TV EY AN AR, Bk R AR AR
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Wi E) A FH 7K 23 SRR AR, B 5 LV E = B
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B4 A5 SEREE B H 35 B, SR AR e AR
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BAEPBGE M L AT iE 45 B 2 RO Bk i o ;
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Table 1  Weights and the judging standards of heavy metal pollution indexes

FEPRVE 43 ME Score of index

PR PR w
Evaluation indexes 100 80 60 40 20 Index weight
WX AE (1) 7 R fE
. i}%ml@ﬁﬁ( \)ﬁﬂ&{ﬂ <50 =50~ 150 =150 ~ 300 =300 ~ 600 =600 0.41
The judging standards of soil risk indexes
SEYLHERL ([ )4
o ‘W%(F**ﬁﬂ( ")”\M_g , <0.7 >0.7~1.0  >1.0~2.0  >2.0~3.0 >3.0 0.29
The judging standards of crop pollution indexes
IR/ D (v) Y
FRIBDH () SR <10% >10% ~20%  >20% ~30%  >30% ~40% >40% 0.30

The judging standards of yield reduction rate
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Table 2 Criteria for heavy metal pollution degrees

TiH It REZ TG R SUERETA] CIESEES W BE 5

5 em Non-polluted Low polluted Moderate polluted Severe polluted Extreme polluted

7 N

I‘HERIEH . =85 =70~85 =50~70 =30~50 <30

The classification criterion
BN FEPIM) o A IRIUB NI A 2RI H K
] _ i}El _ i}(]ﬂ . Q) (2) 7J(E/‘J§3uﬁ’iitglﬂ\ﬁﬂj:j% pH{E% 6.3”"6.50
s = 4 r = - r Cl %0 :r" ——
i=1 i=1 n 22 *iﬂnx%&l)sjm

o, 1 A 8 4 JE VA B A S KU HR G B
K M E A BT S EREG TR M ES
J& B EEE AN 2% (Cu = 5,Zn = 1,Cd = 30,Pb =
5,Cr = 2); C' RHRZ LD FIESR S HMEL
ME; € TR FH E) fid e —I5 e (O
) MG YRR, 0 0 S 9 EL < 40 Bt SE
F40 < E) < 80P ERSEE 180 < E) < 160 384
B E 160 < EL < 320 R SGE EL = 320 %
SAESEE L MR - S 2N EASE
ERBZEAE, N ANER 1, < 150 b
fE %5150 < I, < 300 ARG E 3300 < 1, < 600
SRR EE 1 = 600 IRERAEREE T,
2) VEMIZE A5 gt 5 (1) A A

I = (B + L) 72 (3)
K, 1, MEYI R i AEEEITR G AT YR
Liax PAEYI P A 42 8 0 T B K0TS L 48 5
Liean FVERI P45 T 42 R T 215 YR EOF- (8 VRN
FREN , 1, < 0.7TRARARZI5Y;0.7 < [, < 1.03KF]
EHOKF51.0 < I, < 2,082 554:2.0 < 1. < 3.0
HEETS Y 1, > 3.0 FAETS YL, [, fAIs et ikt
%:[15—16]0

3) BTG YR (1) IR A
Ii = C[/CO (4)

Ko, 1 oI5 Y R TEE R € TS S i 1S
AT 5 Co M5 IM i@ BIVEMFRAE ARTEPEAN v,
I < VERRARZIEYG; < [ < 280G 92 < 1 <
3PEETG YL 1, > 3 EEET el

2 BRI A

2.1 REXHER

PR DX SRR VR 4R AT vh B AN X, B DX AL
BT HEETRAR . a6 X N BE R = A Rk AR
VN XS  FLSE T X PR K HE O 4, K )
HATE XK HERE) s P27 AT L BhE , BEAT A 1L
20550 m) ; F3(FEHH-42Y 300 m, (7 Tl 0 H XA

FLINAZ ( Triticum aestivum ) A % FH Mg TE R
SRR, B XA IS A EREFIREIRE i, L AARE S
0~20 cm £JZ 1, IF7E TR TE 1 m? /N2
7o RARM L IERE M A XU KT, KT S S
I 2 mm(20 H)JEJe i+, F M R B K24 200
o WS = 4 it 0.149 mm (100 H ) 89 Je e i 1, 14
AT RS IR SRR, /N RRFE S 28 T
KB KV, Wi 5 F 60°C ~ 80°C it &= 16 &,
FZ102 TRV YA SRR R AR . BT A AR 42
HNO; - HCIO, (4: 1) {5 i ) , >R FH - W M 3 ' 0 B
2 KIGIEDEREH B Cr.Zn P Cd . Cu IO 4
Mrad A Hom A B R AR S ) B L R S
(GBWO08303) FIAEHI A i (GBWO8S13) #4743 BT J5t 5t
P, 25 0 F M E (34 [ AR HEY) B 1 e i/r iR 22
TN A & e Bir R 8 o g 4t
3 iR 550
3.1 TEHRELESE

3 AW X g 5 FhE 48 i i DL O RS
B EHOTR ST R E. 5T SEE, FL R F2 5
X A48 Cu LASM, Cr.Zn Ph. Cd & 1Y S5 15
B TR A 1) HIEOT R AR T Sl B X+
Herb P R Cd & 5 0 SSIME = T3R5 5¢/H, Cu . Cr
M Zn SREMSSEITH RME. 5SERXLERLE
JoE: T bR iE (GB15618 — 1995) EL#, F1 Al F2 FE[X
T HEH Zn Cd. Cr &t By SEMME Y T B X —9br
e, Cu 1 Pb &2 (8T B R _HAruE; F3HEXH+
b pri FLA 4R O R S r S E IR T E K
It/ 3
3.2 TESSETEREIEMR

P BRI RUBS T B0 P 25 5 (3% 4) BT, FLAE
HuH 3 Cd 19 s 2R i AR XU K, Zn  Cr,
Cu 1 Ph 1 75 i3k BRI AR 8 KU K F o F2 FF
3 Cd 1 E ek B9 AR S KU KF, Zn L Cr. Cu
1 Ph 15 A BN R SR K 78 F3 FEHL
SERER Cd AR LAAL , Zn  Cr. Cu F1 P ()55 B34 3K
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Table 3 Heavy metal contents in soil, background values and quality evaluations

WUH Ttem Zn Ph Cd Cr Cu
Smﬁeﬂ%ﬂms 540l Background value <74.2 <19.6 <0.09 <63.8 <19.7
2 A5HE Secondary standard <200 <250 <0.3 <150 <350
F1 S Measured value 460.85+11.5 94.85+8.2 0.61+0.05 1160.95 + 10.1 3.19+0.7
F2 S Measured value 245.20+12.3 49.15+7.4 0.47+0.11 157.27+14.5 5.08+0.5
3 S Measured value 42.49+4.5 35.79+2.1 ND 116.02+6.3 4.39+1.2
T : ND /R A Hi o Note: ND represents that heavy metal was not detected.
x4 FRESEFEIEANESREITMN
Table 4 Risk assessments of heavy metal polluted soil in coal mining area
Bt PSR FEHL E; Single risk index f?é.*mﬁ%‘a;fﬁz RI
Sample plots z Ph cd Cr Cu melﬁlréhznswe
n 11sk 1mndex
FERUY Index value 6.21 24.20 203.33 5.045 0.81 239.60
a 2545 Pollution level 24 Slight 21 Slight 5k Severe B2HL Slight 243 Slight HH%E Moderate
FEEUME Index value 3.30 12.54 156.67 4.62 1.29 178.42
2 252 Pollution level #2713 Slight 1% Slight % High 1248 Slight B Slight rh 4 Moderate
. BEUE Index value 0.57 9.13 — 3.64 1.11 14.45
G Pollution level %21 Slight B0 Slight — 44 Slight 124 Slight 04 Slight

3.3 IZNEFHHEESEXEIEN
HEEEICRAAPR PR 2 & AR
S ER P S 4 PR A AT RE S| R . SRR
N RSEFE E R bR R & TAEARE(GB2715 - 2005)
REPNE hE SR R R bR E LR 5. X
INFERFRLH I 4R S B AT AE , 7E F1LF2 RN F3
ZAFEH  Zn, Ph (Cr TE/NE IS L B TR
EARE(SR 5), Cu ZE/NEZ TP & &, IR T BR i A
WE, TE F1 A F2 AEHL T, Cd A9 & B2 8 T RR SR
o 7E F3 FEHL T, Cd FEAFRLH B & s AR . D
ZBR AR, SR LIS Y b8 BORN 25 B 15 Y8 B0k
X /NFE R P B 4 S KB EA TN, A TEA 45 5 (3
S)RIHLTE F1LAEHL T N FPRL T Zn SR B
157K, Pb, Cd Fl Cr & i3k 2 5 B I5 YL KF, Cu
TR ANG YK, TE F2 R, N AR R
Zn Fa ik B TS YL KOF Ph Cd Fil Cr & iR 3
FETG YK, Cu & AR IAFNE YKo 76 F3 HE
o N RFRL Y Zn B R IR B R EE G YL KSF, P Cr
SRR FEE TG YK, Cd il Cu &R AR5 Y
Ko NS T5AREOTEN K E , F1F2 F1 F3 =4~
FE M/ INZ KP4 SR V5 e aR B Pe B R R S
Pk

3.4 LI - EYRSHEEN

FEA DX ] [ 328 15 7 e 5 10 Lt o L B 4 it
A AP — SR A FH /N2 737 s A S s vfe, T
FLE AT = A FE I /NAZ 77t FLUF2 F1F3 RE -
FEER KA R 24.3% . 16.2% A1 8.9% (3£ 6) .
55 1 ATAEL FLORT F2 BRI 4 5875 e XURS (B
R 60 F3 B b 11 4 3875 G XUBS: 43 B R 100, F1,F2
1 F3 BEH VD5 Yo KU A (B Y Ry 20, F1LF2 Al
F3 R 11 7 5 98 0 R 5E 53901 24 100,80 Fi 60 (5
6)o K FH 13 - MY R G UM PEM 05 YA ok
ARG PEAR , F1F2 F1F3 A M 175 2 25 2% 20 {8 4 51
y 48.4.54.4 1 76. 8, MR 15 YL PEAN S5 e broffE (R
2), B3 — MY ARG REMNEE RN F1 RE A 3
G YK F2 B Mk 3 o R TS YK SR F3 R M
RENREETE YK (3R 6) .

4 4 e

1) AWFFEAE 73 0 AT LSR5 e 19
Sehit L, A5 A AR P RO, S T AT [ A S R X
WAL 2 A PR 7= 2 AR it iR 2 4 ) B 4
T Y PP Y, I S T A s YA B 70 4
Prifi
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Table 5 Heavy metal risk assessment results for wheat grains
- BATHG YL e A Single pollution index g ayE
TiH Item Zn Pb Cd Cr Cu YL
Sample Comprehensive
N ko] -hensive
plots  FREFRAE/ (mg-kg™") 50 0.2 0.1 1.0 10 pollution index
Limit standard
S ke !
FIME/ (mg-ke™) g7 764 13 28.70+6.92 0.39+0.32 36.60 + 8.34 2.79+0.78
Measured value
F1 EHUE Index value 1.96 193.5 3.9 36.6 0.28 125.01
&g RS Y il R Gl RS G RcEs SR WY
Pollution level Slight High High High Non-polluted High
:3‘—»:|-| . -1
T (mg-ke™) 107 55, 10,45 39.64 + 4.84 0.31+0.03 36.65 +3.65 5.11+£0.95
Measured value
2 458UE Index value 2.05 198.2 3.1 36.65 0.511 126.57
£ o By g TG TG Y ERIT Y FSEEA RS Y
Pollution level Moderate High High High Non-polluted High
S ko™ !
FIME/ (mgke™) 27 6, 10,31 33.10+5.91 ND 28.93+4.11 3.16+0.58
Measured value
F3 EHUE Index value 1.54 165.5 — 28.93 0.316 116.69
£33 TR Y il R R TG i Gl R/
Pollution level Slight High Non-polluted High Non-polluted High
Fk 6 EEETHERALIE - EYRSEHEITEMN
Table 6  Synergetic assessments of heavy metal contamination in soil — crop systems in the coal mining areas
. 3T Y XU YEW T G AU 4 Yield N
=55 Soil pollution risk Crop pollution risk = j?{iﬁ\(%:fg% V5 Yu sy
Sample - —~ - 43 FQ -
plots TREUH (T $) X! FEEAE ( 1) GaNIEN WA ( ¥y ) IHE Pollution value Pollution level
Index value Value Index value Value Yield reduction rate Value
F1 239.60 60 125.01 20 24.3% 60 48.4 HREV5 Y High
F2 178.42 60 126.57 20 16.2% 80 54.4 HET5 Y% Moderate
F3 14.45 100 116.69 20 8.9% 100 76.8 RIEI5 ¢ Slight

2) SR FH AR 25 KU 48 B30 X 38 7 4 T 15 Y AL
K AT PR I 45 SR B, F1 AT F2 BELZE G A S X
B P KR 31 R A5 K B3 R b - 8 B 42 il S K
Bk SRS T g /N PR B 4 s
KBS HEF TP I 25 3R B, F1LUF2 A F3 =AM/
FRFRLH 4 i T e 25 HR RO Ak B B S LK
oo 4 Y IEAN S5 R S E TS ST A5 R A —
2, L RS E Y h T 4 R 4 A — PR bR o LA
A Y5 YL LS K-

3) R 58 - MW R G U AT A5E B 0k 4
JE V5 e EA T KU PR, F1AE b G Y5 Y 45 9 o
g 484, IKFNE FE TG YK F (F2 AR LAY TS G SE R )
(R 54.4, 355 o RIS YLK L F3 R LAY 5 Y S 2
G11H 76.8, FEREEIG YKo

2 % X #k:
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