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Risk Zoning of Heavy Metals in a Perl urban Area in the Black Soil Farmland Based
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on Agricultural Products
WANG Xlng -jia, YAN Zhuo-ran ‘ . -~ & 4

WU Song-ze, WANG Dong yan, LI Wen-bo * .
(College of Earth Sciences? thn Unlvemtv, Changchun 130000 Chlna) — ; d I

Abstl.'act Agncullum}‘ produr’l% are a primary pathway for humang’ E?Jvcuzp.ufalltle heavy metals (HMs) via t‘he foil- (’rop system and "'hould therefore should be incl ude(f ash J
crucial partjof the food -s%curlty in our country. Given.that previous studies o protection zoning for preventing farmland HM pol llution rarely considered aghicultural products a
a basic element, this study aﬁempted to establish a zoning systém for farmladd HM prevention, which was bqé"ed on the perspecuve of agricultural productpollution.=We
subsequently took 4 representative peri-urban area in the blagk soil regiony which was provided with a higher tisk of being polluted, as an empirical case. The results ifidicated
that; @ the comprehensiveiguality index of agricultural pro‘duds (1€Q ) was 1.09, illustrating only a mild"HM pollution, with Pb and Ni having the highest accumulation
leveld#2 O the human health risk index (Q,,, ) was 0. 61 showing 1o nsk for human h_g,a th; and () the designed zoning method revealed 89. 45% of the farmlands to be risk-
free at the moment ald 10, 55% of the farmlands to be wider low rlsk of HM p('rﬂunon in agricultural products. According to the zoning results, we suggested prioritized
protection andl an early-warhing strategy, respectively, and further recommended prevention methods such as accumulation intervention, crop restructuring, and in-situ
passivation; The results served to enrich the theoretical basis for preventing farmland HM pollution, to reinforce the management standards for agricultural products in the black
soil region, and also to build a differentiated urban-rural farmland protection system.

Key words: peri-urban farmland; black soil area; heavy metals; risk zoning of heavy metals in farmland; agricultural products
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A FH AR 77 i B 4 i o B LF I i TRk A 7
i, AR S A S % B AT MR R+ X L 40
AR AL B L™ S AR LU B ( F Tz o hACR % &
K—Fhger=ah , %F L B9 BOKR KPS E 4R & )
Bk Ni R S A LAh, KR E 4R % & (mg-kg ™)
4351k . As(0. 04 F10.02) . Cr(0.34 F10.10) Fl Cu
(1.39 F10.99) , AL B b A 7= i & w2 AL gek W
TR EE A 1. 4 ~ 3.4 £ ULIAFESRAR A FH T 7= Y
A= Ty ke T A JE R B AME R REL(CV)
GER R BRKRET Zn STEA R RBR P EAL R
(17% )b, HA4x iR 4 /ot R CV {HIEFITE 38%

2.1.2 i ES R BRI AR

A= i 8 FhEE 4 | BRRE(P,,) AR E (A
3),As. Hg. Cd. Cu Fl Zn 3% 5 Fl T 4 J& 2 %8 5 7
P AE/NT 1 AE RS, Cr, Ni Al Ph iX 3 FEi 4>
J& TG 3R B AR 5, Cr JUER 48 KR53 s i b
I 9035 5, 1 6. 55% (1) s A Ab 155 B AR al 4% i
FH; 10 Ni R Ph PR G ER KA B S SR oA
15U A - 1055 B (23, 63% F148. 63% ) 5% JF B
(7.66% F12.19% ) . HEE R (4.94% F12.19% ) ,
A Ni JGE 0. 55% sifiiik V9 i B2



458 Foom B ¥ 8%

®4 FAAREBRFLRESELIESHMMR LR /mg kg™

Table 4 Comparison of contents of heavy metals in crops from different areas/mg-kg !

WIT XA B TEMIZEARL w(As) w(Hg) w(Cd) w(Cr) ®(Ni) »(Cu) w(7Zn) w(Pb) SCHR
K F IR A KRG 0.06 3.32" 2.33*% 0.43 0.73 2.76 18.62 0.17 KNI
STV RAE G AR 1 KRG 0.10 2.20" 2.50* 0.10 0.30 2.63 16. 64 0.01 [18]
I EELg AR KRG 0.07 — 4.60" 0.38 0.44 — — 0.03 [31]
K F IR A Tk 0.04 3.69" 2.17* 0.34 0.39 1.39 11.75 0.24 KNI
Hh L g Fok 0.02 — — 0.10 0.39 0.99 — — [20]
SRR G AR T Fok 0.02 0.90* 2.50* 0.13 0.37 1.26 19.26 0.01 [18]
I EAEE G A BN 0.01 — 0.01* 0.09 0.09 — — 0.04 [31]
1) * FRIZBE AL N pg kg ™!
e S SR A R IR A (11CQ,, ) TR &5 R B ; 014
7N WEIE X A 72 T1CQ ,, JE L 7E 0. 01 ~3.56 2 ol . Loss
], 735 11CQ,, B A 1. 09. ;Téﬁﬁ IDW Jy 1 X 1fF 5% S| WERR o * lome

XA = fh i A R A B AT s AL [ B 4 (a) ],
TE,D%?E@IJ:EMEZQF%D@I ~ Vg BRI 51
Wk R K R 28.10%., 67.63%., 4.00% Fi
0.27% , B M5 s SBVIRES , AR 5 X b
[ 7K 43 A3 X5 P e 0 >4 %%IﬂlE@ﬁﬁ

>
Pai
(¥

BT BT e R ARAE A A e H'g Clr I, P-h (I:d-
%)@ BBURE ,ﬁﬁﬁiliﬂ?iﬁthﬂﬂtiﬂﬁﬁimiﬁ_ / P 4

: Cwh zeﬁu'iﬁﬁfg% RE P,
e H &7 2l ?.E .%u "
E {75.-25 )L‘% ,f %%t A *I rﬂ E/] %% ';[T Fig. 3 .é';écp"mul'gﬂ-fwn ch acte tics of heavy metals in crbps":‘ ___,_.-"',‘

L/ ﬁ
/\ﬁfﬂﬁiiﬁﬁém ,;rf,' / - / — P
22" Z%an?%/\ﬁ’b@ﬁ%ﬂﬁﬂﬁf' P o mﬁi@@é@@?1,,§1¢aﬁﬁgﬁﬁﬁﬁwﬂmﬁ
mzmw)ca@ﬁ%a@mmg TS SRR Y R ST
ﬁ%ﬁ%g&%ﬁzmm@n SR A () s A5(38. 59% ) FILPh (20, 65% ) ke K. f

5): 1% As m%ﬁﬁz/l\ (1.09% ) B9 gz Qﬁg'ﬂi%' PHERAE As JTURIFAJELEA™ i RBUT 5 F 7
,,\%éﬁ JA8 4 AL Qu /N FT, H fma@fn%%,As T8 TR 1 R TR R S B
| BEEE Mgk 5B | BRI | AR O kW

I a pss e IV R AL 1185 R AL T 5 M 4% X

\

0.27%
(a) e M TR (P ai) (b) £ HE RS (Orn) () % [ T 43 o XL 4 1K

4 HRRZELHR
Fig. 4 Spatial distributions in study area




14 SANPERE « AR DALY B SRR B M A P EE < Ja AU 701X 459

1.4 0.06
40.05
msmm
10.04

g . 10.03 &

0.4 -& © 10
w1, i T _T’fﬂ.ﬂl
Tiilbo)l =

= s _'_.(}

:\Is (,‘ T l\:'i (,I u '/,In I’Ib I-;g L‘Id
B5 AFRERREITMNER
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N e R DRG0 1 2 2 B R 2

Z P E 4 A X AR I 25 R XU ( Q) ¥
F£0.3 ~2.02 Z[H], 3 Qb 0. 61, BAKFE 1
AHFFE DA 7= il AN 2 R 7= A KL wjzﬂ 5 R
55, R RR KURS: 2E 47 25 Bl 4k, 45 R Won [ K 4(b)J:
91. 43% Hi X J&§ —HIC AR ; (L 8. 57% %#WL?_
1 KUK A5 b T ﬁﬁ%n&m#éﬁz
A FAKAEFIAEIX..
2.3 Z?FHDEAEHKM}L

ﬁ?ﬁ#miéﬁ%ﬂ%ﬁ&iﬁ@ﬁ%ﬂ&

ﬁ% SRR AR A T e R IR 2 R A
M@]ﬁnE&ﬁTl%%ﬂ@%%ﬁﬁ@ﬁﬂ

JHEEFL Iy 0 s X, 43 ) EOA 890459 Al J
%jfﬂﬁ"ité%#ﬁl_ﬁé/\?ﬁ%ﬁﬁﬂn -~

104559
th%ISﬁ;%L THAIL ZH ARG JRL 5 28 3 X 7 25780 4
A7 b FEEEF Iy SRR FARLAE v 43 A AE BB AT
7K e 91 ] P s G ) 30 X . g b K AT £ A R
WHABMEDN 7 4 8 BRPRE B A X AR, (E7E 3
BAARAE T, 30 3T — 0 ) 2% SRAE Tl Pl X i il
T K FATS BT /0 R I XU T M 4 X
2.4 A S E S R A CHERRIE

HEEBA TR MHTBEM B HEAR
Ykt R EIR AR B AR E R (R
THEEBETRESHESEZL) , SHEERNEE
280509 4:0.005 £0.003 (As) . 0.108 +0.074
(Hg) . 0.019 £0.019 (Cd) . 0.006 = 0.006 ( Cr) .
0.017 +0.017 (Ni) ., 0.072 +0.055(Cu) . 0. 198 =+
0.122(Zn) F10.010 £0. 006 ( Ph) , 4 /= it i L F 4
JERESI K /N:Zn > Hg > Cu > Cd > Ni > Pb > Cr > As.
=Xt Zn, He 1 Cu A& 4 R B0, b Zn
Al Cu BAEW A K E B LTEFRIGRED R
BV e He B RSRAE SFREH T A
H TR XA i P44 o (Hg) (0. 004 mg-kg ™" ) it
AT B i % 2 E Z bR iE (0. 02 mg- kg-1 GB 2762-
2017) . AN =GR Ph . Cr Fll As X 3 FhEE 4 @ 1Y

B RBURAL, JRHE T 3 ME S B LR R
TR HR LA AR M A B R AE A R B AR
FIH.

T3 XoF - 4 G FIURT S i DA BRI B i 2 [
1T Pearson SR T AH M0 #r | 45 51 Wos HIEFIEY)
Hp ] — b B 4 8 B i 2 R A A Sk 'ﬁﬁ‘ﬁJ\
A FE 4 R —3 1 ks AR A i_fﬁ
RS ERAAES . R RS R E 4
*’%ﬁ%ﬁ%é}l%@k”” ) ﬁﬁxlﬁlﬁfﬁﬁﬂfﬂ%ﬁ
SEE i Y Pearson AHIE M0 #4551 b 7n ,ﬁ?%?ﬁiq&‘
Pb fl Hg 7€ 0. 01 7K F (BUI ) 47 7 I 25 19 AH 56 1
(0.578), i Bl Pb Al Hg AT fE HA t W] 28 4k 7 5%
21 DI EYIEY P A Hg 19k TR R AR 2%
WA, KA W DT A 2 L 32 B R TRk A
HWFFEX LRI & 52 55 Hofy Sl iy 327 \Z‘ﬁ)@
ST FITH B0 TR TRt 7R 7 v PSR
ZORISARA T ek 1 U4 R UK. HESD/PD Al He
AT 4 R R 9 S AATE W 5 R ﬁﬂi\aa
b E < W) 28 A7 0. 01 7J<—T|ZJ:E’JE%1‘93§I’$ e
ﬁ*ﬁfﬁ&?ﬂmiiﬁgﬁﬂdﬂl’lﬁﬁ}:%ﬂu Ni 7T
RIER NiJLR Y G ' Zn zmﬁ’ﬁa%%ﬁ& ;alJ"_
1£0.01 K Lk o) 752 F10. 409 S BEEATG, T
3%%%1L#ﬁ%%mﬁﬁ@ﬂﬁ%ﬁym
RO R A R N G R RBUR R R WE
LA TE SR . 7/ B RIA O Ni iR E RS
i 13 A A v A T B B S B BR = (1.0
mg-kg ™", GB 2762-2012) , i AR K Ni JCE KR b
WS H W2 AR5 R & T E (0.4
mg-kg ™) AHXTHINEAS  SECR T N TR P
SRR B AR

3 itig

FEX H TR AR T IO 2 B Rl X
TRBCRMAIL SO 47 ) s, LA Ry H 22 27308 1R
FE ™ HAREES. B X BUAF 1R 23 T 250G DX, T 2 M 47
DX, R ISCRRURG SR BRI W42 Y SRS < ¥ SE i X 3
AT il A SRR A DI R] M, R L 5 b A
(AN 114 45 o UK SR AR A 23 >4 i 5t 4]
T4 pH | 2 R FH R S O A R
37 45 T BT I 43 % i) o 7 it 7 T £ 414 g
BN Xof (7388 TR 7 J )R RIS X it — 28 XU A Y
A2 DR XU SR DA £ P 308 T 7 1 5 B EL
[F1] RS AT TG B U ) A i R ek 5 AT B
] g i 40

HIF5E DX H RN A XU T 42 DR o XL
BRI A7 DX, (HR AT ST H BT 18 A3 W) 26 A A



460 7N 5

B 43 %

ST B SR BRI 4 R BRUSOR, T I
ST Z R IR Bk — LA B A 2R Oy
S, UL Bl 2 A B XU ph IR 2728 S L 5 8 R
Bor. A T T 4 T LI 35 T 33 1 0 72 i 2 4 22 5]
T U SR E A A A R EGE
(AR AR A e R A %) | [ PG 4
Sk et VR A FH B A B B35 £ 7 4 2k 2R 1L
VL WM BTN MR T 4 R A R, A A
TR A SR S | R R I ol M 16
53 9 Sy AT IR FE | T 4 R K AR 1
il 4T I I 3k DU X 7] % e DX IR T
H P B R M 55 A 7 XU, BB - i 0 A = Ty
EHEAARE BT B 2 PR Oh AR M, 3R 2 - M
HEZSTHAE | SO AR AR SR SCAL TR, LA & 4
B IC 2 A2 2 AR B A A

L5 1 ph TP T 4 LA WA R S
A A D T 7 AR AR A5 R
O R R AR ], 5 T 4 R 4 i 5 = i T P ) 2
TR A EAT B0 AR DG 3 B~ W ERE T 24 7
)1 39 4 SRl 2 4 LR X A X
R i AR TE (R A1 e ﬁﬁ%
AEW@%%@@%@%%%i%%%ﬁfﬂ%
S - B ER i SRR S SE Y (Juat T iiﬁ ! ﬁcﬁt,
RS thy 1 i £ 14 T 4 I e i

ﬁ%ﬁﬁf%%u%%%ﬂmﬁE%é@%@Kg

7 ﬂéﬁﬁ%ﬁmiF&MMTEJm?f%ﬁ
A FEL IR DEAA 55 431X 3 i, AT 398 15 4 7= K
WM PHY | 45 14 55+ 48 T 42 J 43 IX 5 AR SCIR
PP A = i 43 IX 4 ) T FF TR A T 1 2 4 JR XU 4
X, AR TAE.

4 i

(1) BFFEIX AR ™ it H 4 Jd BB AR ARHAIE b 7R, 4 Cr
Ni 1 Pb 3 Fh i 4 )8 50 WA 6.55%, 36.78% #il
53.01% W s AAE AR R EE M E 4 s R, H L
Ni #1 Pb LR E 4R BT & K-t G
JEEHEE(TICQ,, ) M 1. 09, BIFFE DX AR 77 i e Ak B T
& JE o REVIRES.

(2) NARARFEXBS VAN 453 s I As TTER AT
15 1. 09% B SALEEAR 16 3 R AL ( Q) BB B, He
REEGJBEIEAIN QulHIiZ/NT 1, ZFEEE
fEFRE(Qu) M 0. 61, RITEI:.

(3) A7 it 43 Ja U 43 X 45 R R WY pF 9 IX.
FCEB A b T XU 2 4 E Rl X (89. 45% ) , (L
SR (10. 55% ) RS 28 v B 19 4 s SR AR B 55
At PRI R A AT JRUPSS: 085 s 4 X 3 3803 3] SR BUATE

Se a5 T WA SR AT DA 4 8 A o A 45 g R
I G 1A i 7 1] R A T B A T B AT AT
R FH IR 2.

SE Lk

(1] B3, Ry, ZFEAM, FF P LR X R — 5
JHEGSERIM]. dEat: Bleghpat, 2014

(2] Bk, M. FRE 35 Y X2 5 55 BOR BB 55K

mELJ]. rhElﬂsalsnlsnﬁ , 2018, 33(2) ; 145-152.
Luo Y M, Teng Y. Regional difference in soil pollution and
strategy of soil zonal governance and remediation in China[J].
Bulletin of the Chinese Academy of Sciences, 2018, 33(2):
145-152.

(3] XUFERT, Al I PR S Ak X 3 9 i S FREZR [T ].
+3€, 2014, 46(3) : 389-393.

Liu Z X, Gu J. Concept and framework of soil environmental
function regionalization in China[ J]. Soils, 2014, 46(3) ; 389-
393.

(4] EF, 2550, S/ME, % — BT XUS &2 00 AR H] £ 5
WEIMIGRNRITEI]. EBFBEI, 2048, 27 (2) ;
2321-2328; - " P
Wang Q, Li EB4 Huang X Z, et al. A lesblﬁédtlu.nl approach of
heavy metal pollutlon of! Paddy soil based on n-s‘k H}_a-na'gEment
[J]. Ecology and Envitbnmental Sciences, / QOL& 27 ( 12)
2321-2328. Fale 4

[5] BRSCHF, 2596y If’\ AL E A L e AR IEﬂﬁf?ﬁ?"
ﬁ&m%&ﬁmm Hf“ﬂ?, 2020, 41(6) : 2822-28331
Chen W X Li Q, .ll‘Wang Z, et al.
charactéristigs and ‘pollytion evaluation of heavy metals in arabTe

(China[ J ]~ Environmental Science, 2020 41 (6)

Spatial dLerlbu‘hon

land oil
2822:2833.

[6] ot DR, fhikik. WARH ﬁﬁ%iiﬁiﬁiﬁﬂé‘/ﬁ%
i BORBATHT ()], Al TRESEAR, 2018, 34(9) ; 216-223.
Xu X B, Lii J S, Xu R R. Source spatial distribution and risk
assessment of heavy metals in Yiyuan county of Shandong
province[ J]. Transactions of the Chinese Society of Agricultural
Engineering, 2018, 34(9) : 216-223.

(7] M=z, TR, TiRrR, 5 S8/NR 4 8 S 5 s 25 )
SR RS PR M . LAl Ze i [ )], BREERLE, 2018,
39(6) . 2875-2883.

Zheng J Z,, Wang C D, Wang S H, et al. Spatial variation of soil
heavy metals in Lin’an city and its potential risk evaluation[ J].
Environmental Science, 2018, 39(6) ; 2875-2883.

[8] XTEI, Ry, BW, & LU +IEE L E BRI S
ERMMFIX[I]. Rl TAER, 2016, 32(23) : 254-262.
Liu PJ, Wu K N, Luo M, et al. Evaluation of agricultural land
soil heavy metal elements exceed standards and safe utilization
zones[ J ]. Transactions of the Chinese Society of Agricultural
Engineering, 2016, 32(23) . 254-262.

[9] ZEEfnb/RiEh - W, ISR - XS, B - 5

ARHE, S BTSRRI T g S R XU T
W), AESHIER, 2018, 13(2) : 171-181.
Eziz M, Mohammad A, Mamut A M, et al. Assessment of heavy
metals pollution and its health risk of farmland soils of Yanqi
basin in Xinjiang Province[ J]. Asian Journal of Ecotoxicology,
2018, 13(2) . 171-181.

[10] Cherfi A, Achour M, Cherfi M, et al. Health risk assessment of
heavy metals through consumption of vegetables irrigated with
reclaimed urban wastewater in Algeria[ J]. Process Safety and

Environmental Protection, 2015, 98 245-252.
[11]  JWJE, Babak, EIvbk, 55 MR XA H 3 -RIEY &R



SRMNPEAE AR5 LA S

RN

+ Hb A H B 4 XU 43 X 461

GETE G ) VAR A S R DA B U [T]. BRI AL,

BHBFTRHIZ[D]. K& HHOF, 2019,

Liu M M, Gao F J, Han J, et al. Ecological risk and source
analysis of soil heavy metals in a Mollisol watershed of China[ J].
Journal of China Agricultural University, 2020, 25(11) . 12-21.
ARPF. MR A Ot 3 T G R TR e AL AR M

2021, 42(4) : 2003-2015. (217 feridy, BXER, FRRT, 5. MLAUOTT Ak Dl - e o 4 R v gt
Zhou Y L, Yang Z B, Wang Q L, et al. Potential ecological risk 9% [RIRRAE S5 RS P [ T]. PR, 2019, 40(6) : 2869-
assessment and source analysis of heavy metals in soil-crop system 2876.
in Xiong’an new district[ J]. Environmental Science, 2021, 42 He B, Zhao H, Wang T Y, et al. Spatial distribution and risk
(4):2003-2015. assessment of heavy metals in soils from a typical urbanized area
g, Wi, FE, S TP MRALE R XOR H RS R [J]. Environmental Science, 2019, 40(6) ; 2869-2876.
FCdTBEEZWHMANZ[]]. WERY, 2021, 42(3): [22] Zhu Y L, Wang D Y, Li W B, et al. Spatial distribution of soil
1514-1522. trace element concentrations along an urban-rural transition zone
Ma H H, Peng M, Guo F, et al. Factors affecting the in the black soil region of northeastern China[ J]. Journal of Soils
translocation and accumulation of cadmium in a soil-crop system and Sediments, 2019, 19(7) : 2946-2956.
in a typical karst area of Guangxi province, China [ J]. [23] EE%E, X7, MERZE, & —MAcH-5EEEEZ TN
Environmental Science, 2021, 42(3) ; 1514-1522. BORTT  RHEAAR S SR B AR HGL (1] R FREER)
DRE, S, XK, AF TGS R A DOR -1 220, 2016, 35(7) : 1225-1232.
MAREEIR YA RIS R[], AR, Wang Y J, Liu C, Zhou D M, et al. A new approach for
2020, 41(1) ; 449-459. evaluating soil heavy metal impact: a comprehensive index
Ma H H, Peng M, Liu F, et al. Bioavailability, translocation, combined soil environmental quality and agricultural products
and accumulation characteristic of heavy metals in a soil-crop quality[ J]. Journal of Agro-Environment Science, 2016, 35
system from a typical carbonate rock area in Guangxi, Chinal[J]. (7): 1225-1232. -
Environmental Science, 2020, 41(1) ; 449-459. [24] BEEZF, k=i, é%fﬂfl:, &5, T“Eﬁ@j:i%‘—ﬁﬁ{ fl?_E*H
WY, SRR, Rh, SF. R LI ARTK T G R T TE BFHE S AR R[], AR SRS % ,‘,.““'20‘1‘7, 33
5 Y RS PEAE SR IEMAT [ T]. Ak TR 223, 2019, 35 (8): 706-714. 2
(6): 198-205. { *__.- LuSF, Zhang‘g Y X, YuY Y, et al Characf_e-ffstigf_s,.oﬁheavy
Ao M, Chai G Q, Fan C W, et al. Evaluation of potential metal accumulation in soiil»corn system content$ ar}tj--"their health
pollution risk and source analysis of hea\{j;.metals in“'..lfgaddy soil risks in‘lf.Nandan.,u,.--Cuangxi [ J]. Journal of Ecolf)‘:;gy gfnd"uﬁ__:ﬂnf;ll
and rice[ J]. T..r_.aﬁsa(?tions of the Chinesé Soeiety of: Agx:icg].tu‘r.al Envirolrim‘flsnt, 2017, 3?(8)‘.5 706-714. r 2
Angineering, 2019, 85(6) : 198-205. | | sy J ¥ 45 [25] A IR SEPMEA. R+ = () BEAR AN
[1sY Zafiute, SORBE, W, S oM i SR IR LR K R 6 E KBRS SRR 1], M SR SERL % )
Gl BT T4 (1), A IREEE 2006, 28 i, 1986 %643) b1 : -l
1(9) : 1546-1554) i [26] ME#y, i, REW, . 0L S ORE 1
i Qin Y H, Qiang?] K, Cao D, et al. Conlg‘ﬁls:";nd hd!llth risk fé**ﬁ%)ﬁﬁi&%%ﬂﬁﬁ[ﬂ HEE Rl 2, 20‘1.;8{ 39
f ‘ assuélssmenl of heavy metals in soils and rice gll'hins""from_“:typical (6): 2019-2926. ]
'I: rica"—grow‘ing; region . jof = Xuzhou (:ityu [ J i E?.glogy__.aﬂf:f Tian M L, Zhong X M, Zhané Y X, et al. Concentrations and
Envir;onmefﬁal Sciences, 2016, 25(9) ; 1546-1554. ___A_.'-'. health risk assessments of heavy metal contents in soil and rice of
uﬂﬁ(‘, L SESiiiN E‘K%Eﬁ, L. TR SR X AR R mine contaminated areas[ J]. Environmental Science, 2018, 39
7 G T RS R AE S A HE KU P40 (], BRBERLS, 2020, (6) : 2919-2926.
41(12) ; 5579-5588. (271 EftE, R3cH, XEE, & MANTHEX LR SEY T ES
Ye M, Zhang J R, Zhang L L, et al. Transfer factor and health E@@waﬁﬂz’fﬁ[]] . Iﬂﬂ:ﬁﬂ-”}t’, 2018, 38(4): 1550-
risk assessment of heavy metals in a soil-crop system in a high 1560.
incidence area of nasopharyngeal carcinoma, Guangdong[J]. Wang SY, Wu WY, LiuF, et al. Assessment of human health
Environmental Science, 2020, 41(12) : 5579-5588. risks of heavy metals in the typical sewage irrigation areas[ ] ].
SSCHE, TR, R SILIRADS B SO BL R SR China Environmental Science, 2018, 38(4) : 1550-1560.
BiEPFA[T]. Ak TR, 2018, 34(7) : 209-217. (28] R, XV, WHlldd, & RIHRSN L5 7 2 PG FOK 4R
Shi W J, Wang Z, Wu X. Evaluation of environmental quality for PR A= 4 R 2 e g B XL RS [J]. A A FE AR , 2017, 12
organic production areas in ecological animal husbandry of (5):219-226.
Sanjiangyuan [ J ]. Transactions of the Chinese Society of Xu L, LiuY, Yang J J, et al. Bioaccessiblity of cadmium in rice
Agricultural Engineering, 2018, 34(7) : 209-217. and its health risk assessment by in vitro method [ J]. Asian
S, TN, RS, AF. SUTOP IR AR AR AR R Journal of Ecotoxicology, 2017, 12(5) : 219-226.
HERAERIRATO )], FESHENERE, 2018, 35(10) [29] Mokar, 758, WIME, & WM LE-KEREE SR
896-899. AT A SRR IR [ ). FREERL:, 2021, 42(1) : 359-
Zhou T, Su X S, Song T J, et al. Health risk assessment of 367.
heavy metals in seeds of different crops in typical agricultural area Lin C Q, Cai Y H, Hu G R, et al, Bioaccessibility and health
of Three River Plain[ J]. Journal of Environment and Health, risks of the heavy metals in soil-rice system of southwest Fujian
2018, 35(10) ; 896-899. province[ J]. Environmental Science, 2021, 42(1) : 359-367.
XIYAYE, SRS, i, 5 BEX/NRESEERESREAS [30] US EPA. Exposure factors handbook 2011 edition ( final report)
feESRBEMAT[T]. PERI KRS, 2020, 25(11) [R]. Washington; US Environmental Protection Agency, 2011.
12-21. (317 JRRVKIR, EMESR, 2/l , 5. BAbdu R MRy b E G s

T YR KA RS PRI ()], ARSI AR, 2014, 23
(8): 1351-1358.
Ma B J, Wang H L, Li X C, et al. Pollution of heavy metals in

typical crops of northern Henan province and health risk



462 7 S 43 &
assessment[ J]. Ecology and Environmental Sciences, 2014, 23 (6) : 204-209.
(8): 1351-1358. Li B J, Wang S Y, Zhou S L, et al. Heavy metal pollution
[32] Zegky, fRer, BRIR, . bRNTiqe M L3 4R A Yl 4 characteristics and its response of source-sink relationship in
P B F AR B XU PEAS [ 1], IR 2205, 2013, 26 agricultural soil at field scale[ J]. Transactions of the Chinese
(10); 1139-1146. Society of Agricultural Engineering, 2018, 34(6) : 204-209.
Li J N, Hou H, Wei Y, et al. Bioaccessibility and health risk [41] #OBHE, R/NIF, #EEF, % ANFEFRGEFX Cd, Pb, As
assessment of heavy metals in agricultural soil from Zhuzhou, },\%’é a2 R oE[]]. RSB A, 2019, 28(9) :
China[ J]. Research of Environmental Sciences, 2013, 26(10) ; 1867-1875.
1139-1146. DuCY, YuXF, DuJ L, et al. Variety difference of Cd, Ph
[33] 1@]@;1‘& ﬁﬂﬁk . B ERE DA MER ST [J1]. and As accumulation and translocation in different varieties of zea
WA BE2EREBEER, 1999, (37) : 9-11. mays| J]. Ecology and Environmental Sciences, 2019, 28(9) :
FuY G, Hu X, YuS X. Study on the tolerance limit of nickel in 1867-1875.
foods[ J]. Acta Academiae Medicinae Zhejiang, 1999, (37): 9- [42] Guo X F, Wei Z B, Wu Q T, et al. Cadmium and zinc
11. accumulation in maize grain as affected by cultivars and chemical
[34] PVEEE, kmNEs, EE I, % MALA L Tk L E 4 fixation amendments[.l]. Pedosphere, 2011, 21(5) : 650-656.
W B 2 T Ay AGBEADL [ T]. SR BERES2, 2021, 42(3) [43] H%, Bh%E, BHIF, *f?, W BT 4 S ek T
1093-1104. mz«azﬂ[ ]. T EARASE M, 2018, 34(33) ; 101-106.
Sun X F, Zhang L X, Dong Y L, et al. Source apportionment Xiao R, Nie Y J, Cao Q F, et al. Farmland contaminated by
and spatial distribution simulation of heavy metals in a typical moderate and mild heavy metal pollution: characteristics and
petrochemical industrial city[ J]. Environmental Science, 2021, abatement strategies[ ] ]. Chinese Agﬁcultural Sﬂenm: Bulletin
42(3) . 1093-1104. 2018, 34(33): 101-106. ] '_,_.'-“"‘Hl /
[35] Lehrdy - KB, BEARERSLJE - BOARHL,) UERZR, A% BT [44] X4, AR A, xﬂiﬁ%ﬂ&&ﬂl&/ﬁééﬂAﬁﬁkﬁﬁEm%ﬂ
PMF A58 5 UE AR R JA] @i%ﬁﬁ)ﬁﬁ%&%%ﬁﬁ[ﬂ. *ﬂ%“é‘fn'ﬂ_ﬂ’]ﬁfﬁﬁ[l] Hﬁ%ﬂ?’??ﬁ 2010 30 ('_._) T1846-
Al THRE2A4R, 2019, 35(9) : 185-192. i 1853. | & l r
Imin B, Abliz A, Shi Q D, et al. “““Pollulion -“;w!d source Liu W T Zhou (n} X “Effectiveness of different smI"'amehman___s‘ in
identification of jheavy metals in surrounding soils of. eastern”, redumng oonveﬂtratmn@ of Cd and Pb in Chinese cabhagel J].
~Janggar coalfief(.i. based on PMF model [J] T'ransacuonsll'of}-l'fe“‘ Acta gcw’ntme Clrcumstantlaeu,_.-ZOIO 30(9) . 1846- 185,3
" Chinese Soélety Qf Agncultuml Engineering, .»201“ '.3 [45] ﬁ}ﬁ[ﬁ Fr’liffi 5(']7'%@ %‘ &[ﬁﬂﬂﬂiﬁ%ﬁ%ﬁﬁ K)T{u
1R, - e A av” A A RRELD ). s EREB BT, 2018, 33(2)
[36] |Zhang Hy Feng X B, Larssen T, eflal. Bl(;ac.cumulanm.’i' of 159. 4 .f. ) & ‘
A melhylmercury versus inorganic mercury in 'nce ( ()ry.eJa sativa Xu J M,‘ Meng J, Liu X M, et al. Control of heavy'“"‘;lelal
L. ) ‘grain[ J]. (Enlvironmental Science & Technology, 2010 44 pollution in farmland of China in terms of food security [ J].
(12') 4499"'4504 = 4 m-"'f Bulletin of Chinese Academy of Sciences, 2018, 33(2) . 153-
(3 ] Zhang;] RYLiHZ, Zhou Y Z, et al. BlOdV‘:{lldblllly and. 501]. 159.
crgp lran%fer of hPavy metals in farmland soils: a case study in the [46] MRl 227068, Wk, & R4 RN ZIEYER -G
Péarl River Delta, South China[J]. Environmental Pollution, SRt SR, fEYZE, 2018, (1) 16-24.
2018, 235 710-719. Chen LM, LiJ X, HuZ Y, et al. Review on application of low
[38] HhfR®:, 5kT, &F/0Nm, 25, /KRS X 48 Wl vt X accumulation crops on remediation of farmland contaminated by
?Zﬂl’].%“]. FEFEK, 2018, 24(3) ; 44-48, 54. heavy metals[ J]. Crops, 2018, (1) 16-24.
Han J Y, Zhang N, Shu X L, et al. Absorption of heavy metals [47] Wang P, Deng X J, Huang Y A, et al. Comparison of
in rice and the influence factors[ J]. China Rice, 2018, 24(3) : subcellular distribution and chemical forms of cadmium among
44-48, 54. four soybean cultivars at young seedlings [ J]. Environmental
[39] EB=, FELE, MEl, & ERmEX - FAES Science and Pollution Research, 2015, 22 (24 ). 19584-
JRE ARG N RHTE[ 1], A Wik, 2016, 35(3) . 19595.
295-301. (48] TFEMK, )7, RIAEE, 4F. ALY ERN B bR A0 4
Wang TY, Zhou G H, Sun B B, et al. The relationship between JETE R R Z ORI )], EERI#, 2014, 35
heavy metal contents of soils and rice in coastal areas, Fujian (11) . 4305-4312.
province, including influencing factors[ J]. Rock and Mineral Wei Z B, Guo X F, Wu Q T, et al. Continuous remediation of
Analysis, 2016, 35(3) : 295-301. heavy metal contaminated soil by co-cropping system enhanced
[40] ZR7S, FHEUF, AR, % HSRETRHOES TR with chelator [ J ]. Environmental Science, 2014, 35 (11);

REAE B LIRS WA AR AT (1], ARk TARZE4R, 2018, 34

4305-4312.



HUANJING KEXUE Vol.43  No.1

Environmental Science (monthly) Jan. 15, 2022

CONTENTS

Characteristics and Risk Assessment of Heavy Metals in Urban Soils of Major Cities in China PENG Chi, HE Ya-lei, GUO Zhao-hui, etal. ( 1 )
Environmental Behaviors of Plant Growth Regulators in Soil; A Review «w+eeeereeseesesesenees CHEN Liang, HOU Jie, HU Xiao-lei, et al. ( 11 )
Preparation and Application of Magnetic Water Treatment Materials Based on Iron Sludge ZENG Hui-ping, ZHAI Long-xue, LI Dong, et al. ( 26 )
Meta-analysis of the Impact of Different Ozone Metrics on Total Mortality in China «+«ssxssereereeresememenennienenesene RUAN Fang-fang, LIU Ji~xin, CHEN Zhi-wei, et al. ( 37 )
Variation Characteristics and Potential Sources of the Mt. Haituo Aerosol Chemical Composition in Different Pollution Processes During Winter in Beijing, China —«+eseeeereereeeseneneeeees
............................................................................................................................................................... ZHAO De-long, WANG Fei, LIU Dan-tong, et al. ( 46 )
Real-time Source Apportionment of PM, 5 and Potential Geographic Origins of Each Source During Winter in Wuhan ~— «e+eeeeeeeee JIANG Shu-ning, KONG Shao-fei, ZHEI\C Huang, et al. ( 61 )
Spatiotemporal Distribution and Seasonal Characteristics of Regional Transport of PM, 5 in Yuncheng City - WANG Yun-tao, ZHANG Qlang, WEN Xiao-yu, et al. ( 74 )
Three-dimensional Structure Variation of PM, 5 During Cold Front Advance in Eastern China «+cereereeeeeseseeseseensneee MOU Nan-nan, ZHU Bin, LU Wen ( 85 )
Pollution Characteristics and Risk Assessment of Nitrated Polycyclic Aromatic Hydrocarhons in the Atmosphere of Guangdong-Hong Kong-Macao Greater Bay Area ««+xeeesresrerseresenennenens
..................................................................................................................................................................... LI Yan-xi, XIE Dan-ping, LI Yu-ging, et al. ( 93 )
Atmospheric VOCs Pollution Characteristics and Health Risk Assessment of Large-scale Integrated Industrial Area and Surrounding Areas in Southwest China ««+sesseseesesserenseneniencneneenes

LI Ling, ZHANG Dan, HU Wei, et al. ( 102
YU Jia-yan, HAN Yan, CHEN Mu-lan, et al. ( 113

)

Characteristics and Source Apportionment of Ambient VOCs in Lhasa )
LIN Xu, YAN Ren-chang, JIN Jia-jia, et al. ( 123 )
)

0)

0)

Variation Characteristics of Ambient Volatile Organic Compounds (VOCs) Volume Fraction During Hangzhou COVID-19 Perwd

Role of Atmospheric VOCs in Ozone Formation in Summer in Shanghai Suburh JIN Dan ( 132
Characteristics of VOCs and Formation Potentials of 05 and SOA in Autumn and Winter in Tongchuan, China *+ YI Xiao-xiao, LI Jiang-hao, LI Guang-hua, et al. ( 14
Emission Characteristics and Emission Factors of Volatile Organic Compounds from E-waste Dismantling and Recycling Processes «+++* XIE Dan-ping, HUANG Zhong-hui, LIU Wang, et al. ( 15
Nonlinear Response Relationship Between Ozone and Precursor Emissions in the Pearl River Delta Region Under Different Transmission Chamnels ««+xe+seseereeresesenensenimieneninninennn

** WU Yong-kang, CHEN Wei-hua, YAN Feng-hua, et al.
WANG Yu-yan, YANG Wen, WANG Xiu-yan, et al.

(
Characteristics of Ozone Pollution and Influencing Factors in Urhan and Suburban Areas in Zibo (
Pollution Characteristics and Health Risk of Heavy Metals in Fugitive Dust Around Zhaotong City = ++++xseeseeeversessssennsnsisniinennnns PANG Xiao-chen, HAN Xin-yu, SHI Jian-wu, et al. (
Characteristics of Microplastic Present in Urban Road Dust FANG Qin, NIU Si-ping, CHEN Yu-dong, et al. (
(
(
(

Stable Isotopes of Precipitation in the Eastern Tarim River Basin and Water Vapor Sources - SONG Yang, WANG Sheng-jie, ZHANG Ming-jun, et al.

Characteristics and Risk Assessment of Antibiotic Contamination in Chishui River Basin, Guizhou Province, China «++++++ WU Tian-yu, LI Jiang, YANG Ai-jiang, et al.
Hydrochemical Characteristics and Controlling Factors of Surface Water and Groundwater in Wuding River Basin -+ LI Shu-jian, HAN Xiao, WANG Wen-hui, et al.
Pollution Characteristics and Risk Assessment of Nutrients and Heavy Metals in Sediments of the Fuhe River Influenced Area, Baiyangdian Lake «-«+ecreereerereeremensnmicnicnenninineennes
............................................................................................................................................................ CHEN Xing-hong, LI Li-ging, ZHANG Mei-yi, et al. ( 230 )
Occurrence Characteristics of Microplastics in Mangrove Sediments in the Jiulong River Estuary and the Association with Heavy Metals -+ LIU Chang-jun, LUO Zhuan-xi, YAN Yu, et al. ( 239 )

Quantitative Analysis of the Correlation Between Macrobenthos Community and Water Environmental Factors and Aquatic Ecosystem Health Assessment in the North Canal River Basin of Beijing

HU Xiao-hong, ZUO De-peng, LIU Bo, et al. ( 247 )
Analysis on the Spatial Variability Mechanism of the Characteristic Water Quality Factors of Urban River Channel Reclaimed Water LIU Quan-zhong, PENG Ke, SU Zhen-hua, et al. ( 256 )
DOM Characteristics Analysis of Surface Sediment-overlying Water in Suzhou Landscape River Course -«+sesseessrsserenesmmenieneniniencneennes LI Chao-nan, HE Jie, ZHU Xue-hui, et al. ( 267 )
Distribution of Typical Pollutants from Rainwater Sewer Sediments in Suzhou City — «+seseereeseerrssemenesimmenennnnes e YE Rong, SHENG Ming-jun, JIANG Yong-bo, et al. ( 277 )
Persistent Inhibition of Ammonium Released from Contaminated Sediments Through a Modified Zeolite and Biofilm System Enhanced by Signaling Molecules — «++xereeeeseseereeneeenmncnecenes
XU Jin-lan, XU Yang, LI Xiu-min, et al. ( 285 )
Effects of the Three Gorges Reservoir Operation on Vertical Distribution of Chlorophyll a and Environmental Factors in Tributaries = +:++seeveeeseeeseeees TIAN Pan, LI Ya-li, LI Ying-jie, et al. ( 295 )
Characteristic Analysis of nirS Denitrifying Bacterial Community in Lijiahe Reservoir During Stratification ««+seesesseseseseeeess LIANG Wei-guang, HUANG Ting-lin, ZHANG Hai-han, et al. ( 306 )
Spatial and Temporal Distribution of Aerobic Denitrification Bacterial Community in Sediments of Gangnan Reservoir ««+:++++:++: ZHANG Zi-wei, CHEN Zhao-ying, ZHANG Tian-na, et al. ( 314 )
Distribution Characteristics and Health Risk Assessment of Metal Elements for Groundwater in the Ningxia Region of China »+++++eeeseereeees WANG Xiao-dong, TIAN Wei, ZHANG Xue-yan ( 329 )
Geochemical Characteristics and Driving Factors of High-Todine Groundwater in Rapidly Urbanized Delta Areas: A Case Study of the Pearl River Delta ««+«e-esereeseersereenenenensenincnennnnens
.................................................................................................................................................................. LU Xiao-li, LIU Jing-tao, HAN Zhan-tao, et al. ( 339 )
Multimedia Distribution Characteristics and Risk Assessment of 22 PPCPs in the Water Environment of Qingpu District, Yangtze River Delta Demonstration Area —««+esseseerreseesesennenees
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHANG Zhi-bo, DUAN Yan-ping, SHEN Jia-hao, et al. ( 349 )
Distribution Characteristics and Risk Assessment of 209 Polychlorinated Biphenyls in Dongting Lake and the Inflow Rivers «+++++:+ HUANG Zhi-feng, ZHENG Bing-hui, YIN Da-giang, et al. ( 363 )
Estimation of Nitrous Oxide Emission from River System Based on Water Discharge and Dissolved Nitrous Oxide Concentration *++++*+ LI Bing-qing, HU Min-peng, WANG Ming-feng, et al. ( 369 )

Comparison Between Tributary and Main Stream and Preliminary Influence Mechanism of CO, Flux Across Water-air Interface in

......................................................................................................................... QIN Yu, OUYANG Chang-yue, WANG Yu-xiao, et al. (
Preparation of Functional Attapulgite Composite and Its Adsorption Behaviors for Congo Red ~ +++ LIAO Xiao-feng, ZHONG Jing-ping, CHEN Yun-nen, et al. (
Adsorption Characteristics and Long-term Effectiveness Evaluation of Iron-nitrogen Co-doped Biochar for Secondary Water-Soluble Organic Matter -+ WU Chen-xi, XU Lu, JIN Xin, et al. (
Nitritation Performance of Zeolite Moving Bed Biofilm Reactor for Ammonium Wastewater Treatment +««=««+sessesesresrersenesennenenssnennene DENG Cui-lan, GUO Lu WANG Xiao-jun, et al. (
Effect of Temperature on ANAMMOX Process in Sequencing Batch Biofilm Reactors: Nitrogen Removal Performance and Bacterial Community »«+-++- :

nzhou in the Three Gorges Reservoir Area «+sveeseereresees

Effects of Carriers on ANAMMOX Sludge Activity Recovery and Microbial Flora Characteristics .

Spatial Distribution and Source Analysis of Soil Heavy Metals in a Small Watershed in the Mountainous Area of Southern ng‘ua Based on PMP Model -

..................................................................................................................................................................... XIA Zi-shu, -ru, WANG You-qi, et al. ( 432)
Heavy Metal Concentration Characteristics and Health Risks of Farmland Soils in Typical Pyrite Mining Area of the Central Zhejiang Province, China «ersereeseseseresssnmeneninninennn

++ CHENG Xiao-meng, SUN Bin-bin, WU Chao, et al. ( 442 )

Risk Zoning of Heavy Metals in a Peri-urban Area in the Black Soil Farmland Based on Agricultural Products - + WU Song-ze, WANG Dong-yan, LI Wen-bo, et al. ( 454 )

)

)

Main Control Factors of Cadmium Content in Rice in Carbonate Rock Region of Guangxi Based on the DGT Technique -+ *+ SONG Bo, XIAQ Nai-chuan, MA Li-jun, et al. ( 463

Inhibitory Effects of Soil Amendment Coupled with Water Management on the Accumulation of Cd and Pb in Double-Cropping Rice *++*++++ LI Lin-feng, WANG Yan-hong, LI Yi-chun, et al. ( 472

Characteristics and Health Risk Assessment of Cadmium, Lead, and Arsenic Accumulation in Leafy Vegetables Planted in a Greenhouse ++++seseeseresserersenesemenenieninenennsininnenenens
............................................................................................................................................................ DONG Jun-wen, GAO Pei-pei, SUN Hong-xin, et al. ( 481 )

Pollution Characteristics and Health Risk Assessment of Polychlorinated Biphenyls in E-waste Disposal Residue-Soil-Vegetable -+ ZHANG Ya-ping, LU Zhan-lu, WANG Xian-liang, et al. ( 490 )

Soil-crop Distribution and Health Risk Assessment of Organochlorine Pesticides on Typical Agricultural Land in Southern Leizhou Peninsula «+rveeeseeeesrereeresiemieneneinienensininene

eer LIANG Xiao-hui, XIE Qi-lai, ZHENG Qian, e al. ( 500)

+++ GUO Da-lu, ZHANG Jian, SHEN Si, et al. (

ions in a Terrace on the Loess Plateau ««-weervreeeerereenrssienmennsien e

WU Chun-xiao, GAO Xiao-feng, YAN Ben-shuai, et al. ( 521)

Microbial Composition and Diversity in Soil of Torreya grandis cv. Merillii Relative to Different Cultivation Years After Land Use Conversion -+ BRI

: YANC Wen-na, YU Luo, LUO Dong-hai, et al.
3 etation Restoration Process in lhe Middle of the lemg Mountains, Chma """""""""""""""""""
.................................................................................................................................................................. XUE Yue K,\NC Hdl bln Y,\NC Hdng el Cll.

MIN Wen-hao, WANG Chun-h, ANG Li-wei, et al.
eat-Summer Maize Field in Guanzhong Plain ++++++++-+--

WAN Xiao-nan, ZHAO Ke-yue, WU Xiong-wei, et al. ( 569 )



