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Ecologlcal and Health Risk- Ass’esséents Based on the Tﬁtal Amount and Spec1at10n of
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Abstract; Topsoil and supporting crop samples around a mining area were collected in Longyan City, and the total amounts and speciation of Ph, Cd, and As in the samples
were determined. The ecological risk and human health risk assessment of soil heavy metals Pb, Cd, and As were carried out using the Hakanson potential ecological risk
assessment method, the ecological risk classification method based on the principle of geochemical statistics, and the health risk assessment method in accordance with the
characteristics of human exposure parameters in China. The results indicated that the heavy metal elements in the soil in the study area exceeded the environmental quality
standards for Pb and Cd, and the heavy metal contents in cereal grains exceeded the food limit value mainly for Pb. The proportion of the four bioavailable forms except the
residue state followed the order of Pb > Cd > As. The ecological risk assessment results based on the total amount of heavy metals and bioavailable forms showed that Cd was the
most important ecological risk factor. The single potential ecological risk of Cd and the comprehensive ecological risk of Pb, Cd, and As in the soil based on bioavailable forms
were significantly reduced compared with that based on the total amount. The proportion of medium and superior samples decreased from 100% and 50. 0% to 17.2% and
7.81%, respectively, and the divided risk zone basically contained all the warning points of exceeding the standard of crops. Oral ingestion was the main carcinogenic and
non-carcinogenic exposure route of heavy metals. In terms of carcinogenic risk, the risk of human carcinogenic health exposure to Cd and As was within the acceptable range
regardless of whether bioavailability was considered. Among the non-carcinogenic risks, the non-carcinogenic risk of the heavy metal Cd was negligible. When only the total
amount of heavy metals was considered, the non-carcinogenic risk index of Pb and As under the three exposure pathways ranged from 0. 14 to 8. 65 and from 0. 04 to 2. 85,
respectively. After considering the adjustment of bioavailability, the non-carcinogenic risk of As was greatly reduced and could be considered to no longer have non-
carcinogenic risk. Although the non-carcinogenic exposure risk index of Ph was reduced by 84.7%, the maximum value still reached 1.69, which would cause non-
carcinogenic harm to the population and was the key to soil remediation in mining areas.

Key words: soil; heavy metal; mining areas; ecological risk; health risk
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Table 3 Health risk parameters of heavy metals in soil
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Table 5 Contents of Pb, Cd, As, and their statistical results in surface soil and crop samples
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Table 6  Statistical analysis of the speciation distribution of heavy metals Pb, Cd, and As in surface soil
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Table 7 Regression analysis of crop uptake
of the heavy metals Pb, Cd, and As in soil
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Table 8  Proportion of samples with different ecological risk levels based on the total amounts

and speciation of heavy metals Pb,

Cd, and As in surface soil/%
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As 98.4 90. 6 1.56 7.81 0 1.56 0 0 0 0 46.9 31.3 6.25 10.9  4.69
ZEA 50.0 89.1 39.1 10.9 9.38 0 1. 56 0 — — 64.1 28.1 0 0 7.81

1)RV1 F1 RV2 £/ 5 B, 50 Sk I8 SCiik[ 38,39 ]

# 8 N, F T Hakanson W5 7E A= 25 XU PE MY
WM DIE S T R DY R o SRR, R 2
THEFELEITEK Pb, Cd F1 As V3 E (B (PRI TE
A SR EL) 1R/ INIFAR K R - Cd (153.8) > Pb
(24.2) >As(8.94).Pb, Cd Fl As [y2E A KUK M 5%
TN BVREARI b7 B REAS B L1 242 90. 6% . O
F198. 4%, H1 48 K DL b GO A A Lo a2
9.37% ., 100% F1 1. 56% . 4 LA g 2% 5t ) BT 5%
iR R S EAE I S RN, BRI T
Cd (9735 B {H (33-0) FEAR T 78. 5% , £ 45 RUFH-
qﬂ%&bji%ﬁ%dé’]*ﬂiﬁtb(zl 9%)&/1*"]’#’3
78/1% JfH Cd. ﬁéﬁﬁi’a E {E45% T Pb ﬂ! As/(19 2
15. 3)9'31 72512 16 EP%?&ULJ@;UE*HT&
FEARI LT P AT As (39099, 3706 )42, 3404 2
W] Gd mmf%ﬁﬁi*ﬂf&l? MERA _&E*ﬂ[&
Hebi e BRI SHE A R A5 S R 0L E9e
ﬁﬂﬂﬁ#'ﬂ?éﬁzé}ﬂﬂéﬁ i RE 5 RRAY 50. 0% F110. 9%,

PRI T 4 T 5 HIE IR 1 B S 2 3, 4 B 7 AR
TRRAE A 25 R S B AR B AR PR AI.

T AWl RS A SIS TR Tk, 1
P Cd 1l As AYAEZS XU Ry v 25 DU SO0 A A
T H AR 92.2% , 82. 8% Fi1 84. 5% , T A G iy
B HL A5 0| 12.5% F110. 9% ﬁﬁlif“ﬁ’mﬁ
R 51H 7.81% 4. 69% Fl 4. 69% . 3 b 4
JEBLEA i*ﬂ[ﬁﬁ j;%ﬂﬁiﬂffﬁbltéﬁﬂﬂﬂ’ﬂ%ﬁ 5&!:
Y% 7.81%. L |
2.4 itﬁﬁ/ﬁﬂ% Ph. Cd ﬂ%n As B’J@B@ﬂhﬂf{ﬁ
2k .
$m%%mﬁﬂﬁmﬁ%%ﬁﬂ¢%%Wﬁ@f

?ﬁﬂnﬂﬁiéﬁﬁ/ AR 2 R R S,
YT 4 A I 1 R PR 2 1 SR PO

p XLI‘mﬂ"ﬁﬁuﬁé‘%éﬁ N AR REETI IR NG

B2 R fioh - MR A - SR ) % 3 MR AR T 4
J& Pb, Cd F1 As B9 AARARER XURS: | 25 5% L3R 9.

®9 ETLEEERSNRELIZEESRE Pb, Cdfl As WEREZXKE

Table 9  Health exposure risks based on the total amounts and speciation of heavy metals Pb, Cd, and As in surface soil
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Fig. 2 Spatial distribution of potential ecological risk area based on the total amounts

and speciation of heavy metals Pb, Cd, and As in surface soil



1554 ® o B % 3%
EEJE As BB X B9 E YT R 5, S 8 E’Jl:i"ﬁ’rizl—‘éﬁﬁttﬂﬂ 25.0% [ 7. 81% . 43 HIXT b
Al A RS, T2 5B 4R & w40 FLRESETFIES EI’JEE"‘H[&}?%*HJ\MK@J%H
TR, ZTAEY TSN X 13 Ph., Fﬁﬂ:ﬁ\ g LA RV SR H B9 PEA O v A B

Cd 1 As BYZEE H 2 XUBS 3K 21 45 K DL B2, DL
Je AR XU 8 B E (HT > 1) f X3ak, AH e T
SRR (E 2 & 3). Hdr 48 Pb,
Cd Fl As 75 H 5 K UL G0 3 RURS: DX P A R A o HE
50. 0% (%22 7. 81% , 68 4 JF 2509 XU BB (HI > 1)

Al T B 5 TIRARE SR Pb, Cd Al As
TCE A SRR BT Cd > Ph > As, 72 R
FUR R YT Ph > As > Cd, iTRE& T
HE WA A 38 B0 R RE A SR R T 48 JE R )
S A 5 SR BIBT TS — 5

(a) 26T B it

8.05 ||
523 3
3.03

1.00
I

() ZETF- 4T R &

A
0 400 m
—_

[ {5
i ke
1.23 | 77 L Wi
1.16 KE
log | --- B .
Ilm + {EPl bR L
0

B3 £F ﬁ;%uﬁﬂ.}ﬁﬁ%? :t;%EﬁE Pb, Cd 1 As ﬂ’JﬂEiﬂFﬁ%ﬂrﬁEﬁﬁﬁﬁ

Fig. 3 Spatial distribution of the non-carcinogenic risk area bdscd fon the t()idl a'tnounts

and si)ecmtlon (Jf hedvy metals Pb, Cd, and As i in smfd(,e hﬂ'ﬂ

@riﬁm@ﬁ%%r%hﬁﬂﬁ:%?m~ Tiﬁﬂhﬁﬁﬁ%EMﬁﬁTCdmﬂ ¢Hm
mﬁﬂ%ﬁ%mxﬁﬁkﬁ@m%wﬁ@ﬁiﬁ E%ﬁm%fﬁm%%?gimmﬁﬁF@%ﬁz
AR B+ HETH T R 5 S A S SR A mMﬁi%¢Cdmwwﬁ*% ﬁ%ﬁ“%%
- I g %ﬂAT@Ei#ﬁﬁ%W%&% UET%ﬁ%EﬁkWMi%%%ﬁﬁﬁ%Wﬁ
ﬁﬁ%@é@%%%ﬁ%ﬁﬂh”Fﬂfm?i VER Cd 3 R R A e 2 KR
e T4 I LR 5 P L %me& ﬂ¢£&uiﬂ%Mﬁ55w\%%ﬁ

ﬁﬁ%%ﬂ“;fﬁ%*ﬁaé#%ﬁ izn%&w)%'ii%%tlﬂ
T 4 A T O 75 R 43 XU 245 S R
KN, TR FEOUS TP 5 R S RIEVWELS RN
ARG B0 B 22 1 ABIR S AR A T

YE NS MG, 13 Ph, Cd Al As Y B — B AE A SR
67 LA B 25 A VA A 2 R ik 81 2 B DA R3] A
A4 9.37% . 100% . 1. 56% F1 50. 0% .
2 PIRAEY WS 4 JE A B 80% 5 FRAE K - 1)
SR R ) JEF R R 43 1 v A B L
FE AR DX P A A P 4 5, 30 st T AR
B, 78 TAE X A S i sciEAL , AR 4R i
SR HE A XU S G Ry B2 RIS L2 AR A T A )
HEBOAELBIREYRH R REZS[ K 2(a)],
Hp 25 A5 i AR 5 A 25 XU X 3R 78 H A AR VA W i
4R M ETR s T R S 83. 3% . ILAL,
IZI2(a)ﬁ%,ﬁﬁrﬁﬁiﬁﬁé}%$7&mﬁ%2&

S AR RS AR S A AR 9 T 4 R i A
i, 3 DR AR ﬁE%lﬁTﬂ’EEiﬁ%Ph

Cd Tl As & FEZKERIN, Cd /15 r %é&%ﬁz
Cd AR KBS A8 B i, R G 1 T 4 R R it 108

21.9% 1 10. 9% , {H o 47 7F “ 5t P AU ™ 4[] S
%%i%ﬂ%uﬁﬁ%?&ﬁ%\%EP%&LJL‘JEQEW@IZ
WIEAR AL T 2 A AE W bR i R S [ 2
(b)].

oS X £ HELL Ph ¥5 Yo fe U, B AR R N
35. 9%, B IHEBIREECH 20,9, THE 48 Pb Ay
Bogr i, AT AR A A7 bR 4 %) Fr e ik
B, Gy ARVEIAR R, I B S A kR
HERWR, FmARVED T IRFELL Ph bR b ™
AR N 19. 2%, B KEBAREECH 4. 27. [RIEF Ph
XF MR A = i AR BUE B, X FE 4R Cd, -
M Cd S, HARRN 79. 7%, it KB AEECH
6.97 {0 Cd ZERPFFRL A bR, HAS LA R X
B X FEA R As, BR 1 FEE S BARREECH 1,10
Ab, A A (e, 38 As S REG, HAR
WYrkpRL b A HE AR, (0 As B IE SO 2 58 KUK 15 50
(HQ) F RAELF 2. 85, AT As 1At B XU AN 25 2
. ST, NS5 A s YR . A R AT
TEA L ARNED X E 4 Jm WL i 52 2 i RIS 55 PR
FAE RV, 5 300 W I REAL A XA A B v )



34 FRAE TR IR XA 1 L G A A KU 5 R U A

1555

G R SRR AR, , I B BE A B R IBGE 25 R
X X A TR FAME .

4 it

(1) TAEX ;81 H 2R 5E & brifE 1Y B 4 & ot
FEZH P A Cd. BRERHE S SNG4 Fh AL mT R H
A G EHET B:Pb > Cd > As. SV R E S B &
O A R EARE(E TR 2k Ph.

(2) FTF 5 4 8 B A AE W m] R R A5 00 A 25
U PEAT 45 SR 22 B, Cd 2 fie 32 B ) A 28 XU R
MR T B, R TAY TR AES E’Jﬁfl:j:i%% Cd
) B — VB E AR S KU LA K Ph , Cd AT As IZEE A
JRURGS 8 2 A k%ﬂﬁiﬂ%‘f&UL%%wmﬁtbﬁrU
i1 100% H1 50. 0% [ % 17. 2% F1 7. 81%, H. X143y
JRUBSE DX P AL 35 T 4B AAE DB A 17 5

(3) N 5 JRURS: T f 45 SRR B, 28 1T 432
4 A SO R AR B0 KUK B2 R 1R 1. BUE K
Brh , e R 75 % R TR, Cd AT As (A
FO i B XU, P 7 T 42232 9 BT A B XU

o T AR C WA E A T 20 (4 (0 (B e

B R, PhAIA e 3 R B 1 B ;,r’%
B 5 0 CHQ) 45 1 43 510 044 <980 6510, 04
~2. 85| £ R/ By T R SRR AG R i L4
tsﬁu::m b T Bl ER 52 5 KU SR IR T |

T84.7% ﬂa@j:ﬁf)hﬁul 69, H I Ph z,nﬁ}\#%? &

fﬁﬁzﬂlfﬁﬁ@ﬂ']fp% S IX L HE A 5L 1 e

’3%3'[@(:

[ 1] Yadav A K, Jamal A. Impact of mining on human health in and
around mines [ J ].
28(1) . 83-87.

[2] Hadzi GY, Ayoko G A, Essumang D K, et al. Contamination

impact and human health risk assessment of heavy metals in

Environmental Quality Management, 2018,

surface soils from selected major mining areas in Ghana [ ]J].
Environmental Geochemistry and Health, 2019, 41(6) . 2821-
2843.

(3] E¥wE, Zh0, ERM, % #FRas) Mg L gE
G TG Y3 B A AL B KR AR [ U] BB, 2019,
40(1) ; 437-444.
Wang YY, Li FF, Wang X Y, et al.

risk assessment of heavy metal contamination in surface farmland

Spatial distribution and

soil around a lead and zinc smelter[ J |]. Environmental Science,

2019, 40(1) ; 437-444.

(4] MR, S5, Kark, % 5 I3 m XAE H L5
*E**Eﬁ)ﬁaﬁ&&%%ﬂﬁﬁ[] . WEERLAE, 2018, 39

(6):2919-2926.
Tian M L, Zhong X M, Zhang Y X, et al.

health risk assessments of heavy metal contents in soil and rice of

Concentrations and

mine contaminated areas[ J]. Environmental Science, 2018, 39
(6):2919-2926.

[5] LulJZ,LuHW, Lei KW, et al. Trace metal element pollution
of soil and water resources caused by small-scale metallic ore

mining activities; a case study from a sphalerite mine in North

(6]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

China [ J].
2019, 26(24) : 24630-24644.
LimTY, Lee SW, Yun S T,

methods for the human health risk assessment of crop intake

Environmental Science and Pollution Research,
et al. Study on soil extraction
pathway around abandoned metal mine areas[ J]. Journal of Soil
and Groundwater Environment, 2016, 21(6) : 56-66.

TLH, MRS, BN, A5 MRS Ol K FEDTR Y
GIETEY . BN IEN KRR 1], BEERE, 2020,
41(12): 5410-5418.

Jiang T, Lin W W, Cao Y J, et al. Pollution and ecological risk
assessment and source apportionment of heavy metals in sediments
of Qingliangshan reservoir in the Meijiang Basin [ J ].
Environmental Science, 2020, 41(12) ; 5410-5418.

Li G, Sun G X, Ren Y, et al. Urban soil and human health; a
review[ J]. European Journal of Soil Science, 2018, 69 (1) :
196-215.

LiR X, Yuan Y, Li C W, et al.

ecological risk assessment of soil heavy metal pollution in the

Environmental health and

coastal cities of estuarine bay—a case study of Hangzhou Bay,
China[ J]. Toxics, 2020, 8(3), doi: 10. 3390/197{1?28030075
D, W, FIE, 5. HH A S T e
BT R LSRR [T]. %4 '?i?ffﬁ,lﬁ.,“zow,
26(5): 108- 115. ‘ & =

Ma P T, Shi Y, Li|Y W et al. Heavy m‘etal p\’)llutlon. and
potennal ecologlcal risk of soil from reclaimed mdusmal znd
mlnlng ‘waste ]dnd in Yangxm County, Hubeéi "Prnvmcp [J
Safety! aind | Enyironmental hngmeermg, 2019, 26 (5) 108-
ns. g« : -*""J
Wang E" 5 Huadg G S, 'Chen Z H, Dlstrlbutlorf

ecological f;k asses%menk and bioavailability of cathmium i 1r1 soil

et 'al.

from Nanshd Pearl River Delta, China[ J]. International Journal
of Envitonmental Research and Public Health, 2019, 16(19),
doi; 10.3390/ijerph16193637.

Liu R Q, Bao K' S, Yao S C, et al.
and distribution of potentially harmful trace elements in lake
sediments of Songnen Plain, NE Chinal J].
Environmental Safety, 2018, 163 117-124.
Battsengel E, Murayama T, Fukushi K, et al.

Ecological risk assessment
Ecotoxicology and

Ecological and
human health risk assessment of heavy metal pollution in the soil
of the Ger District in Ulaanbaatar, Mongolia[ J].
Journal of Environmental Research and Public Health, 2020, 17
(13), doi: 10.3390/ijerph17134668.

P, RIBW, BEARE. SRIRTTILS R  E E A R T
OB B AL S BT[], 22N 2CiE R 2224, 2020,
39(4); 106-111.

Li S, WuJ L, Xue L G. Assessment of soil heavy metal pollution

International

and potential ecological risk for an iron tailing pond in Zhangye
City[ J]. Journal of Lanzhou Jiaotong University, 2020, 39(4) .
106-111.

Gusiatin Z M, Kulikowska D. The usability of the I, RAC and
MRI indices
environmental quality of sewage sludge composts [ J].
Management, 2014, 34(7) . 1227-1236.

T, B, BB, & 0 XEH LD ESBIES
I RS G R AN [T]. TP R 2 4R ( H AR AR |
2016, 41(5) : 1676-1682.

Long HY, Wang W S, Wei Y Y, et al. Speciation analysis and

pollution risk assessment of heavy metals in the soils surrounding

assess the

Waste

of heavy metal distribution to

mine area[ J]. Journal of Guangxi University ( Natural Science

Edition) , 2016, 41(5) : 1676-1682.
IS, JEREE, N, 4. TCLP ETEM AR W JE 3 E 4



1556 woom B % 43 %
JETE G BRI L S B RESMERT]. [27] BWIE, $&EME, TR, % sEAEES ZIEE SR
KEEZAR (A BRBIEM) , 2015, 51(1) : 109-115. P S AEAE B KB PR [T, MR 5 464R, 2019, 43(6) .
Yue C, Wang Q H, Yuan L, et al. Assessment of heavy metal 1358-1366.
contaminated soils from the lead-zinc mine by toxicity Zhou Y L, Guo Z J, Wang C W, et al. Assessment of heavy
characteristic leaching procedure [ J ]. Acta Scientiarum metal pollution and potential ecological risks of soils in Zhenxiong
Naturalium Universitatis Pekinensis, 2015, 51(1); 109-115. County, Yunnan Province [ J ]. Geophysical and Geochemical

(18] I, Ml F5>, MR, 5. BREILS 0L 3l X iR Exploration, 2019, 43(6) ; 1358-1366.
PR PPRAAE S RS 1 L3 BB B [J]. BREERE (28] XUFE4:, BhT, MUBURT, 55, PUJIAR U N T DU FIRR AR £h &
%%,2019, 40(11) : 5090-5097. XOKFEAR A 1 Se ALY AL ERINER 1], HuFuw
Wen Q Q, Yan X L, Shen J F, et al. Mineral characteristics of %, 2020, 39(12): 1919-1931.
arsenic in the active area of the Banbishan gold mine and its Liu X J, Yang K, Cheng H X, et al. Control factors of selenium
effect on arsenic accumulation in farmland soil [ J ]. content and bioavailability of rice root soil in shale and carbonate
Environmental Science, 2019, 40(11) : 5090-5097. rock areas, Luzhou City, Sichuan Province [ J]. Geological
(197 LT, XK, Priveste, %5 frJRsEhe) i L & Bulletin of China, 2020, 39(12) ; 1919-1931.
JRIGY R PE G [J]. ARG IS R4 25 4l ( A ARBL#R) , [29] EBE, $/E, SKakSC, 5. HERTT FEAMFX 3% Cd 49
2020, 52(5) : 57-64. Rt X m P E )], R, 2020, 41(4) . 1864-
Wang Y S, Liu C J, Chen X Y, et al. Pollution risk assessments 1870.
of heavy metals in soils around a municipal solid waste incinerator Wang R, Hu X L, Zhang Y W, et al. Bioavailability and
[J]. Journal of South China Normal University ( Natural Science influencing factors of soil Cd in the major fdrming areas of
Edition) , 2020, 52(5) ; 57-64. Chongging[ J ]. Environmental Science, 2020 41'(4) 1864—
[20] sk, M, HLLyr, . BYERRDE LIEMR SR E SRS 1870. ; | #___,r‘
PERHE S AR T4 [ T]. BRI 240, 2020540 (3) [30] CE#E, Bihl, SR, 45 )bFﬁ%ﬁtﬁ@“Vi%%’%Eiﬂ
1085-1094. L Bk 2] Eﬂéﬁﬁhﬂt ‘ﬁiﬂé/ﬁéﬂﬂﬂ %P‘ﬂs& }02.1 42
Zhang H, Wang H, Tang H Y, et al. Heavy metal pollution (3): llk4 f122. | 1 F
characteristics and health risk evaluation of “sail and v“gg.elables in Wang R Chen Ny*Zhang E X, et al. beo(hemlcal patte’ma ___amd
various funotlona.l areas of lead-zinc talhngs pond J. Acta~, source | analy%ls.rhf soil eavy metals in an iron and manganese ore
~Seientiae Clrcdm%tantlae 2020, 40(3) 1085 1094 h‘ .l‘.‘.“-r."_‘ area of Longvan Ctly[.] Environmental Science, ZQZI , 42
[21.,} Gao J, Wanng Ecologlcal and human hedlth"r.ls ssess‘fﬁ-‘ents (3): 1114 122. 0 ¢ ) .-"-
= in|the contgx'f of %011 heavy metal pollution 1n-‘a typloal mdu%trlal [31] Tessier. ,A LCampbell PG G, Bisson M. Sequentlal extractlﬂ'fl
larea of Shanwhau China [ J]. antronmenfal Science ‘and procedure'for the speeu&tlon of particulate trace “metals [ J'].
__+ Pollution Rebearch 2018, 25(27) ; 27090- 27105 .-J b Analylica‘i Chenistry, 1979, 51(7) . 844-851. .“'“"J
[22} HJ 25, 312019 R % 114t 4075 TLWZ? &/I\E%IM[S] [32] DD 2005-02, KA ERpE IR EZR (R1T) [S].
HJ-QS 34 20}9 'lechnrt‘al guidelines for risk assessr};@nt of . seif [33] DD 2005-03, =2 HiBRkik 2 {Tﬂﬁ‘#;ﬁ:%ﬁﬁ?‘i%/k(lﬁ4T)
comammahbn of land for construction[ S 7. r e [S].
(23] MR, GEACHh A, . R T A R R 2 ) 34]  DZ/T 0011-2015, Hupffb=#E A (1: 50000) [S].
PARIEL)]. FEIRF, 2020, 41(3) : 1440-1448. 35] DD 2005-01, 2 HArHuERA~7 i AL (1: 250000) [ S].
Ji C, Hou D W, Li F Z, et al. Assessment and spatial 36] Hakanson L. An ecological risk index for aquatic pollution
characteristics analysis of human health risk of heavy metals in control. A sedimentological approach [ J ]. Water Research,
cultivated soil[ J ]. Environmental Science, 2020, 41(3) ; 1440- 1980, 14(8) 975-1001.
1448. [37]  BRWET, X8, #asr, % T ARRE IS X R YA
[24] MR, BREA, A, & BT ArcGIS MIERAF ) 6E %iﬁﬁﬁzuﬁﬁm B dF [T, PREEREEE, 2019, 40
l:ib&i@)ﬁﬁiﬁmﬁﬂﬁmm TR PR S50 (A AR B (12) : 5629-5639.
fZ) , 2020, 32(4) : 292-300. Chen J Y, Liu G B, Cui J L, et al. Mobilization of heavy metals
Lin ] W, Chen M W, Zheng D M, et al. Health risk assessment in a soil-plant system and risk assessment in the Dabaoshan mine
of soil heavy metals in different functional areas of suburbs based area, Guangdong Province, China[J]. Environmental Science,
on ArcGIS [ J]. Journal of Shenyang University ( Natural 2019, 40(12) : 5629-5639.
Science) , 2020, 32(4) ; 292-300. [38] WRiR4:, BRAES, XA, & mad HIEARE T SEMR
[25] Zf7y, WK, BAW, % KRR H2E8 + e E 4 [J]. B8R, 1992, 13(4) ; 70-75.
JRAE SRS 5 NS [ 1], BREERL 2, 2018, 39(12) . Chen Z J, Chen C X, Liu Y Q, et al. Study on soil
5628-5638. environmental background values in Fujian Province [ J .
LiCF, CaoJF, Lv ]S, et al. Ecological risk assessment of soil Environmental Science, 1992, 13(4) . 70-75.
heavy metals for different types of land use and evaluation of [39] pPeghse, INAH, BEE, &, ILERE 17 T L ERIb2A1 5
human health [ J]. Environmental Science, 2018, 39 (12): fH[J]. WZREE¥E, 2019, 35(1) : 46-56.
5628-5638. Pang X G, Dai J R, Chen L, et al. Soil geochemical background
[26] MRiGsE, /A=, £5, % ET ST XEEESEAS value of 17 cities in Shandong Province[ J]. Shandong Land and
TR S N ARG TP A ()], FRBERL £ 274, 2018, 38(4) . Resources, 2019, 35(1) ; 46-56.
1642-1652. [40] Z/NBR, ZEf B A BRI SRS A RIS, <+ A

Chen Y X, Jiang X S, Wang Y, et al.
environment and human health of heavy metals in mining area
based on GIS[ J]. Acta Scientiae Circumstantiae, 2018, 38(4) ;
1642-1652.

Assessment of ecological

301 1) Bl A R
793.
Xi X H, Li M. Summary of modern exploration geochemistry

[J]. W 5LIE, 2017, 41(5); 779-

scientific system: commentary on exploration achievements



3 TS, ST ARSI X T 4 8 A 25 KU 5 R AU PPl 1557
obtained in the period of ‘12" Five-Year Plan’ [J]. Geophysical in southwest mountainous regions [ J |. Acta Scientiae
and Geochemical Exploration, 2017, 41(5) . 779-793. Circumstantiae, 2011, 31(9) . 2014-2021.

[41] EZ, KU, Wfi, 5. T EEOEEN LERESRES [46] GB 15618-2018, -HEP B ik A< A b 4 5 e RS 8 42 At
MU XTI DA RO I T]. R, 2017, (A7) [S].
38(10) ; 4348-4359. [47] GB2762-2017, &% EZRbRE &5 5 RYRE]S].
Wang R, Chen M, Chen N, et al. Comparision of ecological risk (48] BRI, PEFm, TOBMG, 5% H:VOR L 4R H iR % XK A5
assessment based on the total amount and speciation distribution R R [J]1. &% 55 ﬂ"ﬁ"’, 2020, 41 (4). 1855-
of heavy metals in soil; a case study for Longyan City, Fujian 1863.
Province[ J ]. Environmental Science, 2017, 38 (10) . 4348- Chen T B, Pang R, Wang F P, et al. Safety assessment of rice
4359. planting in soil cadmium geological anomaly areas in southwest

[42] VEXAE. ZIUGilorirS SPSS W[ M]. Lifg. 4ERBLT R Guangxi[ J |]. Environmental Science, 2020, 41 (4 ). 1855-
A, 2010. 1863.

[43] 245, 280 B, % JE 193 NI ALRI X 4 B T [49] Zong YT, Xiao Q, Lu S G. Chemical fraction, leachability, and
R SRR [T]. HEER 2%, 2020, 41 (4) . 1825- bioaccessibility of heavy metals in contaminated soils, Northeast
1837. China [ J]. Environmental Science and Pollution Research,
Li K, Peng M, Yang Z, et al. Trace metals pollution and health 2016, 23(23) ; 24107-24114.
risks for planning area soils of 193 Chinese cities [ J ]. [50] AT, skiTAe, MR, % i s KR M+ E 4R
Environmental Science, 2020, 41(4) . 1825-1837. SRR R ik ——LD/NE IR S0 X B[ )], Hb sl

[44] HEEZ, U4, Hi LUS, % BT EYTHEREGHET %, 2014, 33(8) : 1097-1105. .
FIEE SR ARSI [J]. T ERER 2, 2021, 41 XuY N, Zhang J H, Ke H L, et al. An assessment method for
(1) :442-450. heavy metal cumulatwe risk on farmland 5011 in th_g..-!ffu’lun'g area;
Feng K H, Fan J, Hii L U S, et al. Human health risk a case study of the Xiaoginling gold mining drea[.]} Geological
assessment of heavy metals in soil from a smelting plant__-!-:)_:aéed on Bulletin of Chlna 2014 ; l33( 8):1097-1105. ._‘.--" —
bioaccessibility [ J]. China Environmental Science 2021 [51] ™k, ?K';-gﬁﬁ ?K%E% Pﬁr JRE ulﬂiﬁf—]ﬁl: e Ve &
(1) : 442-450. G4 i %Z%E&fﬁﬁ%ﬂ GIFAT ] Htﬁ‘ﬂ 20)6’

[45] HRI, BE, BIEOL, 4 @mmim%wtwamﬁ% 41( 12) 5579,—5588 Y 7

récftuui%}ﬁ &@%J—U& PEM [ 11 ﬂiﬁﬂ‘»%\'/ﬁ‘ Ye M Zhanu _I R, Zhang L Ls et al. Transfer factor and health_‘
/ 2011, 31(9') 2(014 -2021. W ’ risk asaesSmenl of heayl memls in a soil- -crop system in a h‘f-gh_-d

= Yang G, Shé:;l .F Zhong GJ, et al.u.-ﬂoncéﬁ{rziti(.){}'éndr-ﬁe%lg)

I risk of heavy metals in crops and soils in a zingfldad mining area

ln(’ldenff- area 'of hasopharyngeal carcinoma, Guangdong [
anwmma{hal Smence; iOZO 41(12); 5579- 5588 ’ .“-“'

- i



HUANJING KEXUE Vol.43  No.3

Environmental Science (monthly) Mar. 15, 2022

CONTENTS

Analysis of Change and Driving Factors of PM, 5 Mass Concentration in Tianjin from 2000 to 2020
Characteristics and Sources of PM, 5-05 Compound Pollution in Tianjin

CAI Zi-ying, HAO Jian, HAN Su-qin, et al. (1129)
XIAO Zhi-mei, XU Hong, GAO Jing-yun, et al. (1140)

Source Analysis of Ambient PM, 5 in Wuhan City Based on Random Forest Model ««+x+eseseereresesernsicnnsiiniiin ZHANG Zhi-hao, CHEN Nan, ZHU Bo, et al. (1151)
Chemical Characteristics and Sources of Atmospheric Aerosols in the Surrounding District of a Heavily Polluted City in the Southern Part of North China «+-«eseseeseereereesemenenseninicnennnnen
.................................................................................................................................................................. REN Xiu-long, HU Wei, WU Chun-miao, et al. ( 1159)
Characteristics of Water-soluble lons in an Autumn Haze Process in the Southern Sichuan Urban Agglomeration After the Implementation of China’s Air Pollution Prevention and Control
ACHON PLan  +ovseeeesressssers et WU An-nan, HUANG Xiao-juan, HE Ren-jiang, et al. (1170)
Concentration, Source, and Health Risk Assessment of PM; Heavy Metals in Typical Pollution Processes in Zhengzhou - +++ ZHAI Shi-ting, WANG Shen-bo, ZHANG Dong, et al. (1180)
Geographical Detection of Spatial Heterogeneity and Drivers of PM, 5 in the Yangtze River Economic Belt = «+veveeeeererseemensniesnicicniinicnienns WANG Li-li, LIU Xiao-jie, LI Ding, et al. (1190)
Spatial Heterogeneity of PM, 5 Concentration in Response to Land Use/Cover Conversion in the Yangtze River Delta Region ~ +++reveeereeeer ZHOU Li-xia, WU Tao, JIANG Guo-jun, et al. (1201)
Analysis of Pollution Characteristics, Meteorological Impact, and Forecast Retrospective During the Spring Festival and the Lantern Festival in “2 426" Cities «+v+reeereesererrenssssenennenens
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHU Yuan-yuan, WANG Xiao-fei, WANG Wei, et al. (1212)
Pollution Characteristics and Influencing Factors of PM, 5 in Shanxi Province Based on Wavelet Transform =~ «+eoeeserverereresnesineeeens ZHANG Ke-ke, HU Dong-mei, YAN Yu-long, et al. (1226)
Estimation of Surface Ozone Concentration and Health Impact Assessment in China «+«seseeseereerserssemenenninini e ZHAO Nan, LU Yi-min ( 1235)
Analysis of Ozone Pollution Spatio-temporal Evolution Characteristics and Identification of Its Long-term Variation Driving Factor over Hunan Provinge «++«+essessersenssmsenenenninncnenennes
............................................................................................................................................................ LIU Yan-yan, YANG Lei-feng, XIE Dan-ping, et al. ( 1246)
Temporal and Spatial Variation in 05 Concentration Near the Surface of Shandong Peninsula and Analysis of Potential Source Areas LI Le, LIU Min-xia, XIAO Shi-rui, et al. (1256)
Characteristics, Ozone Formation Potential, and Source Apportionment of VOCs During the COVID-19 Epidemic in Xiong'an -+ * LIU Xin-jun, WANG Shu-juan, LIU Cheng, et al. (1268)
Characteristics and Source Analysis of VOCs Pollution During the Period of Ozone Exceeding the Standard in Zibo City WANG Shuai, WANG Xiu-yan, YANG Wen, et al. (1277)
Comparison of VOCs Pollution Characteristics Between an Urban Site and a Background Site in Summer in Zibo QIN Tao, XU Bo, WANG Xin-wu, et al. (1286)
Emission Characteristics and Inventory of Volatile Organic Compounds from Cooking in Sichuan Province QIAN Jun, HAN Li, CHEN Jun-hui, et al. (1296)
Emission Characteristics of Gas-and Particle-Phase Polycyclic Aromatic Hydrocarbons from Cooking LI Yuan-ju, WU Ai-hua, TONG Meng-xue, et al. (1307)
Diversity and Community Structure of Airborne Fungi in Different Working Areas of Composting Plants YU Ao-yuan, XING Li-jun, SUN Xing-bin, et al. (1315)
Main Problems and Refined Solutions of Urban Fugitive Dust Pollution in China «+«+«sssssereersemsenenseneenes LI Ting-kun, FENG Yin-chang, BI Xiao-hui, et al. (1323)
Water Quality Assessment and Spatial-temporal Variation Analysis in Yellow River Basin «+ereereesesrerseresernineninnne LIU Yan-long, ZHENG Yi-an (1332)
Spatial Distribution and Influential Factors of Nutrients in Rivers of a Typical Mountainous City: A Case Study of the Qingshuixi River in Chongging
........................................................................................................................................................................ WANG Chao, YE Qiu, JIA Bo-yang, et al. (1346)
River-Lake States in the Tributary of the Three Gorges Reservoir Area and Their Effects on the Phosphorus Content of Different Forms in the Sediment «++x+seeeseeseersessereseneninsinennn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" HUANG Wei, ZHANG Xing, LUO Xiao-jiao, et al. (1356)
Molecular Signatures of Dissolved Organic Matter in the Paihe River and Its Tributaries -+ B SRARILIILEN e ZHAN Ya, YIN Hao, FENG Jing-wei, et al. (1365)
Multiphase Spatial Distribution Characteristics of Cd Morphology in Typical Intertidal Zones in the Guangdong-Hong Kong-Macao Greater Bay Area and Its Influencing Factors = «++xeseeeveeeees
........................................................................................................................................................................... CUI Xin-yue, MO Wu-giu, LIAO Jian-bo ( 1375)
Occurrence Characteristics and Risk Assessment of Antibiotics in the Surface Water of Luoma Lake and Its Main Inflow Rivers +***+ GONG Run-giang, ZHAO Hua-jin, GAO Zhan-qi, et al. (1384 )
Contamination Characteristics and Ecological Risk Assessment of Antibiotics in the Third Drain of Ningxia —«eesesreressesresvenenienninineninnn LI Fu-juan, GAO Li, LI Ling-yun, et al. (139%4)
Historical Changes and Responses to Human Activities of Polycyclic Aromatic Hydrocarhons in Lake Sediments from Northern China During the Past 100 Years «o«eoeeeeesererserencnennenens
.............................................................................................................................................. GONG Xiong-hu, ZHAO Zhong-hua, DING Qi-qi, et al. (1404

Characteristics of Bacterioplankton Community Between River and Lake/Reservoir in the Yangtze River Basin HU Yu-xin, ZHANG Jing, HUANG Jie, et al. (1414
SHI Yujiao, LI Wen-bao, ZHANG Bo-yao, et al. (1424
SHU Wang, WANG Peng, DING Ming-jun, et al. (1434

)
)
)
)
Microbial Community Structure on Microplastic Surface in the Grus leucogeranus Reserve of Poyang Lake -+ LIU Shu-li, JIAN Min-fei, ZOU Long, et al. (1447)
)
)
)
)

Characteristics of Bacterial Community Structure in Wuliangsu Lake During an Trrigation Interval in Hetao Plain

Effects of Landscape Structures on Bacterioplankton Communities at Multi-spatial Scales in the Yuanhe River

Influence of Microplastics on the Development of Proteus Biofilm +-«+:«+sesseseee- +++ TAO Hui, QI Yi-ting, YU Duo, et al. (1455

Deposition Law of Low-Density Microplastics Aggregation in Wuliangsu Lake LIU Yu, SHI Xiao-hong, ZHANG Sheng, et al. (1463

Adsorption of Fulvic Acid on Virgin and Aging Microplastics = ++««+sresressererrssssrssensnrss it SONG Ya-li, YU Ya, ZHENG Lei, et al. (1472
Diffusive Fluxes and Controls of N,0 from Coastal Rivers in Tianjin City »++ TANG Meng-yao, HU Xiao-kang, WANG Hong-wei, et al. (1481
Effects of Hematite and Biochar Addition on Wastewater Treatment Efficiency, Greenhouse Gas Emission, and Microbial Community in Subsurface Flow Constructed Wetland — «++sesveeveseeeess
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CHEN Xin-tong, HAO Qing-ju, XIONG Yan-fang, et al. (1492)
Identification and Optimization Method of Rainfall-Runoff Pollution Risk Level «ereeseeresererenesienienienniniineniinininininenns QI Xiao-tian, ZHANG Zhi-ming, ZHAO Xin, et al. (1500)
Factor Analysis of Disinfection Byproduct Formation in Drinking Water Distribution Systems Through the Bayesian Network +++++++++- JIANG Shan-shan, WANG Zhen-yu, GAO Quan, et al. (1512)
Selective Adsorption of Au( ll) by Activated Carhon Supported Polythioamides and Adsorption Mechanism =++x+sssssseseeseseseensesnens 7HAO Wen-jin, ZHANG Shun, AN Xiao-giang, et al. (1521)
Impacts of F/M Ratio on Microbial Networks in Activated Sludge —«+«+-reeseesresrersssssssnsimsniinisi s ZHANG Bing, SUN Chen-xiang, WEN Xiang-hua ( 1529)
Geochemical Characteristics and Source Apportionment of Soil Elements in an Urban-rural Integration Area: A Case Study in the Qinglong Area of Tianfu New District +:eseerseseereseessensenees

*+ LIU Shu-huai, WANG De-wei, SHI Ze-ming, et al. (1535)

Ecological and Health Risk Assessments Based on the Total Amount and Speciation of Heavy Metals in Soils Around Mining Areas «w+:eseeseeeeseereens WANG Rui, CHEN Nan, ZHANG Er-xi ( 1546 )
Characteristics of Antimony Migration and Transformation and Pollution Evaluation in a Soil-Crop System Around a Tin Mine in Hunan Province
............................................................................................................................................................ )
Effect of Controlling Heavy Metals in Soil of Rare Earth Mining Area by Biochar Supported Graphene Oxide )
Enhanced Remediation of Cd Contaminated Soil by Cotton with DOM MIN Tao, LUO Tong, CHEN Li-li, et al. (1577)
Novel Insight into the Adsorption Mechanism of Fe-Mn Oxide-Microbe Combined Biochar for Cd( II') and As( 1) LIAN Bin, WU Ji-zi, ZHAO Ke-li, et al. (1584)
Variations in Cadmium Accumulation and Transport and lonomic Traits Among Different Winter Wheat Varieties LIU Chang, XU Ying-ming, HUANG Qing-qing, et al. (1596)
Cadmium Accumulation Characteristics of Different Heat Varieties Under Cadmium Stress —«++«+sesseresseersersmsnmnmimmmiin, REN Chao, REN Yu-zhong, WANG Hao, et al. (1606)
Effect of Different Land Use Types on the Diversity of Soil Bacterial Community in the Coastal Zone of Jialing River «+-eeeseseereereeerene LIU Kun-he, XUE Yu-gin, ZHU Lan-ping, et al. (1620)
Effects of Earthworms/Biochar on Bacterial Diversity and Community in As-contaminated Red Soil = «+eeeeereeveeserenensinenennenns SU Qian-gian, LI Lian-fang, ZHU Chang-xiong, et al. (1630)
Effects of DA-6 and EDDS on Growth and Cd Uptake by Solanum nigrum L. and on the Soil Bacterial Community Structure —«+«+«esesessessesseseneenes LUO Yang, SUN Li, LIU Fang, et al. (1641)
Effects of Plastic Mulch Film on Soil Nutrients and Ecological Enzyme Stoichiometry in Farmland «-«+xeoveoeeseeeeenensssneneniiinne HU Zhi-e, XIAO Mou-liang, WANG Shuang, et al. (1649)
Effects of Warming and Increased Precipitation on Soil Respiration of Abandoned Grassland in the Loess-Hilly Regions - WANG Xing, ZHONG Ze-kun, ZHU Yu-fan, et al. (1657)
Effect of Film Mulching, Straw Retention, and Nitrogen Fertilization on the N,0 and N, Emission in a Winter Wheat Field «++e+reeoeeeee PENG Yi, LI Hui-tong, ZHANG Shao-wei, et al. (1668)
Effects of Straw Returning on Soil Ammonia Volatilization Under Different Production Conditions Based on Meta-analysis ++ ZHAO Zheng-xin, WANG Xiao-yun, TIAN Ya-jie, et al. (1678)
Impacts of Fertilization on Soil Antibiotic Resistance Genes Across Croplands; A Meta-Analysis ***®ccesesesrsreosrereceees RAN Ji-wet, XIAO Qiong, HUANG Min, et al. (1688)



	1.pdf
	封面
	中文目录


