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Health Rlsk Assessment and Envnrﬂnm'ental Benchmark of Cadmlum in Farmland Sotls
around the Gangue Heap of Coal Mlne ‘Chonggqing ./ | ; .
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MAJi¢' - | SHE Ze-lei® WANG Sheng-lan' T IP'ENG Lll’z"l SUN Jing"?, LIU Ping' -, XU Minl’2
(L. Chﬁngqln'g Ecological ar 1 Environmental Monitorinlg Center, Chongqmg 401147 China; 2. Rural Ecology and 5011 Monitoring Fechnology Research Center, Chongqing
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Abstract; To analvze the health risk assessment and environmental benchmark of cadmium in farmland soils surrounding the gangue heap of a coal mine in Chongqing,
Hakanson,, the ecological risk index and health risk assessment were used. Meanwhile, the soil environmental reference value of the regional cultivated land was inverted based
on the species sensitive distribution model (SSD). The results showed that the dryland soil was polluted by Cd, with an over-standard rate of 55. 8%, and the paddy field soil
was polluted by Cd, with an over-standard rate of 31.6%. The corn was polluted by Cd, with an over-standard rate of 4. 4%, and the rice was not polluted by Cd. The
Hakanson ecological risk index showed that Cd was mainly characterized in soils by high ecological risk and considerable ecological risk. The health risk assessment indicated
that Cd presented low non-carcinogenic risk by comn and rice; however, it showed acceptable carcinogenic risk by comn and unacceptable carcinogenic risk by rice in this
study. The sensitivity analysis of health risks showed that the content of Cd was the most sensitive. The SSD inversion showed that the reference values for Cd in dryland soil
of pH<S5.5, 5.5 <pH<6.5, 6.5 <pH<7.5, and pH >7. 5 had HC, values of 0. 491, 0.382, 0.376, and 0. 588 mg-kg ™", respectively, and that for Cd in paddy soil
had an HC, value of 0. 807 mg+kg ™'. The reverse analysis showed that the HC, of Cd in dryland soil (pH<7.5) and paddy soil was relatively relaxed and was higher than
the soil risk screening values, which showed that the current standard was relatively loose. However, the HC of Cd in dryland soil (pH>7.5) was lower than the soil risk
screening values, which showed that the current standard was relatively strict. It is suggested that the current soil standard could be adjusted in this area.

Key words:: gangue heap of coal mine; soil; cadmium(Cd) ; species sensitivity distributions( SSD) ; corn; rice
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Table 2 Calculation parameters and values used in health risk assessment model based on Monte Carlo simulation
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0.52 mg-kg 7' Mﬁra/ﬁ{%ﬁ(varlable coefflqi’ent CV)
*E, q:l{ﬁﬂﬂdﬂitﬁ CV 735124 0. 54 70, 49 I
T SRR AR (0. 1<CV<1) e iﬁfvﬁq:ﬂﬁﬂhkﬁfl.
i%CdaiﬁﬁXﬁfl%%ﬁAﬁI% G K
AT R ECGB 15618-2018 ) AL (1 2)
R 49 Gl R X SRR R O R S 63 A4S, o
;&E‘J 55. 8%, H:rp pH<5.5 AYFES,
HBFRR N 40.0%, 5.5 < pH<6.5 HIFEM AR RN
77.8%, 6.5 <pH<7.5 AR ZHN 80. 6%, pH
>7.5 BIRENERAR R A 22.2% . K 8 cd & &
DRSS 05 8 (L B9 FE A 6 A, o5 7K FRE A B0
31.6%, H:ip pH<5.5 E’Jﬁuui’iﬁiﬁzs 0%, 5.5
<pH<6.5 MYFE M HFRHEH 50. 0%, 6.5 <pH<T7.5
FIRE S AR 2R 50. 0%, pH > 7.5 BYFE S 4 K
P, ik B 52 b R K A i AR 1 3 Cd O AR
R, HE PO R SEA L (8 2) |, S HRTK

M1 Cd S E¥m T L Cd 5l Ul 2 i
2.1 +iHEcd é‘%&ﬁ??&%ﬁ KH 48 Cd AA7E B B R S CWF 9T A0 L (3R
PRI R A e 38 cd ST B mE3 pix. 5 3), mERES X AN EECdE &2 E B & T
£3 tiECIEESRITER
Table 3  Statistical characteristics of Cd in soil
. fe/MA I KMH A brifEZE s " .
CERES /mg-kg ™! /mg-kg~ /mg-kg ! /mg-kg ! RFRH ik
T R i+ (n=113) 0.12 1.36 0.47 0.25 0.54 e
EFRBH IR KA (n=19) 0.18 1.07 0.52 0.25 0.49 AR
R AL X AR -3 (n =71) 0.06 0.58 0.26 0.11 0.43 [51]
FHPRESVLIX AR F b -3 (n = 118) 0.09 11.4 0.34 1.05 3.05 [52]
RV E AR 1 (n =44) 0.16 0.46 0.28 0.71 0.26 [53]
SR IX (FEPRB) AR FH L+ 58 (n =276) 0.06 0.73 0.25 0.14 0.54 [54]
FHPIKNNET X+ (n =8) 1.91 4.44 2.97 0.91 0.31 [55]
PR X831 3 (n =27) 0.05 8.91 0.98 1.64 1. 67 [56]
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Fig. 2 Statistical characteristics of Cd in soil with different pH conditions
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PG %5 185 04 T 42 JB T 2 X b SRR BE R Y
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25 EAIEI 3 e B 3 C VP I ﬁ'ﬁ
F B (£, /320> i 6.2%, %ﬁ%;{.(lmq«:
<320>;5tt37 2%, et ﬁi(sogE 3160)
HTE 46509 R 25 15 (40 << 80) .Ett
108 1 I I HE CAF A o 1 A S (B>
320) i S 1 HLS. 3%, mélzﬁfli(16o<f5-<
320) 1 36. 8%, Bk A fEE (80 <E, < 160)
dil47.4%, hAEASEE (4J0<E <80) ik
10.5% . 25 b, S K H PPN 45 R A —
LB EAESGEE(SO<SE, <160) Flfm A4 516 %
(160<E, <320) F . AWF5E £ Cd B9iGEHERMIT
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Fig. 3 Ecological risk assessment results of Cd in soil

])7({75 fHﬂE

JREAT LR A 7= A Cd SR anER 4 s, Bk
KA @ (Cd) ${E 54 0.021 mg-kg ™' Al 0. 026
NCV RE, 2K CV o 164, )8 FimAs
(CV>1); KR CV HO0.71,J8 TR (0.1 ~
1), Ut oK Cd Fr2s Sy i . 53 7R
FRUE(GB 2762-2022) AHEL, E oK Cd & & MAR A FR
i 5 A, RO S BB 4. 4%, JKFE Cd 5
PR bR. 5 PA AT L (R 4) IR 1L 4
FORFIKAT Cd MR ZAL FARXT EARIK -

mg-kg

R4 R CdEELITERY

Table 4  Statistical characteristics of Cd in corn and rice

/ME EIN ]

P

bR o P
=z

TIX R /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ™! E i /% Sk
WML E  ER(n=113) 0.002 0.263 0.021 0.035 1.64 4.4 KB
KFE(n=19) 0.003 0.067 0.026 0.019 0.71 0
BRI FK(n=64) 0.003 0.258 0.033 0.053 1.61 9.4 (58]
KHE(n=63) 0.005 0.246 0.037 0.051 1.38 4.8

VTR SR X FK(n=32) 0.006 0.202 0.058 0.051 0.88 15.6 [59]
IKFE(n =45) 0.004 1.38 0.202 0.339 1.68 20

TR X FEH(n=12) 0.005 0.017 0.012 0.015 1.29 0 [60]
KFE(n=25) 0.002 0.365 0.060 0.106 1.77 8

1) S B(E S22 EEARE 55 IR (GB 2762-2022) , K FI/KFG Cd AR5 514 0.1 mg-kg "' A1 0. 2 mg-kg ™"
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AT N AR AT LR 3 B oK FK g4 A Cd

(R0 XU AR BCAN R 5 TR B TR A Cd BUiE
KUK 48 %0 (CR) KT 1.00 x 10°° (9 & 7 o
31.9%, ¥IE K 1.46 x 10°°, VLB & H T K AF7E AT
fiif 3% B KBS ; B KRR A Cd 250 KRS 48 21
(CR) KT 10 {7 o kb 84. 2%, H{H A 2. 76 x
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Fig. 5 Probability distribution for carcinogenic health risk indices in corn and rice
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e, FLAURRE R I M8, W) 7R 5 U 25 S IR AR 5O
VI EORFK R Cd 5 6 J2 5w fdt e XU 7K 1) 3=
B ER A F KRR A 8 A 2 AR E P> S 8
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AR S fe R IS ) O B PR -, 2395 R B =2
Wi W EEE | RN S E B AR W
I R LR i SRR S R Cd RS S
PITE 2T R 1S YL B it AR 77 i & 4 )
SR,
2.4 4 Cd AEEFAEE T

SSD #iR— £ FE log-normal | log-logistic , Burr
I, Weibull Fl Gamma 5% FH 43 1ii # 2 43 1ii pR %L

LELOO RBIFGE BE L log-logistic 43 7 1 LI 4 T >k
KRG Cd BURAE 541 (SSD) Mk, tiEl 6 .
SSD Mk 484 R 75 0. 979 ~0. 989, 4 4L 5,
UL RIZE ST 5 AT 9T B, s 86 P 67 F SSD
M2k Lot , Dd AR 7= i %o T 4 0 W G A R iR
55, SRR, R Z ARER 0 B L i R AE
ANA) + 48 pH X 8] Cd & FERAEAAAE —E 25 5, Hir
4% pH<5.5 A1 5.5 <pH<6.5 If, {1k I3 s
B UL E AR Cd B )RR, U R R
6.5 <pH<7.5 Fl pH >7.5 W}, i<k b sifii £,
VLI B Cd RB 14055, FUBME R AIL. X5 E A 5%
BIZE SRR —F, N 4 i e b IR R 2
Gy T B ) OH ™ s 2 FRAIK Cd> T iy Tk, il
NG PAANE Y M B ST KRG S,
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0.588 mg-kg ™', /KMt Cd HIPREEILUE(E K 0. 807
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Fig. 6 Species sensitivity distributions(SSD) of Cd in corn and rice
#*5 ET log-logistic A TR A M+ Cd FEBEAELIS/mg-ke ™'
Table 5 Environmental benchmark of Cd in farmland soils based on log-logistic model/mg-kg ="
A b A5 i +4 pH log-logistic ALY FL{E ( HC ) GB 15618-2018 KU i e A
pH<5.5 0. 491 0.3
<6. ) )
gy Tk 5.5<pH=<6.5 0.382 0.3
6.5 <pH<7.5 0.376 0.3
pH>7.5 0. 588 0.6
KH KA AL 7 X 18] 0. 807 0.3~0.8
3 TAFSE, R AUK H L3 o (Cd) BME 5518 0. 47
ZATe

o
=)

=1

(1) T POBERT LI A M - 38 Cd 5 f

mg-kg_l 1 0.52 mg-kg_l. 5347 + 5 b U (GB
15618-2018 ) AH Lt , Sib + 35 Cd 5 Ha 1 JXURS: 7 1 1
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0. 807 mg-kg ™", 7K FH - A0 52 4t + 8% pH <7, 5 B,

17 LIEFRIE (GB 15618- 2018)1=E1‘Xﬂﬁfz; yﬂﬁi

i;g pH >7.5 I, AT AT E (GB 15618 1&,)1:3
oF A i @%E:tﬁ%%uizfﬁm Cd 95 R
SRS (P 0 1 8 Aol
é}%iﬁk ' N B

[1 ]“’ Wa}‘ng] ‘Wei Z Y, Wang Q B. Evalualmg the eco- er}vlronmqnt
| benefit of la"rllld réclamation in the dump of air opencast coal mine”
[J1! Chemistryand Ecology, 2017, 33(7) : 607-624.

[ 2] Namaghi H H, Li S. Acid-generating and leaching potential of
soils in a coal waste rock pile in northeastern China[ J]. Soil and
Sediment Contamination; An International Journal, 2016, 25
(7): 776-791.
LiJY, Wang ] M. Comprehensive utilization and environmental
risks of coal gangue: a review [ J ]. Journal of Cleaner
Production, 2019, 239, doi: 10. 1016/j. jelepro. 2019. 117946.
JA¥AE, &0, JHsEse, 4. pH ﬁXﬂﬂi P RT £ Bl 0 B 4
JERHORARE AT 1], H A HIREIAAR, 2022, 22(5) -
2752-2758.
Zhou X H, ShuY, Zhou L L, et al. Study on effects of pH value
on alkalinity and heavy metal release of alkaline coal gangue[J].
Journal of Safety and Environment, 2022, 22(5) ; 2752-2758.
Ge H, Feng Y, Li Y, et al. Heavy metal pollution diagnosis and
ecological risk assessment of the surrounding soils of coal waste
International

2016, 30

pile at Naluo coal mine, Liupanshui, Guizhou[ J].
Journal of Mining, Reclamation and Environment,
(4):312-318.

Stracher G B, Taylor T P. Coal fires burning out of control
environmental

around the world: thermodynamic recipe for

catastrophe[ J]. International Journal of Coal Geology, 2004, 59
(1-2):7-17.

Rodriguez R, Diaz M B, Vigil H, et al. Development of a user-
friendly method to assess the present condition of old abandoned
mining waste dumps in Asturias ( Spain) [ J]. International

Journal of Mining, Reclamation and Environment, 2011, 25

[8]

[14]

[15]

[16]

[17]

(1):6-31.
WuQ M, Ho W Y, Wang H F,

ecological risk and sources of heavy metals in soils from a typical

et al. Spatial distribution,
economic development area, Southeastern China[J]. Science of
the Total Environment, 2021, 780, doi; 10. 1016/j. scitotenv.
2021. 146557.

Fei X F, Christakos G, Xiao R,

mapping and pollution source apportionment in Shanghai City

et al. Improved heavy metal

soils using auxiliary information [ J]. Science of the Total
Environment, 2019, 661 168-177.
QinGW, NuZD, YaID,

et al. Soil heavy metal pollution

and food safety in China: effects, sources and removing
technology [ J ]. Chemosphere, 2021, 267, doi: 10. 1016/j.
chemosphere. 2020. 129205.

LKJ, Gu YS, Li M Z, et al. Spatial analysis, source

identification and risk assessment of heavy metals in a coal mining
area in Henan, Central China[J].
& Biodegradation, 2018, 128 148-154.

Jiang X, Lu W X, Zhao H Q, et al. Potential ecul(_)gical risk
assessment and prediction of soil heavy-metal, pol-llff.i-on avound
coal gangue-dump [/J]. Natural Hazards and _,_Eﬁl;‘d’l System
Sciences, 2014, 14(6) 1599-1610. f -
Alekseenko V. A Bech Ji, Alekseenko A V, et al Enz}mnmental
impact of! disposal of coall mining wastes on ghils gl‘fd plants in
Rostov Oblast Russwf[]].
2018, 184 261-270; F

m) %, thit, . ML A Eﬂﬁﬁéé
T g %7 L) e R 4, 2027, )
(4): 91-96. /! 4
Ma J5 Zhang X, Xu M, |et al. Analysis of heavy nietal pollutlon

International Biodeterioration

Journal of Geochdmical Explorat}e'n,

and health risk in farmland soils and corn around the ganguejheap
[J]. Quality and Safety of Agro-Products, 2022, (4): 91-96.
EXM, AL, KR, % Zn, Pb, Cd, Cu TEHERTHTHE

O R L LR - A A AE ). o 7 £
AR, 2012, 42(1) ; 17-25.
Wang X M, Dong Z B, Liu G J, et al. Distribution

Pb, Cd,
Xinzhuangzi Coal Mine waste rock pile[ J]. Journal of University
of Science and Technology of China, 2012, 42(1) . 17-25.
LA, XU, XUART, A PR LR 0 A T b+ e
S 15 YT A A R IR AT (D], FRIERLAE, 2022, 43
(12) : 5698-5709.

Ma J, Liu P, LiuJ Z, et al. Pollution evaluation and quantitative

characteristics of Zn, Cu in soil and crops around

traceability analysis of heavy metals in farmland soils around the
gangue heap of a coal mine in Chongging[ J]. Environmental
S(lence 2022, 43(12) 5698 5709.

A, WEAS, KM, 4F. 3T APCS-MLR #l PMF T4
l%ﬂll.lﬁ]ﬂlﬁiﬂlj:iﬁﬁi E{H JERRIE AR [ D], FRBER)
2%, 2023, 44(4) : 2192-2203.

Ma J, Shen Z J, Zhang P P, et al. Pollution characteristics and
source apportionment of heavy metals in farmland soils around the
gangue heap of coal mine based on APCS-MLR and PMF receptor
model[ J|. Environmental Science, 2023 44(4) 2192-2203.

ﬁﬁﬁiﬁ HIRASAE R ERE R 20 )]. TEEK

IR, 2022, 58(9) 314-320.

FEE, Wi, sk T BE TR E R
Pb, Cd il As 53¢ ﬂﬁ’"ﬁ TR ].
(4) . 2252-2264.
Wang R, Chen N,

analysis of Pb, Cd, and as in soils and crops under different land

F B L3 J R AEW)
WBERL 2023, 44

Zhang E X. Pollution risk and contribution

use types in Longyan city[ J]. Environmental Science, 2023, 44



5272 7S i) s % 44 3%
(4):2252-2264. [J]. Research of Environmental Sciences, 2021, 34(2) . 409-

[20] X, 8046, KM, 55 SEVLE R HF 4 d B XU 1T 418.

W RABEHENEL )], BREERL, 2023, 44(6) : 3531-3543. [30] SR, wAMeRy, SR, S 30T R AL B AR e R
Liu H, Wei W, Song Y, et al. Health risk assessment and [J]. EwH ", 2012, 21(4) ; 25-28.

environmental benchmark of heavy metals in cultivated land in Guo L J, Hu H Y, Hu K, et al. The selection of transition
Wanjiang economic zone[ J]. Environmental Science, 2023, 44 direction on economic development for mining city, Nanchuan
(6):3531-3543. [J]. China Mining Magazine, 2012, 21(4) ; 25-28.

[21] @B, B, HAE, 5 B0l Kb 4w [(31] SRDTEE. T BE I f 3 R W R R A BF R [ D ]
MBS KRS HEEL )] FRBERLY:, 2022, 43(7) : 3799- K. ERK, 2008.

3810. Liu S G. Research on the development and management of
Xu M Q, Yang W T, Yang L Y, et al. Health risk assessment Chinese coal resourcel based on the institutional innovation[ D ].
and environmental benchmark of heavy metals in cultivated land Chongqing Chongqing University, 2008.

in mountainous area of northwest Guizhou Province [ J ]. [32] 57, k3, X4, & &EIK Fh%@]XkﬁﬁfﬂJF]lﬂﬁ:ﬂﬁi
Environmental Science, 2022, 43(7) ; 3799-3810. fﬁﬁﬁ)ﬁéﬂ‘ﬁ%?ﬁ S5EEPEM 1], AR R, 2022,

[22] HuB F, Jia X L, Hu J, et al. Assessment of heavy metal 50(13) . 242-249.
pollution and health risks in the soil-plant-human system in the Ma J, Zhang X, Liu J Z, et al. Distribution characteristics and
Yangtze River Delta, China [ J ]. International Journal of pollution assessment of heavy metals in arable soils around coal
Environmental Research and Public Health, 2017, 14(9) , doi: gangue mountain in a mining area in Chongqing City[ J]. Jiangsu
10.3390/ijerph14091042. Agricultural Sciences, 2022, 50(13) ; 242-249. -

[23] Ginsberg G L, Belleggia G. Use of Monte Carlo analysis in a [33] ZFHEIK, ®isX%, %% %, EHEI%U‘EEE&M@*%@E&HZ
risk-based prioritization of toxic constituents in house dust[J]. FiERIR L)), S S EEE, 2015, 43(2'_),4_"':]“
Environment International, 2017, 109 101-113. LiHL, Cao Y X Qin Y, et al. Geological colfltrul‘.‘ﬂictﬁrs and

[24] Karami M A, Fakhri Y, Rezania S, et al. Non—ca.p(ii‘négenic (‘haraoterlstlcs of gas noounenmﬁ in Chongqing c@'al f}nmg area
health risk assessment due to fluoride exposure from tea [J]. Coal Geology & hxploratlon 2015, 43(2) ;37 12,
consumption in Iran using Monte Caﬂlo simula“'l..ion [J]. [34] lgff}j(ﬂﬁ *I%L? St G R X - B A 2 ‘?'DTJW
International Jnurnal of Env1r0nmf-ntal Research |and. Public™, fﬁ?‘f({qﬁﬁjt[ﬂ k%?)%ﬁﬂ\l, 2019, 38(4) . 78-80. 2

~Health, 2019 16(2L) doi: 10. 3390/1]erphl6214'261 ¥ .l‘.‘,“-r"_d Xie M’ Cheng L J L1u “H, et al. Coalbed methane 1oglj

[25) fags, xi E BB, TR R % ?ﬁﬂ@i m % evdluallon " method of meﬂlum high rank coal in south"érn

- élﬂ]ﬁﬁﬁﬂﬁﬂf“‘ﬂﬁ"ﬁ—ﬁr[ﬂ Eﬁ'ﬁzjﬁﬁﬁ% f’j‘:ﬂ? Chnngq,l‘ngLJJ. Coal Technology, 2019, 38(4) : 78 80. &
H) . 2025, 44(H) : 146-157. | [35] U b, LR | et < B MR
#He X, |Liu K, “Tu Y G. Study on sa.fety threbhi)ld and *’A?ﬁff[z%ﬂﬁﬂ[]] FERE, 2014, 23(3) : 66-71. .“'“"J
anm)nmental rigk” assessment of soil heavy metal baised (m crop Gu G ,+Liang Hc, Wang A G, et al. The research of ecological
’ ennchmeht ﬁ.lactor[ 1. [ Journal of Southwest Umverqlﬁ (Nammj,.f compensation in Chongging coal mining area: a case study of
S(lence Edmon) 2022 44(8) ; 146-157"" = Songzao mining area [ J]. China Mining Magazine, 2014, 23
[26] ﬂiﬁfb, wAY, kL, 4. r@#¥m$aﬁﬂi%@l4t'ﬁ (3): 66-71.
ST KU IO R BT (], R 7 A2 4, 2019, 50(7) [36] HI962-2018, L3 pH {EAME ML [S].
1466-1471. 371 GB/T 17141-1997, et Ay, MEIIIE £ 850 51 i
ZhuZ ], Yang S S, Yang Z Z, et al. Risk assessment of soil 6}7“67“6&”%[5] .
acidification and cadmium pollution in paddy field of Guiping, [38] GB5009.268-2016, &% EEhrE EMmHPZLEIN
Guangxi[ J]. Journal of Southern Agriculture, 2019, 50 (7). E[S].
1466-1471. [39] Hakanson L. An ecological risk index for aquatic pollution

[27] , XUBSHE, BEHE, % WMAET X D98 ELet control. a sedimentological approach[ J]. Water Research, 1980,
F‘B’Jj:fa% AR B T]. Al SR RL 22 4R, 2021, 40 14(8) : 975-1001.

(2): 355-363. [40] BGAR, 200, RN, A RVLG L R G R TS by
Wang X L, Liu H'Y, Zhou X Y, et al. Risk threshold for soil TE BTN L [ 1], AL FRER 4R, 2022, 41(3) ;
cadmium, based on potato quality in a high geological background 504-515.

areal J|. Journal of Agro-Environment Science, 2021, 40(2) Huang Z W, Li W J, Li W J, et al. Evaluation of heavy metal
355-363. pollution characteristics and the potential risks of soil in the

[28] Z=Bhzz, FRWAME, 5K, 4%, If FH 4 Fh S0E o3 A 02 ST T 1 Dongjiang River basin [ J ]. Journal of Agro-Environment
AR PHEAET T [ J]. SRR, 2021, 16 Science, 2022, 41(3) : 504-515.

(1):107-118. (417 SR, SKTIM, BJE, 4F. WUR PR L A 2 S BE R IT
Li X Z, Zheng L. P, Zhang Y, et al. Derivation of ecological [J]. LM EEREA2A4, 2022, 41(10) ; 2190-2199.
safety based soil quality criteria for lead by species sensitivity Han D J, Zhang N M, Zhao L, et al. Safe threshold value of lead
distribution[ J]. Asian Journal of Ecotoxicology, 2021, 16(1): in cultivated land soil in eastern Yunnan, China[ J]. Journal of
107-118. Agro-Environment Science, 2022, 41(10) : 2190-2199.

[29] ®hZRER, ®E, KT, 25 SSD ¥k X VO g ik R &k i 1 i X [42] Li SY, Jia Z M. Heavy metals in soils from a representative
FEH e s e s TR 5T [ 1], IR IF5T, 2021, rapidly developing megacity ( SW China ) levels, source
34(2): 409-418. identification and apportionment [ J]. CATENA, 2018, 163.
Han D J, Zhao L, Zhang N M, et al. Classification of Cd 414-423.
contaminated paddy soils in carbonate parent material area of [43] WB, ToloR, T35, 5. FETNET XARH - TR R

southwest China by species sensitivity distribution method (SSD)

GEGBIGRMBPEN 1], AL BTIRS BT 4, 2018,



9 ThHZANAS ;. T PCTITBEAT LR 00 R 7™ it 5 R XU VA B - PRI S (i 4 5273
35(2) . 161-166. [53] 53, aal, hEA. BT E A b+ g1 $‘$E%§
Chen L, Wang K R, Wang F L, et al. Risk assessment of heavy PRGN SR AEAT [ 1], SO K222 ( B 2R Rl 2
metal pollution in the agricultural soil-maize system of a gold fZ), 2022, 40(1) : 13-16, 23.
mining area in Pingdu city, China[J]. Journal of Agricultural LuJ W, Yang Z L, Yao Y X. Source analysis and environmental
Resources and Environment, 2018, 35(2) ; 161-166. quality assessment of heavy metals in soil in agricultural area of

[44] USEPA. Exposure factors handbook 2011 edition ( Final Report) Dianjiang County [ J]. Journal of Guizhou Normal University
[R]. Washington, DC; National Center for Environmental (Natural Sciences) , 2022, 40(1); 13-16, 23.

Assessment, 2011. [54] XGEFE, 2%, M, & ZWEXREH RS EIE Y

[45] Chen G Z, Wang X M, Wang R W, et al. Health risk FRE RS [T]. R, 2023, 44(6) : 3520-3530.
assessment of potentially harmful elements in subsidence water LiuY J, Li C X, Mei N, et al. Characteristics and risk
bodies using a Monte Carlo approach: an example from the evaluation of heavy metal contamination in paddy soils in the
Huainan coal mining area, China [ J]. Ecotoxicology and Three Gorges reservoir area[ J ]. Environmental Science, 2023,
Environmental Safety, 2019, 171 737-745. 44(6) : 3520-3530.

[46] FEEORYER. PEAMRESETFM (AL [M]. dL: [55] ATHuds, JA@RAN, Y5k, 55 vy e X o 4 Jm s
EFRET L RRAL, 2013, R SRR I [ )], MTTAOA# 41, 2021, 52(7) : 1905-
Ministry of Environmental Protection. Exposure factors handbook 1911.
of Chinese population ( adults ) [ M ]. Beijing: China Ren Y X, Zhou J J, Bi J, et al. Pollution degree and
Environmental Science Press, 2013. characteristics of heavy metals in soil of a coal mine area in

(477 223G, fharlk, SRk, 25 FEMm TR E X Ei+ western Chongqing[ J]. Journal of Southern Agriculture_*.ZOZI s
e 3R T PR BB R IURTAN (1], IR R A 4R 52(7): 1905-1911.

B2, 2022, 45(5) ; 108-116. [56] JaJI, X flémkﬁ B I WTWWE:!:Q&E
An W C, Sun LE, Ma L K, et al. Assessment of heavy metals EA AT ,UJXL »»/ﬂ:’fj’i’[ﬂ ‘:Pl_llkiﬁé% 2018 (5)7 27-
and human health risk in surface soils in a legacy land Q{f.-t'ypical 29. io—
industrial agglomeration area[ J]. Journal of Natural Science of Zhou C, Lll.ls‘D Zheng J IB et al. Evaluatiop“on e};f)loglca] rlsk
Hunan Normal University, 2022, 45(5) :(108-116. ! of soil pollullon by ‘heavy metals of the downstreant affe(.ted _g-rea
(48] IMBL, FImesT, B;{:[SH , 5. Ikiﬁﬁ%ﬁﬂ%fﬁ%;ﬁﬁ,ﬂﬁ , of (‘oal InlIlP in’ hlﬂy frea[,” Soil and Water" Conservation in
AR L HOE SRR )], BREEAR EI%E 2021 3T Chinal, 2018, (8); 27-29. & ’
" (16): 6937-69.) S Ir [57] 9&% £ feaE, xgh T fEﬁﬁEﬁ?ﬂ%i%ﬁ%
Sun R, Zh‘gu"X Fiy ‘Chen Y, et al. Pgsitive definite piatriy factor 43“@5&55 NIKJJT #rlI]. U% 2021, 28 (4 )"'
| madel andlysis ‘of|the source of heavy metals'in coa] mine 501Js in 238-249. f te
/the Ordos Plateau [ J ]. Science Technology dl’ld Eng,d‘leermg, Zhang S 'R Wang C Y, LiuJ H, et al. Assessments of‘ﬁeavy
- 202L 21(16) £6937-6943. | metal pollution’in soils of the southwestern Xiong’an District and
49] Hﬁ# B¢ RBH ) PTASERSL JE - B AN % [ﬁﬁBE/fF :ﬁ— % _ﬂ,f its ecological risk[ J]. Earth Science Frontiers, 2021, 28(4) .
| B A K T 238249,
Al THE4.72019, 35(9) ; 185-192. [58] ZARME, XUEA, XA, S5 FRICHX {7 ORFIE K
Tmin B, Abliz A, Shi Q D, et al. Pollution and source TR 4 e BB R KBS RN [ 0], IR ARl R 2244 ( B AR BE
identification of heavy metals in surrounding soils of Eastern 2R, 2021, 47(6) ; 677-683.
Junggar Coalfield based on PMF model[ J]. Transactions of the Yuan Y Y, Liu S L, Liu Y L, et al. The heavy metal content
Chinese Society of Agricultural Engineering, 2019, 35(9) . 185- characteristic and human health risk assessment of rice and corn
192. in Jiangjin District, Chongging [ J ]. Journal of Hunan

[50] Z=Z%, Wbk, MK, % N aRduEs mibk m + Agricultural University ( Natural Sciences) , 2021, 47(6) : 677-
ETE IR TS Qe BORIAT (1], BRI R 4R 683.

2021, 48(4) : 641-647. [59] &K, k3L, U, &5 FPORE X B AR
LiJY, Chen YT, An Y F, et al. Soil heavy metal pollution i%%{%%%()’ﬂ&@%ﬂwﬁﬂjfﬁ[ﬂ ﬂ:ﬁ’ﬂﬂ’_‘f’, 2022, 41
evaluation and sources analysis in the surrounding farmland of (2):536-548.

Guobei Coal Mine[ J]. Journal of Anhui Agricultural University, Yu F, Zhang Y W, Yan M S, et al. Heavy metal pollution and
2021, 48(4) . 641-647. human health risks assessment of soil and crops near the mercury

[51] Z=/har, XUIESE, #leh. Wb X RN H el 48 15 Y Ak ore in Chongqing[ J]. Environmental Chemistry, 2022, 41(2) :
BRBAEN [T]. LRORZF =M (ARB ) , 2022, 46 536-548.

(4) : 94-101. [60] SkWGE, BIEL, BREifh, % W&RMbER TS XL Tk
LiX H, LiuZ S, Xu L J. Assessment of heavy metal pollution X AR A 4 I fe B IR, B ¢ —— DA T BR T 332 IX AR R
and ecological risks of rural soils in Yubei District[ J]. Journal of WRTEX B[ T]. HBRE IR, 2017, 45(5) : 567-575.

Anhui University ( Natural Science Edition) , 2022, 46(4) ; 94- Zhang ¥ L, Zheng X Y, Chen Q W, et al. Health risk
101. assessment of heavy metals in crops from geological background of

[52] skfede, E4p45, X171, . T APCS-MLR 32 1447 Fl 1 high heavy metals and industrial suburb taking a modern
AR X B A i+ B A SR SR VR AT [ 1], R} agricultural demonstration zone of Liangping county as an example
24,2023, 44(6) ;: 3500-3508. [J]. Earth and Environment, 2017, 45(5) : 567-575.

Zhang C H, Wang Z S, Liu L, et al. Source analysis of soil [61] 7l vbl, 2B, LT 528K B ALY A F 1 1 e e

heavy metals in agricultural land around the mining area based on
APCS-MLR receptor model and geostatistical method [ J ].
Environmental Science, 2023, 44(6) : 3500-3508.

REATAN[T]. FBETR, 2021, 39(2) ; 147-152.
Fang Q, Xian P, Meng 7 C. Environmental health risk

assessment model of agricultural land based on Monte Carlo



5274

w5

=2 14 %

[62]

[63]

[64]

simulation and its application[ J]. Environmental Engineering,
2021, 39(2) : 147-152.

MG, BOrAs. LIEOKFERG P RIER SEL)]. EaUK
b R2E2E4, 2022, 45(5) @ 990-1000.

Wang P, Zhao F J. The transfer and control of cadmium in the
soil-rice systems[ J]. Journal of Nanjing Agricultural University,
2022, 45(5) : 990-1000.

MRE, w5, TR, 5 WRDESEAAILTE LY
PSR A BT TS BERE [J]. AEASFRHIAA, 2015, 10
(3):38-49.

Tian D Y, Chang C C, Wang C Z, et al. Review of species
sensitivity distributions for heavy metals and organic contaminants
[J]. Asian Journal of Ecotoxicology, 2015, 10(3) ; 38-49.
NG, Bt S, RSCEL, A5, O IR] i Aok RS XS A 4 i i
HERHE R ABUENE 3 (SSD) [J]. AR, 2014, 47
(12) : 2384-2394.

Sun C, Chen S B, Song W E, e al

characteristics of cadmium by rice cultivars in soils and its species

Accumulation

sensitivity distribution[ J]. Scientia Agricultura Sinica, 2014, 47

[65]

[66]

(12) : 2384-2394.
BT, B, T, & AU R BTG Y 3 E R A
HEG= X R [J]. AEERS:, 2021, 42(12); 5958-
5966.

Guan W D, Guo T, Wang P, et al.

derivation of safe maize-producing threshold of soil Cd content

Investigations on the

and on classification of Cd contaminated maize-producing Areas
in northern China[ J]. Environmental Science, 2021, 42(12) ;
5958-5966.

ZEE, SRTWY, RO, EUAHR R T R DX S o e R U
TR SHEMEL )], T ERERE, 2020, 40(10) : 4522-4530.
Li Y, Zhang N M, Wei F S. A benchmark study on soil health
risks of vegetable fields in a high-cadmium background area in
eastern Yunnan [ J]. China Environmental Science, 2020, 40
(10) . 4522-4530.

Sui F Q, Chang J D, Tang Z, et al. Nramp5 expression and
functionality likely explain higher cadmium uptake in rice than in

wheat and maize[ J]. Plant and Soil, 2018, 433 (1-2): 377-

389. =
-
- o ot
i o =
r | -ﬁ .-'l i
| g i
/ e =
[ ¥ | # .-", 'y
f ! e &
i F _] .!_-"}. L
| ‘,J ) = | - .
y A
= & ¥ s

L



HUANJING KEXUE Vol.44  No.9

Environmental Science (monthly) Sep. 15, 2023

CONTENTS

Pollution Characteristics and Transport contributions of Ambient Ozone and Volatile Organic Compounds in Southern Hebei Cities «+++++++++- ZHAQ Jiang-wei, NIE Sai-sai, YU Yu-jie, et al. (4775)
Temporal and Spatial Distributions of 05 Concentration and Potential Source Area Analysis of Hexi Corridor Based on Satellite and Ground Monitoring «+:+«sssseresseresssnsennmensiniscninnnen
..................................................................................................................................................................... 11 Jin-chao, CAO Chun, FANG Feng, el al. (4785

FU Chuan-ho, DAN Li, TONG Jin-he, et al. (4799
WANG Xiao-wen, LIU Min-xia, WANG Yang, et al. (4809
MING Gui-ying, ZHU Man-ni, SHA Qing-e, et al. (4819
*+ HUANG Yue-run, YANG Wen, WANG Xiu-yan, et al. (4832
SHEN Li-juan, WANG Hong-lei, SUN Jie-juan, et al. (4843
Runoff Simulation and Is Response to Extreme Precipitation in the Yangtze River Basin — «+«vreereereeeserenenenicnienenninicnennn +++ GAO Shuang, TI Chao-pu, TANG Shui-rong, et al. (4853
Water Chemical Isotope Characteristics and Water Transformation Relationship in Mongolian Section of the Yellow River Basin = «+eseeovereee PEI Sen-sen, DUAN Li-min, MIAO Ping, et al. (4863
Hydrochemical Characteristics and Formation Causes of Ground Karst Water Systems in Gudui Spring Catchment «++++++++:+++++ TANG Chun-lei, SHEN Hao-yong, ZHAO Chun-hong, et al. (4874
Source Analysis and Health Risk Assessment of Heavy Metals in the Groundwater of Shijiazhuang, a Typical City in North China Plain - CHEN Hui, ZHAO Xin-yu, CHANG Shuai, et al. (4884
Spatial Distribution, Speciation, and Ecological Risk Assessment of Heavy Metals in Surface Sediments of Dongjiang Lake, Hunan Provinge »«+sseseeeseereresesienieneniinininiiinenn
......................................................................................................................................................... ZHANG Tong-liang, Y1 Lixia, LI
Spectral Characteristics and Source Analysis of Chromophoric Dissolved Organic Matter in Surface Water of Taihu Lake Before Cyanobacterial Blooming
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Yong-giang, LU Shao-yong, HUANG Wei, et al. (4906
Chemical Oxygen Demand(COD) Composition and Contribution in Typical Waters of Baiyangdian Lake LI Qi, ZHANG Chao, ZHANG Wen-giang, et al. (4915

Spatial and Temporal Variations in Ozone Pollution and Sensitivity Characteristics in Hainan Island

Temporal and Spatial Characteristics of Troposphere 05 and Precursors HCHO and NO, in East China

Evolution Characteristics of Atmospheric Formaldehyde Emissions in Guangdong Province from 2006 to 2020

VOCs Emission Level and Emission Reduction Potential of Coating Industry in Zibo -
Pollution Characteristics of Carbonaceous Components in PM,, and PM, 5 of Road Dust Fall and Soil Dust in Xi'an

Source Apportionment and Source-specific Risk of Typical Antibiotics in Baiyangdian Lake SONG Yuan-meng, ZHAO Bo, LU Meng-qi, et al. (4927
»+++ LI Xiao-dong, YANG Qing, LIU Hui-qiu, et al. (4941

)
)
)
)
Analysis on the Current Situation of Phytoplankton in the Typical River- Lake Ecotone of Lake Poyang * YU Xin-ping, CHEN Yu-wei, LIU Jin-fu, et al. (4954)
)
)
)
)

Response of River Ecosystem Health Status to Water Environmental Factors in the Middle Reaches of Yarlung Zangbo River

Phytoplankton Community Structure,, Diversity, and Functional Groups in Urban River Under Different Black and Odorous Levels +««+«++seesee- ZHANG Qi-qi, ZENG Jie, YIN Zhuo, et al. (4965
LI Chang-jie, XU Hai, ZHAN Xu, et al. (4977
Effects of Nitrogen Speciation Transformation on Microbial Community Succession in Input Rivers of Miyun Reservoir XIN Yuan, ZHANG Yao-fang, LI Tian-yu, et al. (4985
Action Mechanism of Bacillus on Microalgae During Nitrogen Metabolism in Urban Tailwater «+-vesseeseesrernsssemennssnininnininiennne ZHAOQ Zhi-rui, MA Chao, YAN Jia-chen, et al. (4996
Nitrogen Removal Characteristics and Metabolism Mechanism of High-Efficiency Cold-Tolerant Heterotrophic Nitrification-Aerobic Denitrification Bacterium Glutamicibacter sp. WSI for
Various Nitrogen Sources at Low Temperature —«+«+««ssesesssssssesnesssrtnnsnntntntss st WEI Bo-hui, LUO Xiao, LU Peng-yi, et al. (5006)
Pollution Characteristics of Macrolide Antibiotics During Drinking Water Treatment and Their Chlorination Reaction Mechanism —+++++++++++-- CEN Xia, CHENG Si-yu, SHI Zong-min, et al. (5017)
Effects of Different Biochar and Effective Microorganism Agent Improvement Approaches on the Nutrient Release Characteristics and Potential of Compost ~*++++*
.................................................................................................................................................................. JIA Pei-yin, WANG Xin, HUA Yu-ting, et al. (
Occurrence Characteristics and Risk Assessment of Microplastics in Water and Sediments of Anhui Section of Huaihe River Basin -+ ZHANG Hai-qiang, GAO Liang-min, GE Juan, et al. (5036
(
(

Influence of Denitrification on Cyanobacterial Blooms Trends in Lake Taihu, China

Distribution, Sources, and Risk Assessment of Microplastics in Surface Sediments of Yellow River Delta Wetland ««+-+svesvesveeeseeees GENG Na, ZHAO Guang-ming, ZHANG Da-hai, et al.
Distribution Characteristics and Risk Assessment of Microplastics in Farmland Soil in Guyuan +«+sseeeseesessssssmsinimiinnes MA Gui, DING Jia-fu, ZHOU Yue, et al.
Distribution Characteristics of Microplastic Surface Bacterial Communities Under Flooded and Non-flooded Conditions in Nanjishan Wetland of Poyang Lake «+:«+«eseereereeerenensenencnennnnens

.................................................................................................................................................................. ZHAO Jun-kai, CHEN Xu, HU Ting-ting, et al. (5063)
Influence of Polystyrene Microplastics on the Formation and Structural Change of Pseudomonas aeruginosa Biofilm +++veeesessesseresesieneniensinnenns TAO Hui, YU Duo, YANG Lan, et al. (5071)

Effects of Polystyrene Microplastics on Growth, Physiology, Biochemistry, and Canopy Temperature Characteristics of Chinese Cabbage Pakchoi ( Brassica chinensis L. )

............................................................................................................................................................ GUO Bing-lin, FENG Chen-chen, CHEN Yue, et al. (5080)
Effects of Combined Stress of Polyethylene and Sulfamethazine on Seed Germination, Seedling Growth, and Physiological Characteristics of Soybean «++ssssereeeserererssnmeneniininennn

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHAO Xiao-giong, ZHANG Heng-hui, ZHAO Run-zhu, et al. (5092)

Transport and Model Calculation of Microplastics Under the Influence of Ionic Type, Strength, and Iron Oxide »««+stsssseesersessensseserenneenee ZHANG Ran, YU Ke-fei, HUANG Lei, et al. (5102)

+++ XU Wen-bin, RAO Liang-yi (5114)

)

)

Impacts of Land Use and Climate Change on Ecosystem Services in Agro-pastoral Ecotone

Response of Organic Carhon Loss to Soil Erosion and Its Drivers: A Meta-analysis LIU Xiao-lan, HUANG Jin-quan, QI Yu-jie, et al. (5125
Effects of Balanced Fertilization and Straw Mulching on Soil Nutrients and Stoichiometry in Purple Soil Slope ++++«+sessesessereeseeeseniens ZHANG Gao-ning, XU Qi-wen, HE Bing-hui, et al. (5135
Characteristics and Dominant Influencing Factors of the Fungal Community Structure in Soils Co-contaminated with Rare Earth Elements and Heavy Metals «+:eoeeorereereeesenensennienennnn
........................................................................................................................................................................ LUO Ying, u Jing'wei, YUAN l.la()Y el al' (
Effects of Annual Crop Rotation and Fallow on Soil AMF Community and Aggregate Stability ~«««»«+esseseereereenesnenne LU Ze-rang, XIA Zi-tai, LU Mei, et al. (
Spatial-temporal Changes and Driving Factors of Soil Microbial Communities in a Typical City of North China Plain - ZHAO Xin-yu, CHEN Hui, CHANG Shuai, et al. (5164
(
(

»+ NIE Yang-mei, BU Lian-yan, CHEN Wen-feng, et al.
+* TANG Le-bin, LI Long, SONG Bo, et al.
ZHOU Hong-yin, LI Jia-qi, BAO Li, et al. (5196

Effect of High-volume Straw Returning and Applying Bacillus on Bacterial Community and Fertility of Desertification Soil

Low Accumulation Characteristics of Sweet-waxy Maize in Ph and Cd Complex Contaminated Soils Based on Field Trials -
Effects of Different Control Measures on Cadmium and Lead Accumulation and Quality in Lettuce

Effects of Nano-copper Oxide on Physiobiochemical Properties of Brassica chinensis L. and Its Heavy Metal Accumulation Under Cadmium Stregs +«+sevesseesesseesmensosnsennssinincninnneee
...................................................................................................................................................... WANG Shi-qi, SUN Yue—hing, HUANG Qing-qing, etal. (5204)
Distribution and Biotoxicity of Endogenous Pollutants in Pennisetum sp. Biochar from Different Polluted Areas ««+:«+s+ssessesesseseeneenenenee LIU Li-ya, CUI Hong-biao, LIU Xiao-sheng, et al. (5214 )
Adsorption Characteristics of Tetracycline by CuFeO,-modified Biochar +++-++ *+ LIU Guo-cheng, ZHANG Xin-wang, XIN Shuai-shuai, et al. (5222)
Ecological Toxic Effect of Perfluorinated Compounds on Fish Based on Meta-analysis -+ LU Hong, ZHOU Jin-yang, YANG Fan, et al. (5231)
Source Analysis and Risk Assessment of Heavy Metals in Soil of County Scale Based on PMF Model = «+«+eeseeeeesersensemsereniennncniens ZHENG Yong-li, WEN Han-hui, CAI Li-mei, et al. )

Potential Source Identification and Ecological Risk Assessment of Heavy Metals in Surface Soil of Heze Oil Peony Planting Area Based on PMF-PCA/APCS and PERI
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHAO Qing-ling, LI Qing-cai, AN Mao-guo, et al. (5253)
Health Risk Assessment and Environmental Benchmark of Cadmium in Farmland Soils around the Gangue Heap of Coal Mine, Chongging ++ MA Jie, SHE Ze-lei, WANG Sheng-lan, et al. (5264)
Pollution Characteristics and Sources of Heavy Metals in Soil of a Typical Pyrite Concentrated Mining Area in Anhui Province ~ ++++++++- JIA Han, LIU Jun-xing, WANG Xiao-guang, et al. (5275)
Distribution Characteristics, Source Analysis and Potential Ecological Risk Assessment of Soil Heavy Metals in Typical River Source Areas of Northeastern Hunan Province  «++++sesseseeeeeees
YANG Zhen-yu, LIAO Chao-lin, ZOU Yan, et al. (
Variation Characteristics of Exogenous Cadmium with Different Contents in Red Soil ZHOU Zi-yang, PANG Rui, SONG Bo (5299
Analysis of Carbon Storage Potential of CO, Foamed Concrete «+v+rreressererrersssrsenmesinnsss st ZHANG Yuan, TA Xu-peng, QIN Shu-bing, et al. (5308
Research on the Screening Method of Priority Pollutants with Integrated Environmental Socio-economic Indicators; Example of E-waste Dismantling ~ +++ CHEN Yuan, CAI Zhen, LI Jin-hui (5316

5288




