w % B 3F W% S

(HUANJING KEXUE) ENVIRONMENTAL SCIENCE

20244 5 H 15 H

H X

%TNE%%%%%?EEBﬁngWq%@ﬁﬁ%ﬁ ................................................... WEH, TE, B, R¥ 5, 8% %
H T BEHLIEA AL SO X B R BUBE DI - eeeemrmremmmmrr B, T, s CE, AL
FET BEHLZE AR DU 1] 25 BT YT woeeeeeeeer e M, EE, Tah, AEE, xR
VR 1T L A2 B 5 T A B R T 5 0PI o vvevveeemmeeree e B, B ERH, A
TSI X 2015~2020 4F 550 S 6 25 3 A1 HF AR B HARE FERICRS BTA - oveveeeeeemeeeemeeeeeenes B, EE, BN, R, AAN, 2%
20224 AL B TR PM, KI5 f B AEARFAE oereeeeeemeesnennenneneens WHE, 24, RER, &, FF, AFK, 2&R
%Mﬁ@?éPMj*ﬁﬁE?ﬁ%%ﬁu*%&ﬁ@ﬂ@ﬁﬁ ................................................ EA, &R, b %, Bk
T i LR IS P, 2 3805 98 S HAT A2 W75 R AE (R U D B XU -+ WL, RWE, B, BER,.REH, ELF, HX
G % 117 SR W2 25 o 8 490 5 [ 3 9% 28 200 UKL A0 2 3 5 A TR TR AT < eeevee ZlE, KB, kG, BA, FmW, AR, BHE, ZBT
KHEAZE WA B35 Yl T2 5 R TE ML O I PR B R R A A e FHW, BERF, AR, e, L&, T4, #BXE, T8 K
H T 25 (] RUBE 8007 ) 1L 2548 P, 5 10 28 A8 Al B 25 IR 3 S U BRI o vvevvemmemmenmmensinienns WE,F8H, BE, ARE, FAE
Ik [ #01k T A7V VOCs HEB AR AE B2 Xk BL AR AR B H oo RtE, B, YRE, ZHF, &9
o B K ZE K A0S e il A D VOCs IR RIR IR AR BUS 3 SR BT oo KAy, M, TXX, K%, B, REQ, Thz, 2£%
S5 WUAS SR T I K 5T 5 000 P RBE AN Meeta 3 AT woeemeeessmeensmesmeenssseeneseene FEA,HER, KE, AR, B, KT
A B 2 TR AT TR0 3 7K AT i e A L 0 4 1 3 5 A ROk I

..................................................................... FEE, Ea, Y, BTE, KD, REN, TEK, kR E, B
L 5 o 3 BRI DL H T A KA B M BRI AP oo RER, AR, KB, 144, 4%
AT (TR TR IZ 0 F KK AL R BB R R BOKBRRAY oo X, B, KWL R, B, HRE, HEL
GG PR 4L R 25 B B BRI oo IHE, R, ARE, RA%, B8, ER4
B 22 M| B ] B A S A W) 5 T 25 B R G IRRTE AR vveeeeeonrmeee e HEE, BN, B8, i
BT L UG 1 B B K B 25 A BRI IR AP BT eeveeeeeemmemeeeneneeneeeee enk, BFR, RE, REF, XA, TH#
PR KR KRBT P UK B A B TR RRAE oo RR, FE8E, FER, BAK, ZRE, ZhH, FHR
7KL I B R B9S2 X = I P T 9 AT TR B W RV R R S8 LRI oo i, EF, B, &0
SR T ST PR A TR T ) B X T 4 S BRI DGR oo FRA, XN, B, B e
FROK AR IB) X 175 PR DC ST A R G U B TR R S M T3 AT oo eeemeeemeeveeeeeeeeene KA, KE, TEG, mak, U, ZHE, £EA
TS K P I S YB AT v veeeeerrreeeeemmnne e WERE, AWM, Tk, 24, 25%, ELE, TS
TEVE I TR A 25 PR B B A TR ATy vvvvvvvveeeeeeee e E2HE EAE, NHEE, T
IR 25 B GRS MBI 25 AL JL B PRI ZE covvvveee oo TEH, e
BT L 357 190 245 10 A 25 2R 00 TR 45 LA W ) 066 2 588 182 T R 2 AR SR R A« DL DA 4] ooomeemeemeemenes Kb, g, IV, BEH
SN T TR T L 2 5 TR 2 VR R IH e HH OLE, BBl BRA, BEak
2000 ~ 2021 gﬁi%‘]ﬁﬁ:;{&ﬁg NEPH#%Q{%&;H\:EKZ%% ...................................................... }g ,fé\ﬁ%’ F{;E , X’J 7;5’“ , ff}é
%ﬂ: SSP-RCPT#H:‘% gﬁi%‘)ﬁiﬂﬂﬁ{t*ﬁ*ﬂ& %)ﬁ@%{%% ......................................................... 5 , %;‘;@, glﬁ?gg}, 3:_%4@
HHFLTT R R T A 3k A SR RO AR R R AR TSI ooeeeeeeeeees REW, RHE, BEEL, FE4, XK, AT
VG P T DX ) P A T R AR M S AT LRI BT oveveeemmeveeemennenenenneenen e T R T 36, BRR M, HA K
AT A D5 R L DU T R 43 A AT e FHE, R, RBW, ARF, BE, B, REA, KR
HET W R4 R R A4l BP A 28 100 256 1) 1 BT LTS () A A JUI - oveeeeeemeeemmenenenmeeieenns Ham, A%k, RRE, 27, A%
ARV DU 0 S s R BRI AL SR - oeeeeveenmeneenmnenennes WY, EEAE, ERE, BAW, TE, HER, T2E, K
ARG FIRI ] F IR AR IR MU MR HE oo BhR wAR MEXR, TWE, EXk
FEREIBIR M 22 H B8 AF 1 R AR 7 d AR 2 AR B 5

..................................................................... TE, TS, HEL, REL, A, TR, R, ATFN, EE
i%ﬁﬁﬁ%i%wa@%ﬁH%W&ﬁm ................................................ B—, M, KaEE, KEE, Bk, T4 F
[ T A T 4 TR TS UL AP BT G HTA vveerverreerreermemmeeneesee st BE, B, B, KB, HEE, B
CIER S TN R BT Eneiidr o) 3 TR, B, AR, TEE, RBE, VR, R4
Wb T 4 B 5 Y AL T MICP 3 AR BFGEHEE oo e oo W, B XK, R, BAE, 2
ST 1L R B 0 X S 4 05 Y O BT eeeeeee RAE, KE, R, #%, BEL, $Fa, KEE, AR
6 ) T TRV 5 T 4 R A BRI AT - ovevreeee e ENE,EAE, RNE, B, EHE
BRI 5T W IX A 7 4 5 MR E PR S KU TR 5 JEATAT +evreeeeererersmsmrmsssnenmsinnsssssieiss s Fhm, BHE, TET
HET U 1) RS R OR AL 10 AR A e I T 9 5 S il R RS AT A

................................................... W, AV F, kR, TWE, TRID, AA, BEEW, FEEK, 2R, 2858, TH
VU R BB R L R M R S OR U S R IE S SN R R AR s, Rt h, A, 5%, BE, THAL, B4
SN 7K R 3K RS Hg & i FRHIE 528 A DK ooveveeveereenenmnn s XM, AR, BED, Bwm, THE, KK
Py A T A B T 5 S X i 7 R B O SRR SR AB S AL oo MEF, BhHE, BHG, FHE, A, 48, EmE
EaEaliL iR/ p S0 SUM R 313 20919 €L 111 bb- A I, BTN, EF%, 08, #Ak, KXA4, &9
P50 U R R S5 15 e LA 3 A R i e AR S e HEH, B, KIH, 220, N5k, FEE, 0%
BT Meta 73 M 14 05 951 S HE X SR HE S5 12 0 R 4 J UL A AILRL +ovveemeeemmmeemeemmme e Z0E, FE, BEA, B, 2%
TR L3 NO HE R R R AR E M BT T wovvvermeemereesseee M=%, HEH, RER, FHEE, P, 2H
= ) P 29 IR N G B SR TG TR oo eeemeeeeeeees Bz, &, T, Ak, THE, 26k, 2%, 2ER
TR IRV Ve B 17 DU ORISR oeeeeeeeseeemesmssessee KA, ek, ZEX, HEH, NEH, 4, 554
B2 A AL X 3 A A I RETE AU BATI  woeeeeeeemmmmnnnneee TEA,EZH,FZER, BEL, B, 2T
B Y91 A% 0 5 R R T 4 T 4 45 480 5 55 A 25 XU, T e WEW, BRI, FEE, AHE, KXE, #AR, Wlm
LR 90 9 T T B S T BRI AR e RLE,RAE, ZW, AL, T EA, KER, K214

Eﬁ,ﬁlifé’ﬁﬁ%iﬂﬂifE@%iﬁﬁ%ﬁﬁiﬁﬁﬁﬁﬁﬁ*ﬁ ............................................................ ﬁ: s %f’%'@’%’ ':%Ej\lﬁ, 7%/&



#4555 5 1] N B OB = Vol.45 No.5
20244F 5 A Environmental Science May, 2024

FEXKBTEEERTEITSEM

Mg, B, HIOE !, MR, AR, Rig
(1 PUACARMBLH R BRI 2 BE , M 7121005 2. FO AR FEPTILAE Y E R SR B AL, B 712100)
B OhEBRPEADNHIEAKRESEICK(As, Cd. Cr, Cu. Hg, Ni., PbAIZn)BY75 Y BUIR, 558 Hintas éﬂt%ﬂfﬂﬂﬂi&

MZI&HE’%# i 3 H FE 0 R FD Web of Science Y8 F 28 B T 2005~2021 4F 449 F A 3¢ SCHRECHE , SRITETFT “BESEC . B

GERTE AR AL CAREZET BINALTT AT Meta 0 AT S5 R BOR, PERE R AKRE SRS 2 TFEN: 0(As)11.00

mg kg, w(Cd)0.3502 mg kg, ©(Cr)62.91 mg kg, @(Cu)28.87 mg-kg'. w(Hg)0.135 1 mg-kg'. @(Ni)28.91 mg-kg". w(Pb)

34.67 mg kg Ml w(Zn)90.24 mg-ke'. 5 HIEH FAGAH L, PEAH DA ESIRICEK (B AsHM) WFEAE—E ZF, Hopcd M

He B BRI, 40 BIAE i B+ 875 A1 177.9% F1340.3%. V5 Y 0PN 45 e, 30 [ Ak [+ 396 7 4 V5 e ucMquﬁf

N B2 AR I R FZ R =Sk BFR, 25 e AR I S e RO e A R X, Yo e

DR S(EH 0 T VA Y S SN S 7 (1 WU B LY R PO N i1 [ e 0 o = S =8 ?ﬁ%iﬂi‘mkﬁ%qﬂiﬁﬁﬂ@%i\g%

R T H A 27

KEEWR: PEAKH,; HEEE; Mo, RN ; Meta s HT

FESES: X53 XEARIRE: A XEHS: 0250-3301(2024)05-2913-13  DOI: 10. 13227/j. hjkx. 202305253

-
|| \"

Analysis and Evaluation of Heavy Metal Pollutlon in F'armland Sml mr"" Chlna-
A Meta-analysis {7 j'f' )
YANG Li', BAIZong-xu', BO Wen-hao', LIN Jing', YANG Ju-jia’, CHEN Tao'** 'R 1 A

o

(1. College of Natural Resourees and Environment, Norlh\~e51 A&F Uhive vegsily , Y_anglmg 712100, China; 2. ]?ev Laborg}orv of Plant Nulrmon and the Agri-eny up.nméhl in Norlhw est
Chmd 5 Ministry of Agnwﬁme and Rural Affairs, degling112100 Glhlmr‘) | ':' . .V - ""F‘.'

Absh'act 'In this %J.uav ‘,.'a Mewranalysm was used to mvestrga;q-"lhe ution'status of eight farmland soil heavy metal elements (&\s, Cd Cr, Cu, Hg, Ni, Pb, and Z_n_) in G‘HH}_&H
Meanwhlle their ipguotempqral changes and differentes l)etﬁ; een lffrerem szpe?g[ cultivated land were explored sThe researchydata were chosen from 449 rele\ant hlerature'a‘erl:;
collectbd by CNKI and Web of Science from 2005 to 2021, ”and lhﬂ Meta- anal‘%lq used a weighted method baqed “sampling nurltber% , “study area”, and * slandard deyiition”.
The_sésuhq showed! that the national average values of the ei Wt héavv Imetél elements in Ghinese farmland soil were o ( As )11.00 mg ke, @(Cd)0.350 2 mgrkg ', (‘CJ) 62.91
mg k‘g , w(ﬂu)28 87 m'g'-Eg w(Hg)O 135 1 mg ,l(g , a) N1 28f 91 mg-kg, w(Pb)34 67 mgrkg!, and w(Zn)90 24 mgkg™. (,lompaled with their background values, all
ele{nejll% e)d‘ept As a umulated tg) some extent, and Cd and Hg a(‘gt}nulafql (-h'P mosk; 7 exceeding their background values by 177. 9% and 340. 3%, respectively. The research

re%uhs mdl(‘a.kd thaf Cd and Hg were the main pollution elﬁmf-nti in farml_amL il in China, and their accumulation was mainly influenced by human activities. In terms of their
temporal a.nd spatial vhangf-% the Yunnan-Guizhou Plateau and the eastern coast were the most concentrated areas of pollution cases, and the pollution center shifted from the middle
reachesf the Yangtze River to the southwest over time. The accumulation of heavy metals in farmland soil was affected by crop planting types , and the accumulation of heavy metals
in vegetable and paddy soil was significantly greater than that in other cultivated land types.

Key words: Chinese arable land; heavy metal; spatial distribution; pollution evaluation; Meta-analysis
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Table 2 Soil background values in different regions/mg- kg™

i X As Cd Cr Cu Hg Ni Pb Zn
dtne 9.70 0.074 68.1 25.4 0.069 29.0 25.4 102.6
K 9.60 0.090 84.2 21.0 0.084 33.3 21.0 79.3
FE[ 13.60 0.094 68.3 21.5 0.036 30.8 21.5 78.4
1L v 9.80 0.128 61.8 15.8 0.027 32.0 15.8 75.5
ST 8.80 0.108 57.9 21.4 0.037 25.6 21.4 63.5
EER 8.00 0.099 46.7 28.8 0.037 21.4 28.8 80.4
BIpIL 7.30 0.086 58.6 24.2 0.037 22.8 24.2 70.7
1 9.19 0.138 70.2 25.0 0.095 29.9 25.0 81.3
L5 10.99 0.126 77.8 26.2 0.289 26.7 26.2 62.6
WL 9.20 0.070 52.9 23.7 0.086 24.6 23.7 70.6
LR 9.99 0.097 66.5 26.6 0.033 29.8 26.6 62.0
iy 5.78 0.054 41.3 34.9 0.081 18.2 34.9 82.7
bAWii) 14.90 0.108 45.9 32.3 0.084 18.9 32.3 69.4
IR 9.30 0.084 66.0 25.8 0.019 25.8 25.8 63.5
g 0.074 63.8 19.6 0.034 26.7 19.6 60.1
e 0.172 86.0 26.7 0.080 37.3 26.7 83.6
e} 0.126 71.4 29.7 0.116 3.9 4297 oga
7R 0.056 50.5 . 36.0 0.078 14;4_“ 36.0 47 Budi
g 0.267 821 | _;‘,‘;:“-24‘0 0.152 ”.”26:.6- = “. 2440 56
pu i 0.079 790 30.9 0.061 3206 | 309 86.5
e 0659 [ fso (4 352 010 394 7 352 99.5
Py ] 0.218 ' J - 0.058 ,.'" r, 32.‘5"’ ' .4 4(').,6“;_. 89.7
ﬂl‘jﬁ’— ] 0.074 0/ 0021 4 A2 218 70.7
s | 0004 | 695% 0.030 r8.8‘ | 214 604 [~
il | / o116 = 708" 0020 ﬁ;z, liss 68.5
i EJ | 0.137 | !.-’?"qfl'iJ 0.020 | ."“"29.6';' 20.9 | 80.3
""”T’I 0112 | 6.|£.:)'.0 f 0021 4 365 209, 58.8
?Jfﬁéﬁ J 1w 0.120 .,';%19.3 - 0.017 26.6 19.4 68.8
i o .{F 5.82 0.133 ‘.76.1 0.053 30.6 25.5 75.8
W%%"r'}j;? 6.12 0.050 39.8 13.9 0.030 18.6 16.8 56.6
JOESE 9.68 0.116 56.4 19.2 0.025 24.5 18.7 55.7
jie3e] 2.92 0.060 52.8 15.4 0.040 22.1 24.6 48.3
[LRIRT$C4 17.04 0.560 82.7 20.8 0.040 26.5 50.7 67.3
A - S 9.33 0.079 50.8 18.7 0.016 24.2 22.7 57.3
T 9.60 0.170 455 17.3 0.110 15.3 51.9 67.0
WL 35 81 1 J5 7.59 0.152 77.6 30.8 0.160 32.4 30.4 92.7
TR 6.23 0.157 68.7 29.2 0.110 26.3 32.5 89.9

T 5 J 7.98 0.159 89.1 33.8 0.107 38.3 34.2 106.0
T B - J 6.27 0.180 85.8 29.9 0.144 35.7 41.1 116.0
Ex Eow 6.49 0.194 39.1 18.1 0.098 12.4 35.1 72.1
T 10.50 0.163 59.6 22.7 0.034 28.9 22.3 67.2
I AT X 16.89 0.140 46.7 26.5 0.024 25.4 22.4 70.6
PN 6.27 0.138 57.3 23.6 0.210 22.1 27.0 74.5
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(0 A2 7 (9 EHT A8 A 7= AT ik PVC AR 7™ F U T
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Table 3 Mean values of heavy metal contents in farmland in China/mg- kg™

JLR As cd Cr Cu Hg Ni Pb Zn
WFoE A 363 451 399 376 315 263 463 345
344 > 11.00 0.350 2 62.91 28.87 0.135 1 28.91 34.67 90.24
FRAER (SE) 0.47 0.03 1.23 1.01 0.01 0.83 1.61 4.20
SR 58 (0 H0a 15 23 20 21 10 6 21 24

S [ 7Y S 10.3 0.126 53 21 0.03 22.9 23.1 67
%% bRl Y 20 0.30 250.00 150.00 0.50 60.00 80.00 200.0
AR BRI T B 46 149 0 0 12 7 24 20
MR o LY 13.22 34.81 0 0 3.93 2.72 5.43 6.04

D) B AR T SR S 25 bR A 0 Bl mg - kg BBRBRF 5T o LU S 9% 5 2) P S (B A5 B e B B 1 536 15 3) TR T (L 43R
BERT R A Hb A 3T e KRS 45 4 b v ) (GB 15618-2018) 1 4% 76 2K die /N (1 0 L FL 5 4) BB F 72 o1 Ll BB B 50 o 42 Ji 2% ek I 0o 5 2 b i (L 114
Bk 5 1

F4 ERMEXARHOTESE/mg ke

Table 4 Domestic and international research on soil heavy metal content/mg-kg™'

Wi H As Cd Cr Cu Hg Ni Ph Zn WF5E 7 3 ik
o e A 4 11.00 0.35 62.91 28.87 0.14 28.91 34.67 90.24 Meta 7347 (449 SCHK)  ABFSE
op [ e T - 58 10.4 0.23 59.97 28.91 0.118 —b 32.73 86.52 £k (603 3CHR) = [5]
mEAHEE 107 024 622 28.3 0.13 28.2 32.1 833 Metaéy\ff)%(33fs"i;"}, [F16]
Hh e A - e 8.45 0.18 66.81 2573 0.07 27.67 3f).25 83.87 Mmaﬁ*ﬁ(ﬂ-g" r%ik) f";n|7|
o A - 13.3 0.55 68.45 33‘7:7 = 021 34.63 39.2.*-7*_-" 91.01 Z5ik (568 Sc*m‘fﬁ e [35]
WEBI RS 122 039 685 204" 031 249 552 109 \ ik (21 iﬁt?ﬁ)ff 136
X 20.6 3.76 67.37: 888 0.18 45.4 1964 2419 Lk (7297 149 Lg!']
5 1% FTy o 03 403-‘ . 20 .-". 2-3000 o |} gk | 2. 1381
Wi bt Fossioas 200 f 1 15 A @t a5 U2 108880 ¢ fB8]
%l’g + 4 5 u2 0.34 37) ¥, 19 .._.-"16 ' S WS (355 ) [3'j9;1;§
wRe = 75 003 2527 135/ @s | L2890 | SmBEWOISE) % [40]
D | [ . e\ b 7
e r | | I e A -
{ & U ¢ - "”,,j]‘ae ¢ AEREAREE RSBk’
4y “I J i :j ‘ _nl.r ) Table 5 .'__Soil he.a}ly mba'l’jci(éﬁggﬁtr.ation in different regions/mg* kg’l

wpc T As cd Cr = Cu Hyg Ni Pb Zn
jhb‘ﬁﬁﬁf%’elz 11.03™" 0.5459" 58.59™" 31.407 0.038 2" 31,12 23.09"" 80.94"
AL X 8.50"" 0.358 7" 54.68"" 26.117" 0.403 6" 26.28"" 25.34"" 64.96""
AR B IX 9.35™" 0.238 17 65.73™" 30.837 0.190 1" 27.03"™" 32.92" 100.05™"
AT M IX 12.26™" 0.412 17 57.50"" 32417 0.192 4" 30.017" 60.43"" 121.38"™
HEET TR X 9.47"" 0.292 2™ 62.727" 25517 0.109 4 27.26™ 29.39"" 70.26™
A JRX 11.24 0.524 17 68.66"" 36.04™" 1.002 3 31.82"" 56.82" 100.15™"

T L X 15917 0.267 5 76.98 22.96™ 0.092 34.79 27.36"" 74.46™"

DU 1] 4 X 8.55"" 0.532 8" 88.357" 32,407 0.152 6 36.54™ 34.43™ 95.69""
=5t R X 38.23"" 1.4720° 94.25™" 53.817" 0.198 6" 42,17 88.96" 238.68
KL iF X 17.447 0.872 8" 63.76"" 35.64™ 0.131 2" 30.54"" 45.43"" 105.26"
4 E B 11.00”" 0.350 2" 62.917" 28.87"" 0.135 17" 28.91 34.677" 90.24"™"
S bR > 20 0.3 250 150 0.5 60 80 200

DAL T 5 H R GH S AT AR VT T ARRIAT 5 AU . U TR AT AR R A X AR A R R 5 B
WESF- S TG TR L L AR bt RO 5 R D s R UG LU VY 5 T s D s TV G R U A DU RN R & SR R s SR K
YL TR WG BRI G 5 2) PR TR SRR A A T3 TS Y KRS A R E ) (GB 15618-2018) H 4% I8 R e /N B 5 3) kR
R AE A AR L 2 P < 0. 0015 *+ R (H A AR 25, P < 0. 015 * R (H A IR B2, P < 0. 05; A i Wl 3R 25 i
BRI R B3, P>0. 05.

2.3 FREKRH-HES R S R AR b 2 S G K U TS e BB LTS, DL
R RAE T 4w 5 Y 23 (A% JR BE B )0 A AR s AR LB AR, 2 T R A B R B A

B, A BIE ST 38 o X 43 AN W] ] B (2005~2009 4F ZM B (SDE).

2010~20134F | 2014~2017 4FF12018~2021 4F ) K 1 Mz a] ok FH (K 6), 2005~2009 4F 34 23 4
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Fig. 5 Spatial distribution of heavy metal element content in soil
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Table 6  Geoaccumulation index (Igm) for different regions

Hb X As Cd Cr Cu Hg Ni Pbh 7n
ek TRX -0.70 0.62 -0.52 0.07 0.21 0.45 -0.38 -0.27
ZRALF JE X -0.55 0.46 -0.57 -0.60 0.81 -0.39 -0.61 -0.76
AR U U X -0.67 0.16 -0.75 -0.37 -0.80 -0.68 -0.34 -0.18
AT L IX -0.09 1.37 -0.47 -0.61 0.59 0.02 0.04 0.42
BT J X -0.80 0.79 -0.71 -0.49 0.51 -0.68 -0.37 -0.68
- X -0.49 1.22 -0.48 0.12 1.96 -0.35 0.30 -2.88
T DX -0.84 0.86 -0.72 -0.40 1.56 -0.53 -0.39 -0.54
V1] 235 11X -0.59 1.41 -0.36 -0.34 0.22 -0.35 -0.35 -0.32
=B R X -0.16 0.56 -0.54 0.00 0.13 -0.32 0.58 0.92
KA X -0.41 1.40 -0.90 -0.34 -0.01 -0.74 0.04 -0.08
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Fig. 6 Spatial and temporal changes in heavy metal pollution in farmland soil of China
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