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Abstract:

[Background] Heavy metal emissions from mining and smelting areas are a global problem, and
health risks associated with heavy metal contamination of soils are of great concern. The long-
term mining of the largest realgar mine in Asia has caused severe arsenic and other metal pollution
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to the surrounding rivers and soils.

To understand the levels of metal contamination and health risks in agricultural soils of villages surrounding the largest realgar
mine in Asia, and to lay a good foundation for further necessary pollution control actions and decisions.

A field survey was conducted to collect soil samples according to the Technical rules for monitoring of environmental quality
of farmland soil (NY/T 395-2012), and then inductively coupled plasma mass spectrometry was used to determine the contents of 28
heavy metals [cadmium (Cd), arsenic (As), lead (Pb), mercury (Hg), chromium (Cr), nickel (Ni), copper (Cu), zinc (Zn), beryllium (Be), selenium
(Se), cobalt (Co), antimony (Sb), molybdenum (Mo), vanadium (V), barium (Ba), thallium (Tl), boron (B), bismuth (Bi), lithium (Li), manganese
(Mn), strontium (Sr), calcium (Ca), rubidium (Rb), iron (Fe), magnesium (Mg), aluminum (Al), kalium (K), and titanium (Ti)]. Geoaccumulation
index, single factor pollution index, and Nemerow comprehensive index were used to evaluate the degree and characteristics of single
metal pollution and combined pollution in soil, respectively. A health risk assessment model was used to evaluate the risks of metals in
soil to human health.

The results of geoaccumulation index calculation revealed that 22 heavy metals were enriched in the soil, and the indexes of
target heavy metals from high to low were Cd>Se>Pb>Hg>As>Co>Ni>Cu>Zn>Bi>Sbh>Mo>Be>Cr>Ba>V>Li>Sr>Mn>
Rb > Ca >Tl. The single factor pollution indexes of 17 heavy metals from high to low were Be >Cd >B >Mo >V >As > Ni>Cu>Pb>Zn>Co >
Se >Tl >Ba> Cr>Hg>Sh. The Nemerow comprehensive index indicated all sampling points were graded as severe pollution. The mean of
total non-carcinogenic health risk values and the mean of carcinogenic health risk values for the target heavy metals in the area were
higher than the threshold (1) and the maximum acceptable risk (1.0x10™), respectively. The total carcinogenic health risks for adults and
children reached 1.1x107 and 1.67x107, respectively. The mean non-carcinogenic health risk values of As, Co, Cr, and Pb pollution were
greater than 1, and the maximum non-cancer risk value of Sb for children was greater than 1. The mean carcinogenic risk values of Ni, As,
and Cu exceeded 1.0x10™ for both adults and children, and the maximum carcinogenic risk values of Be and Cr for children were more
than 1.0x10™".

The farmland soil around the hugest realgar mine in Asia is contaminated by multiple metals. The study soil is seriously polluted
by Cd, Se, Pb, As, Hg, Be, B, Mo, V, Ni, Cu, Pb, Zn, Co, and Ba. The pollution of Ni, As, Cu, Cr, and Be is considered as carcinogenic hazards
to health, while the pollution of As, Co, Cr, Pb, and Sb poses non-carcinogenic health risks. Our study findings show that the soil is polluted
by Co and Group 1 carcinogen Be, which could cause health risks; although Cr and Sb have not reached severe pollution levels, there are
certain health risks and also need attention.

mine area; soil; metal pollution; health risk
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Figure 1 Sampling spot distribution in the study area
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Table 1 Descriptive statistics of metal contents in farmland soil around the realgar mine

E8/(mgkg™) E8/(mgkg™) TIEESE/ TEEEEERSIVERE

2R 9t B ERRR ek mimske’) | BEE%  EWE/mele) B
$R(Cd) 10.71%5.46 1.69~18.13 0.51 0.085 0.30° 100.00 2.00° 90.91
Fei(As) 286.37+193.77 111.17~797.32 0.68 14.00 40.00° 100.00 150.00° 90.91
A (Pb) 487.34+74.80 387.07~668.64 0.15 27.00 90.00° 100.00 500.00° 36.36
R(Hg) 1.2741.20 0~3.3 0.94 0.096 1.80° 18.18 2.50° 18.18
$&(Cr) 351.86+110.56 225.31~590.57 0.31 68.00 150.00° 100.00 850.00° 0
F2(Ni) 406.31+196.70 268.02~981.60 0.48 32.00 70.00° 100.00 — —
fR(Cu) 272.09+54.60 180.78~393.37 0.20 26.00 50.00° 100.00 — —
$¥(zn) 972.77£201.26 611.53~1388.12 0.21 94.00 200.00° 100.00 — —
(Be) 7.85£6.41 0~18.71 0.82 1.96 0.20°¢ 81.82 - -
fi(Se) 18.50+13.93 0~43.82 0.75 0.27 6.00° 81.82 — —
§i(Co) 170.52+48.44 97.69~275.82 0.28 14.00 50.00 ¢ 100.00 — —
#5(Sb) 15.66+13.66 0~48.81 0.87 1.87 36.00 ¢ 9.09 - —
$H(Mo) 7.77£6.74 0~17.71 0.87 1.40 0.60°¢ 63.64 — -
Hv) 449.91+147.68 268.63~667.25 0.33 129.00 47.00° 100.00 — —
#(Ba) 764.29+435.73 105.71~1158.64 0.57 347.00 302.00°¢ 72.73 — —
FB(TI) 0.790.91 0~2.53 1.15 0.61 0.30° 54.55 — —
T(8) 40.65%30.46 0~80.37 0.75 80.00 1.70°¢ 81.82 - -
$(Bi) 5.3614.97 0~15.87 0.93 0.70 - — — =
$8(Li) 120.11£34.58 55.78~166.19 0.29 44.90 — - - -
$&(Mn) 948.14+411.56 538.84~1880.24 0.43 441.00 — — — —
£8(sr) 121.36£31.57 78.90~193.27 0.26 57.00 - — — —
£5(Ca) 2626.93+1067.83 1696.11~5110.22 0.41 1500.00 — — — -
#l(Rb) 237.4543.17 175.59~306.35 0.18 139.00 — — — -
(Fe) 34978.85£8579.75 23917.17~52697.30 0.25 34000.00 — — — -
£(Mg) 2237.41+1115.98 1151.70~4573.43 0.50 4600.00 - - - —
£R(Al) 16567.59+4 465.85 9565.87~24950.05 0.27 80000.00 — — — -
F(K) 1406.10+338.06 855.58~2198.40 0.24 16000.00 — — — -
$A(Ti) 246.79+110.07 102.30~428.86 0.45 3500.00 — - - -

[¥1a#0 b 954 GB 15618—2018 ( LB IEFR T KA TIBT RN

YRR,

222 BRFSRIEHNEABT FEETREHTEN

BARFSRERDFHERE 3)ETR, SHIEHA
A E/ MK R Be>Cd>B>Mo>V>As>Ni>Cu>Pb>
Zn>Co>Se>TI>Ba>Cr>Hg>Sh; H A Be. Cd. B.
Mo JSRIEHIIERE >3, TRRE, k4 5HEE
RERBIFEAEL, V. As. Nis Cus Pb. Zn KD FKIES
KENEETHR; B Sb. Hg. Cr SRAEAEIN, HES
BIFEEREIRET S, Ba. Co. Se TS NEREK
IF; sb XA 1 MERRIBRETE, SARXEFEES
MERIEE, FREBTREEER, RILREESEN

EIAE) PR R HEEMXCERE;, c AERDEARTHBSKR

SYER, NBT K& A 2E R M L IES
B ERYMNEE TR, ERETFIEREASES
TSRIGAE T BETTRIKTF(K $4) o BRIFERBTHR
¥534BFR ILE 4, LL Be. Cd. B. As. Mo. V B9S2 5EL
BRH,
2.3 BEREIEN

RENIENGERYIFER 2. R 3, ZOBAN K
BRIZAR A PE IR T N B BB R RV B ARG IE ILER S5. S6o
EREXTALAF)LER THI KT 1.00, TCR BB &K
A RRBXE2(1.0x10™) , ZX B AF) LE AT REE]

A~
m

wWww.jeom.org


www.jeom.org

928 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2023, 40(8)

R £1EF Ni. As. Cu. Cr. Be B CR R AEWYET
T BN R R AN FE(1.0x107) 5 Ni BIEEX
i m, XA K LEBR XS 5 &R 8.95x107
1.41x107°, AN LEMNEFEREENREF;, B
R, As FIBUEME RS, SR AR LERN XK SX
7.52x107 1.15x107%

BN AEBUE R RN, As 2IEBUEME XY
FERF; HXJLE Co. Pb. CrBY HQIIEK Sb BY
HQ R A BB 1.00, #5Y) LEB BN,
Co XIRRARY HQ TRAEATF 1.00, 10T A LBIERE
MR XS, XATS, As BY HQ,po > 1> HQuermar >
HQ,» RBE As T BB L OB R A SR IERE

A REE
8 BAE
7 BalLtb k¢
M * 19E
6 Ffiiag
S bRk
4 \ =
% T —— &/ME
5 T
g 3 T BSdd %‘ T
2, T I T o
[ -
u 7 : H T
5 HHee
Bk o l T T lgeo=0
H‘S
= -1 i
-2
S %
4 %
-5
Cd As Pb Hg Cr Ni Cu Zn Be Se Co Sb Mo V Ba TI B Bi L Mn Sr Ca Rb Fe Mg Al K Ti
2 TESEMMRERERSHER
Figure 2 Distribution of /,, values for selected metals in soil
95
901 4 ARl = >
s0 ) 22 RARENFHIERERRITNLE
Lok
55 1 Table 2 Non-carcinogenic risks of selected metals for children
o 20 AR and adults
45 = BVE
£ 40 RAHQ JLEHQ
B 35 =R - =
' 30 9@ =AE TFE =AE
-2 -2 -1 -1
2 cd 1.95x10 3.31x10 1.20x10 2.03x10
20
: As 1.66 461 10.36 28.86
15 .
10 - = Ij Pb 2.21x10™ 3.04x10™ 1.42 1.94
G PN L LN P AT
o Lz v R e G Bk ",""}"P‘=3 Hg 6.95x10° 1.80x107° 4.42x107 1.14x10™
Cd Hg As Pb Cr Cu Ni Zn B Ba BeMo Sb Se Tl V Co = =
R . . cr 2.11x10 3.54x10 1.31 2.19
UE] p=3 REESHEARE, S , " "
N N . Ni 3.33x10 8.05x10 2.07x10 4.99x10
3 TEEEMNRRAFSRIERSHER . , , ,
. R . L Cu 1.07x10 1.55x10 6.86x10 9.92x10
Figure 3 Distribution of single factor pollution index for selected
metals in soil Zn 5.13x10° 7.31x10° 3.29x107 4.69x107
Be 9.52x10™ 2.27x107 5.55x107 1.32x10™
100 — - = As
90 I I = g N B N B ﬁrl Ba 7.44x10° 1.13x107 4.38x107 6.63x107
. 80 n s Su Mn 9.70x10° 1.92x107 5.77x1072 1.14x107
=70 = Cd
L = Hg v 1.14x107 1.69x10™ 6.02x10™" 8.93x10°
@ = Pb
g 50 =B Co 8.96x10™" 1.45 5.71 9.24
= 40 = Ba
ﬁﬁ 30 LB se 5.74x10™ 1.36x107 3.70x107 8.75x107
A = Co -2 -1 -1
20 I . Se Sb 6.23x10 1.94x10 3.98x10 1.20
10 | | Mo
. .m B N, . ) - N NN _?_:) B 3.17x10™ 6.28x10™ 2.10x10°° 4.14x10°
W1 W2 W3 W4 HL H2 :3 Bl B2 B3 B4 - T 5 55%10° 1.56x107 3.56x10°
KERRS
THI 3.27 6.49 20.49 40.70

Figure 4 Contribution rates of metal pollutants at sampling points

4 ERERERSRYIEER

[3¥1HQ 8 THI B > 1 BELEER TR,

wWww.jeom.org


www.jeom.org

#4557 &% | Journal of Environmental and Occupational Medicine | 2023, 40(8) 929

R 3 HARILENBUEERBERITNER

Table 3 Carcinogenic risks of selected metals for children and

adults
A ACR JLEECR

ﬁE Iz = Tz =

> X =) 4

TE =AE THE =AE

cd 3.21x10 5.44x107 5.17x107 8.75x10”
As 2.70x10™ 7.52x10™ 4.12x10™* 1.15x10°°
Pb 2.03x10°° 2.79x10° 3.27x10° 4.48x10™°
cr 9.96x10~ 1.67x10™ 1.55x10™ 2.60x10™*
Ni 3.70x10™ 8.95x10™ 5.83x10™* 1.41x10°°
Cu 2.48x10™ 3.58x10™ 3.91x10™ 5.65x10™
Be 7.32x10°° 1.55x10™ 7.32x10°° 1.74x10™
TCR 1.10x10°° 1.77x10°° 1.67x10°° 2.65x10°

[ 3£ ]CR B TCR 1& > 1x107™* & LURIE R T,

KR RERRAWMNEAREST BENEHITIE
ZE 2BMEENESTR, IEREFERGEATHRE
FoRF|EEKT, MRBRRIEHLERRKRIA, 5 30 RE
A TIEE SEMEL, TIERET 2 AREEMN
Bf, HELEHRE e MERBTETHELERAE, R
BAZARNTIMEES, SRABRET R ALK, 7
BRI R AERE A F A N ESHE R, GB 15618—
2018 (HIBIMR R E WAM LIRS E XL EITIRE)
BHERBAREN TR FEENESE BN, BF
REGUgEsHIEARIRELSFEZENX; KT
XEEEGEN, BAKTRILTEAHERERLESINE,
RN EBEFHITIRMIEMET R EITH . I
MERKRPXLEH M TIENEBRERS, NFEE
ZHVE, BININIRYT TS Ze a9t R EVKR Z 8190
BEMIBEME, RERTRE S

B[R F 5 R HORE T 1B 5 F NG I & E A 1T
ADFEALMEN T IBREAATFRENSLIE, BE
FiLZELZ2XKRER, SHRRRIENLERMEL, v,
Be. B. Ba. Mo. Tl TEEFRHEREAFSRITEN AN S
RAERBRERS, HAXLEEERATELERRRR
BRE, BEBE T REXPIRE, FZMKE; He. Sb
TR R A FIEHTN AREESS, WAELIEH
BEELR, BEEBIEMENLLFIRS. TILERMR
KRIBFE R EREFIEECETMN, cd BRI +H™E,
HORZ Pb. As. Ni\ Cu. Zn. Se. Co ;5 %™ & HiB+REA
T GEULAMHSRITENG R, LB 50%HF ik
HEENUEBRAGE, SRETENEREN Cd.
Se. Pb. As. Hg. Be. B. Mo. V. Ni. Cu. Pb. Zn. Co #0
Bao As @ IZH A XRIMAEFENEEM S, S LAFEMELL,

As SRR EEHERSHERNOHNEERER",
BB FT &I T Se. Co. Sb. Bi. Mo. Be. V. B X 8 fhs&
BEFEREESEHNE BT, FTE XF S Be. Cd. B.
As. Mo. V BTSRRI, ARERKRA, 2B LR
MR E, B TIEC DR HESBIARRANE L, 158
BEYIXT & BT RN, REEEEE R YR A K
%, MEE AR EES,

Co ;54T ) LEMIERUER X FIEART] 5.71, XTAL
AFHEBUE X PO R AEIXRE] 1.45, FHEAA ZIAE
BN, ROBANNEFEZRZRE, LaTARRLD
XF Coim%, Pb TR LEGERAK, AR
EMEFEERER ALK MO LE MR R &S
Pb B ES, BIFEURMEBIIXEA, i XK
B Pb TN LERENREEERFXE. N, HRA
MEEITEXN) L EEMNBREXRSTFRA, SUE
MR—", ZE)LEXNT ASBSEAXBRZ BRI
PEIR IZEESBHOIEMEX, IR BET A Rk
FiES HEHEBELEHATS, NEESHRMK
ABHER, RFRRESF, BR) | ERSEXTE
FAIMEZOBRBN SR, Ea 58RI NMNERRK
A&, TIBET Cd SRETE, BEX AR RN QT
FAERHE, RMSRIE RN Cr. Co. SbHRK
HREXEAT 2, BRI R, RINKEFEEERE
BRABN, AEFEZEZTWNFALIE cr F Ni F5
MR AV TS L4, BN 440 F AR XS ERAFE AYS K Fs
ELUFHRRA, —RBUZY) Be ISR ABEIEM, &K
TAERR A LTIE Be FSFIAREE, Holgetgm
BEMRBIIX L, Cd. Se. Hg. B« Mo. V. Zn Fi5 %
TENEEHARRIBENR, HRETIXE

TNEAEET BEN KBTI ERIZHER
754, Cd. Se. Pb. As. Hg. Be. B. Mo. V. Ni. Cu. Pb.
Zn. Co 1 Ba J5 ™ &, Ni. As. Cu. Cr. Be F;57F
TEBUEE@EEIXS, M As. Co. Cr. Pb. Sb BUSTRIFTE
EREMREX, BEIREMN,. TIESRSRTIE
MR TIBA D MRESELMARERT M, TI1EFH
HNEBTRIE. EYERSEENEYRIKE 28]
XAREHR, FHERBREXMITHEESERHTE
MMBEERMY, RRNARZNREEHRE N
&, RNIRBE B ITEX AR SR BERE,

SEXEL
[ 1] BREES, FOIBE, (MBRlE, &, (2ETESEWRNATLR) HFF 0] R
WIRBRIZ 2R, 2017, 36(9) : 1689-1692.

www.jeom.org


https://doi.org/10.11654/jaes.2017-1220
https://doi.org/10.11654/jaes.2017-1220
www.jeom.org

930 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2023, 40(8)

CHEN N C, ZHENG YJ, HE XF, et al. Analysis of the Report on the national
general survey of soil contamination[J]. J Agro-Environ Sci, 2017, 36(9):
1689-1692.

[ 2 1 CARLON C, CRITTO A, MARCOMINI A, et al. Risk based characterisation of
contaminated industrial site using multivariate and geostatistical tools[J].
Environ Pollut, 2001, 111(3): 417-427.

[3]LI G, SUN GX, WILLIAMS PN, et al. Inorganic arsenic in Chinese food and
its cancer risk[J]. Environ Int, 2011, 37(7): 1219-1225.

[41YANG Q, LI Z, LU X, et al. A review of soil heavy metal pollution from in-
dustrial and agricultural regions in China: pollution and risk assessment[J].
Sci Total Environ, 2018, 642: 690-700.

[5]1LIUG, WANG J, ZHANG E, et al. Heavy metal speciation and risk assessment
in dry land and paddy soils near mining areas at Southern China[J]. Environ
Sci Pollut Res Int, 2016, 23(9) : 8709-8720.

[ 6 1 ZENG F, WEI W, LI M, et al. Heavy metal contamination in rice-producing
soils of Hunan province, China and potential health risks[J]. Int J Environ
Res Public Health, 2015, 12(12) : 15584-15593.

[ 7 1FALTA MT, CRAWFORD JC, TINEGA AN, et al. Beryllium-specific CD4* T
cells induced by chemokine neoantigens perpetuate inflammation[J]. J
Clin Invest, 2021, 131(9) : e144864.

[ 8 1 DINH QT, CUI Z, HUANG J, et al. Selenium distribution in the Chinese envi-
ronment and its relationship with human health: a review [J]. Environ Int,
2018, 112: 294-309.

[ 91 RAYMAN MP, WINTHER KH, PASTOR-BARRIUSO R, et al. Effect of long-
term selenium supplementation on mortality: results from a multiple-
dose, randomised controlled trial [J]. Free Radic Biol Med, 2018, 127: 46-
54.

[10] AL-ABCHA A, WANG L, REILLY M, et al. Work-related asthma in cobalt-ex-
posed workers[J]. J Asthma, 2021, 58(8): 1032-1041.

[11] ZHANG S, HOLY CE, EICHENBAUM G, et al. Carcinogenic assessment of
cobalt-containing alloys in medical devices or cobalt in occupational set-
tings: a systematic review and meta-analysis of overall cancer risk from
published epidemiologic studies[J]. Regul Toxicol Pharmacol, 2021, 125:
104987.

[12] CAVALLINO V, RANKIN E, POPESCU A, et al. Antimony and sleep health
outcomes: NHANES 2009-2016 [J]. Sleep Health, 2022, 8(4) : 373-379.
[13] X%, (AI%RKE, &5 E, & zREN KRS T EESERZRNEITN

D], BRI, 2022, 43(2): 936-945.

LIU Y, HE ZH, NIU XK, et al. Health risk assessment of soil heavy metals in
a small watershed of a mining area in Yunnan [J]. Environ Sci, 2022, 43(2):
936-945.

[14] 5%%, %M, AR E, . Al V@AY BUtXK HEH D B R R~ A
TR [1]. A SR, 2010, 21(11): 2946-2951.

LI LF, ZENG XB, BAI LY, et al. Soil arsenic content and its health risk as-
sessment for agricultural products in the region surrounding Shimen arsenic
sulphide mine [J]. Chin J Appl Ecol, 2010, 21(11) : 2946-2951.

[15] X5, BAEHR, BER. Al MESEY X5 RKFERXEITN D]. #rE
BHRAFZIR (BARFRR), 2020, 35(4) : 96-102.

LIU W, HU JD, LU GH. Assessment of arsenic contamination and risk in
Shimen Realgar mine[J]. J Hunan Univ Sci Technol (Nat Sci Ed), 2020,
35(4):96-102.

[16] fEmE . HRESEHSA T LEEEXMNIGIHRR —— A THE
B AfID]. & &: AR AR, 2020.

LU Nanjia. Planning and design of soil remediation area guided by rural
complex: a case research of Shimen Realgar mining area[D]. Qingdao:

Shandong University of Science and Technology, 2020.

[17] BHER, BEA. PR tEERERMRAE M. LR PERRRZ
HiARAL, 1988: 169-275.

PAN Y M, YANG G Z. Soil background values and research methods in Hunan
province [M]. Beijing: China Environmental Press, 1988: 169-275.

[18] F¥XX /B, BN, FRIFE, &. i TIEIFIRE REMAR L] FREFIRS
M, 1991, 5(3) : 140-143.

QI WQ, CAO JS, CHEN YL, et al. Research of boron background value in
soil environments[J]. Arid Environ Monit, 1991, 5(3) : 140-143.

[19] LI H, YANG J, YE B, et al. Pollution characteristics and ecological risk as-
sessment of 11 unheeded metals in sediments of the Chinese Xiangjiang
River[J]. Environ Geochem Health, 2019, 41(3): 1459-1472.

[20] KAMUNDA C, MATHUTHU M, MADHUKU M. Health risk assessment of
heavy metals in soils from Witwatersrand gold mining basin, South
Africa[J]. Int J Environ Res Public Health, 2016, 13(7) : 663.

[21] CHANG A C, PAN G, PAGE A L, et al. Developing human health-related
chemical guidelines for reclaimed waster and sewage sludge applications
in agriculture[R/OL]. (2001-01-01)[2022-07-20]. https://www.research-
gate.net/publication/241433318.

[22] XUFHFS, XI3E, 8. 1RSSR ELIRITENNK D], WAHER,
2015, 29(2) : 390-396.

LIU DD, LIU F, MIAO DR. Optimization of soil heavy metal sequential ex-
traction procedures[J]. Geoscience, 2015, 29(2) : 390-396.

[23] CASTRO-GONZALEZ N P, CALDERON-SANCHEZ F, MORENO-ROJAS R, et al.
Health risks in rural populations due to heavy metals found in agricultural
soils irrigated with wastewater in the Alto Balsas sub-basin in Tlaxcala and
Puebla, Mexico[J]. Int J Environ Health Res, 2017, 27(6) : 476-486.

[24] XIAO X, ZHANG J, WANG H, et al. Distribution and health risk assessment
of potentially toxic elements in soils around coal industrial areas: a global
meta-analysis [J]. Sci Total Environ, 2020, 713: 135292.

[25] KUMAR V, PARIHAR RD, SHARMA A, et al. Global evaluation of heavy
metal content in surface water bodies: a meta-analysis using heavy metal
pollution indices and multivariate statistical analyses[J]. Chemosphere,
2019, 236: 124364.

[26] WU S, PENG S, ZHANG X, et al. Levels and health risk assessments of
heavy metals in urban soils in Dongguan, China[J]. J Geochem Explor,
2015, 148: 71-78.

[27] L1 Z, MA Z, VAN DER KUIJP TJ, et al. A review of soil heavy metal pollution
from mines in China: pollution and health risk assessment[J]. Sci Total En-
viron, 2014, 468-469: 843-853.

[28] DU B, ZHOU J, LU B, et al. Environmental and human health risks from
cadmium exposure near an active lead-zinc mine and a copper smelter,
China[J]. Sci Total Environ, 2020, 720: 137585.

[29] WILDING L P. Spatial variability: its documentation, accommodation and
implication to soil surveys[M1]//NIELSEN D R, BOUMA J. Soil Spatial Vari-
ability. Wageningen, Netherlands: PUDOC, 1985.

[30] Xf, RRIF, EFL, F kOB K TEESRSRPINEZE DR
FHIE D] MRS, 2016, 37(1): 270-279.

LIU S, WU QY, CAO XJ, et al. Pollution assessment and spatial distribution
characteristics of heavy metals in soils of coal mining area in Longkou
City[J]. Environ Sci, 2016, 37(1) : 270-279.

[31] 178, BRIz, XN, . Al BBV ANRBAT EESESRNERER
M [J]. T1%, 2016, 48(6): 1172-1178.

YANG M, TENG Y, REN W, et al. Pollution and health risk assessment of
heavy metals in agricultural soil around Shimen Realgar mine[J]. Soils,
2016, 48(6): 1172-1178.

(T#%% 980 I0)

wWww.jeom.org


https://doi.org/10.11654/jaes.2017-1220
https://doi.org/10.1016/S0269-7491(00)00089-0
https://doi.org/10.1016/j.envint.2011.05.007
https://doi.org/10.1016/j.scitotenv.2018.06.068
https://doi.org/10.1007/s11356-016-6114-6
https://doi.org/10.1007/s11356-016-6114-6
https://doi.org/10.3390/ijerph121215005
https://doi.org/10.3390/ijerph121215005
https://doi.org/10.1172/JCI144864
https://doi.org/10.1172/JCI144864
https://doi.org/10.1016/j.envint.2017.12.035
https://doi.org/10.1016/j.freeradbiomed.2018.02.015
https://doi.org/10.1080/02770903.2020.1759090
https://doi.org/10.1016/j.yrtph.2021.104987
https://doi.org/10.1016/j.sleh.2022.05.005
https://doi.org/10.13227/j.hjkx.202105114
https://doi.org/10.13227/j.hjkx.202105114
https://doi.org/10.13287/j.1001-9332.2010.0391
https://doi.org/10.13287/j.1001-9332.2010.0391
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.13582/j.cnki.1672-9102.2020.04.014
https://doi.org/10.1007/s10653-018-0230-9
https://doi.org/10.3390/ijerph13070663
https://www.researchgate.net/publication/241433318
https://www.researchgate.net/publication/241433318
https://www.researchgate.net/publication/241433318
https://doi.org/10.3969/j.issn.1000-8527.2015.02.024
https://doi.org/10.3969/j.issn.1000-8527.2015.02.024
https://doi.org/10.1080/09603123.2017.1386767
https://doi.org/10.1016/j.scitotenv.2019.135292
https://doi.org/10.1016/j.chemosphere.2019.124364
https://doi.org/10.1016/j.gexplo.2014.08.009
https://doi.org/10.1016/j.scitotenv.2013.08.090
https://doi.org/10.1016/j.scitotenv.2013.08.090
https://doi.org/10.1016/j.scitotenv.2013.08.090
https://doi.org/10.1016/j.scitotenv.2020.137585
https://doi.org/10.13227/j.hjkx.2016.01.035
https://doi.org/10.13227/j.hjkx.2016.01.035
https://doi.org/10.13758/j.cnki.tr.2016.06.016
https://doi.org/10.13758/j.cnki.tr.2016.06.016
www.jeom.org

980 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2023, 40(8)

and prostate specific antigen of male albino rats (Rattus norvegicus)[J].
Ecol Saf Bal Use Res, 2019, 1(19): 43-52.

[80] SEPEHRIMANESH M, SAEB M, NAZIFI S, et al. Impact of 900 MHz electro-
magnetic field exposure on main male reproductive hormone levels: a
Rattus norvegicus model [J]. Int J Biometeorol, 2014, 58(7) : 1657-1663.

[81] ERDEMLI C, OMEROGLU S, SIRAV B, et al. Effects of 2100 MHz radio fre-
quency radiation on ductus epididymis tissue in rats[J]. Bratisl Lek Listy,
2017, 118(12): 759-764.

[82] 2R%%. 220 MHz BRIV IR IR G SR 5T XS A RAE F BR 2 BRI R M BIHR T
[0]. AR: HEARBHREZTEFEEKT, 2019.

GUO L. Effects of 220 MHz radiofrequency radiation on sperm quality of
rats[D]. Xi’an: Air Force Medical University, 2019.

[83] DONG G, ZHOU H, GAOQ Y, et al. Effects of 1.5-GHz high-power microwave
exposure on the reproductive systems of male mice[J]. Electromagn Biol
Med, 2021, 40(2): 311-320.

[84] TIRPAK F, GREIFOVA H, LUKAC N, et al. Exogenous factors affecting the
functional integrity of male reproduction[J]. Life (Basel), 2021, 11(3):
213.

[85] SCHUERMANN D, MEVISSEN M. Manmade electromagnetic fields and ox-
idative stress-biological effects and consequences for health [J]. Int J Mol
Sci, 2021, 22(7): 3772.

[86] MEVISSEN M, SCHURMANN D. Is there evidence for oxidative stress
caused by electromagnetic fields[EB/OL]. [2022-12-02]. https://ehtrust.
org/wp-content/uploads/Newsletter-BERENIS-Special-Issue-January-2021-
1.pdf.

[87]1 NAZIROGLU M, YUKSEL M, KOSE SA, et al. Recent reports of Wi-Fi and
mobile phone-induced radiation on oxidative stress and reproductive sig-
naling pathways in females and males[J]. J Membr Biol, 2013, 246(12):
869-875.

[88] 114K, THER, BWEVL. SR BHIB N LB RAXMNAR T E
[]. B 56224, 2014, 31(8): 734-737.

DU L, DING GR, GUO GZ. Effects of radio-frequency electromagnetic radi-
ation on male reproductive system: a review of recent studies[J]. J Environ
Health, 2014, 31(8): 734-737.

[89] ZOSANGZUALI M, LALREMRUATI M, LALMUANSANGI C, et al. Effects of ra-
diofrequency electromagnetic radiation emitted from a mobile phone
base station on the redox homeostasis in different organs of Swiss albino
mice [J]. Electromagn Biol Med, 2021, 40(3) : 393-407.

[90] PINTUS E, ROS-SANTAELLA J L. Impact of oxidative stress on male repro-
duction in domestic and wild animals[J]. Antioxidants (Basel), 2021,
10(7): 1154.

[91] OSKOUEI K, KHODAHEMMATI S, SU X, et al. Cell biological effects of long-
term exposure to electromagnetic field of simulated mobile phones[J].
IOP Conf Ser:Earth Environ Sci, 2022, 987(1) : 012015.

[92] GUR FM, KELES A i, EROL HS, et al. The effect of 900-MHz radiofrequency
electromagnetic fields during the adolescence on the histological structure
of rat testis and its androgen and estrogen receptors localization [J]. Int J
Radiat Res, 2021, 19(1) : 135-144.

[93]LIU Q, SI T, XU X, et al. Electromagnetic radiation at 900 MHz induces
sperm apoptosis through bcl-2, bax and caspase-3 signaling pathways in
rats[J]. Reprod Health, 2015, 12(1): 65.

[94] DIAB YA A, ALGHANNAM MA A, GOMAA RS, et al. Protective effect of vi-
tamin d against harmful effect of cell phone radiation exposure on albino
rat testis[J]. Ann Rom Soc Cell Biol, 2021, 25(6): 5119-5128.

[95] ABURAWI S M, ALKAYED F, SHIBANI N, et al. Effect of mobile phone radia-
tion on reproductive system and behavior using male albino mice[J]. AlqJ
Med Appl Sci, 2021, 4(1) : 40-47.

(FCRiE DR, BERE . DR)

(L3%5E 930 )

[32] B, NFE, 5T, & AERBRESKHIEIRESERST
BREAHERESKIGITMN L], FFIERIE, 2021, 42(8): 3913-3923,
TANG SQ, LIU XJ, YANG K, et al. Migration, transformation characteristics,
and ecological risk evaluation of heavy metal fractions in cultivated soil
profiles in a typical carbonate-covered area[J]. Environmental Science,
2021, 42(8):3913-3923.

[33] &, &M, BEM, & KO TEBELHETEESBESKLITMN
[]. B IE, 2020, 38(5) : 202-209.

CUI'Y, BAI LY, LONG YL, et al. Ecological risk assessment of heavy metals

in soils of Lianhua Town in the suburbs of Changsha[J]. Environ Eng, 2020,
38(5):202-209.

[34] WU H, YANG F, LI H, et al. Heavy metal pollution and health risk assessment
of agricultural soil near a smelter in an industrial city in China[J]. IntJ En-
viron Health Res, 2020, 30(2): 174-186.

[35]1 XIAO Y, GUO M, LI X, et al. Spatial distribution, pollution, and health
risk assessment of heavy metal in agricultural surface soil for the
Guangzhou-Foshan urban zone, South Chin0.3[J]. PLoS One, 2020,
15(10): e0239563.

TR; RELR : TER)

wWww.jeom.org


https://doi.org/10.1007/s00484-013-0771-7
https://doi.org/10.1080/15368378.2021.1891091
https://doi.org/10.1080/15368378.2021.1891091
https://doi.org/10.3390/ijms22073772
https://doi.org/10.3390/ijms22073772
https://ehtrust.org/wp-content/uploads/Newsletter-BERENIS-Special-Issue-January-2021-1.pdf
https://ehtrust.org/wp-content/uploads/Newsletter-BERENIS-Special-Issue-January-2021-1.pdf
https://ehtrust.org/wp-content/uploads/Newsletter-BERENIS-Special-Issue-January-2021-1.pdf
https://doi.org/10.1007/s00232-013-9597-9
https://doi.org/10.1080/15368378.2021.1895207
https://doi.org/10.3390/antiox10071154
https://doi.org/10.1088/1755-1315/987/1/012015
https://doi.org/10.29252/ijrr.19.1.135
https://doi.org/10.29252/ijrr.19.1.135
https://doi.org/10.1186/s12978-015-0062-3
https://doi.org/10.13227/j.hjkx.202101066
https://doi.org/10.13227/j.hjkx.202101066
https://doi.org/10.13205/j.hjgc.202005035
https://doi.org/10.13205/j.hjgc.202005035
https://doi.org/10.1080/09603123.2019.1584666
https://doi.org/10.1080/09603123.2019.1584666
https://doi.org/10.1080/09603123.2019.1584666
https://doi.org/10.1371/journal.pone.0239563
www.jeom.org

