CF5 50

Eco-Environmental
Knowledge Web

4

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 collen kDY
HU A | NGRKEXUE

Fe(l1)+Cr(V1)—— Fe(ll1)+Cr(Ill)

f\..f’ﬂ

B Eh RERSRESKEHRS -
TNV ERN & 2021%F9K

$42% HBoM
Vol.42 No.9




W % A3 A% HoM

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 46 9 A 15 H

H K

Jt5TT 2014 ~ ZOZOEPMZSW 0, Efzﬁ}ﬁﬁﬁﬁyimﬂzfﬁ ............................................................... ﬁc**, A jE, fﬁ?[%;ﬁ: (4071)
ORI DX 5 AP B PM, MO 28 A AP wovvveevoeeenenennons W, RES, AW, KES, AE, FXE TWH,TT (4083)
BRI 4 2 IO BEHE 5 G A PM, (TG YESHI wovreversesssessensinciie, %gﬁ’i%%,%ﬁ@,iﬁ%(m%)
AT P S R IRTT BB --vvvvesvsmvvnessscnn IR, B, AU, BT, FUH, Ko (4104)
BB L BRE URBE I SIORBT errerrerreereeeeeee Kk, £H, RHEE, B, £R, REA, HEH EF, ﬁ(mm>
SETHLA 2 B B N XTI R 2 SRR M ORI oo R1, BRA, HAIW, KEF (4126)
%%ﬁkﬁijﬁﬁégﬁgéﬁﬁﬁiﬁﬁﬁﬁﬁﬁﬁm@ .......................................................................................

................................................... NAEE, BHH, AW, REE, BEE, AEE, 4FH, YIEE, FEH, £33 (4140)
TP S VAT P B A B AL I ZE T ARAE, +vveeeveeemee et W, T, Xk, 5], MeEw, A (4151)

KHET 2020 AF 4 5 {5 Y B OB ORI BOHORE - UM, HECE, 7, BTA, ARE, T, aF, AR, Eil (4158)
oo I 25 L 2 DR SR B R B RN ZE wovvevreemsemnsemsems e s

............................................................... T‘IE ﬁlh ﬁ]ﬂ@ Eﬂ—ﬂg ﬁﬁpﬁiﬂé u+ ;ﬁﬁ %7?,%7 ﬂ' é/{‘/\ EH’TE /ﬁ;f/ (4168)
T S YAFIE BT AL B BT I ooresoerssoorssoens KAM, B, LR, A, B0, BHHE, K (4180)
}ﬁE?L:ﬁ?J‘I‘[@}E%%Ej(WVOC% V5 L tf E%}E/ﬁ ...................................................... Z{% ?Ei;fgp %Eﬂﬁa{ ﬁjﬁ ?Mg%% (4191)
R LMK T AR BILHIE ST oo AR, A, U8, E2%, ££6, KEE (4202)
TV T WA R I 23 5 B IR PR ZEFL] v veeeeeermeemeemennieiie s BRK, %L g;ﬁ R, B (4211)
SR A LTRSS R T MR SRR TR BE%, B, 3, E 0, REE, 155, k% (4222)
T T A A T A SR 25 0T JLTGETTH «evereereermemmemmesenienin s BRE ERMA,TE, T, Y (4234)
T I T KT BT BB R o vvovvesesovonens WA, BAK, S8, FkE, GHE, LR, AT (4246)
Fe T R T K e IR ATEEE S BRHERUR I o vvvveeess oo i, BAT, B, ARE, FEF, HEL, THE (4257)
LN CINVAE S L B L R R AL e A 5 17 S SRR IR e, BRAR, ZTIiL, 9K, RaM, §iF (4207)
(DA 3B 123 2 REE. S Vich w78 1 IR A, RR%, ZBH, BTHE, RET, KU, xH, wAK (4275)
IR X N B Y S LR R B XU T M T ZE 0T oo evvermmeemmeemmme e B KRG, maE (4287)
K FTE BRI ) X PR TR M A SR A T B EURIRIMT  +vveveverereremeemme oo Fa, KR, AW, FEF (429)
?@AIﬂkﬂﬁﬁ/F %E/ﬁﬁ’fh;&%} .................................................................................... %’#X Eff@é ﬁ—\%, #Eﬁ%ﬁ (4304)
4%;}&@@*&%;@%[@%@ R{EE/ m;ﬁ% ............................................................ %IE E/dg%t i;}}(i E/gj fﬂﬁi (4311)
KA S R 1V EVE A SR SRR AL TRV XA AT DL I B, - BHE, R, RE =, KEH, TS, thk, 22, FB (4319)
*ﬁi%ﬁéﬁ:mﬂ(hmEPE’JRW?%:’:HW%W%ﬁ ........................................................................... fﬂﬁgﬂ Eﬁ%‘ /E%E/L\ (4332)
T ) [ U0 B U AR R IR AR oeereemeeeemnmsems s Exm, KAQ, -5, FFE, FEN, KiF, BEE (4341)
2ok A AR S R BHE WS ( Scenedesmus obliquus ) Az & BIFE BTN B HAEFHBLE] «oooovveeersmmns MW, KD (4350)
RTER: R KA I AR T B TS 1 K BTRIE S B R Z I DGR AP oeveeeevemneeeeees AR¥z, ZEH, TVE, #E, HIRE (4358)
%Ag{xﬂiﬂ@: ﬂ’ﬂﬁﬂﬁﬂ/ﬂ)& &1}J¢%g$gmﬁﬁun ................................................ [;;7‘21‘, EKWB@ ﬁ;}yp% E}]Légﬁ)]g F L ;fﬂ (4366)
VAR SE N IRBR IR TTT 15 7K AL B AR G I R E R S U E MRV B SO0 oo WEE, BE, HE, TRE, 2ME (4374)
() 5k FE RS T 45 %8 SRT AL A2 SNEDPR RGEARIREE vvvvrerrerrmrmmmmmim, 5&5?‘:}, ?K F % ®A (4383)
HE M 2R 5 H A A SRS ST <o v evevereerereereeeeen e FHE, BLF, KF, TBE, 5B, KOE (439)
4B T KO B RS B B U IURLTE TR B R IIBAI e veeereereemsemmesmenmntent sttt B4 HEW, iﬁ KA (4399)
RTS8 BSEURHIEE 5 5 X HEUE O P V5 KR P LB IRE RGBT oo EXH, B4, Bk, KA (4406)
o R A X 42 TP SRR X T G ARG Meta M oo Kk, BOA, KA, LE, AAK, BiF (4414)
R IR ST R I SR A AT oo BEE, E%, T90, KEE, AR, ABE, FT% (422)
SR8 C I RN E PO il T O D% E 13 S Al 3 R KHE, HAE, MEF (432)
O M R A A ) B A AR AR IR+ veveeermmmmee et

............................................................... EE%—T’, ﬁ@/ﬁ’ //rtilig’ E{i!ﬁ}‘i’ ‘51&@, ij:ﬁ, }%@E, gg;g*%’ 7‘&}51}( (4441)
AU BRI A LS KA R BB EZ R oo Bk, A, TF4E, 0%, A&k, BRE, S8, BHE (452)
R R ZE M B 30X AR 5 e KRR A KT A RIS EAIF] v vvevveermermemmemmmene et #FE, BT, BB (4462)
1 BB R A AR T R-13 B3 B S 8 R ZE MR A ST T EAII ++evereervesereenesesiesiet ettt bbbt

.................................................................. EA, MR, Bk, THE, R, AMF, EwE, BEY, KKk (471)
R THE X A5 BT A T 2 S VS L IR o vrevrevsevsemsemsemsenssssemssmssni s WM, o, KL, 6, A, KE (4481)
I_Jl_ifﬂljrﬁ*ﬁﬁj:ﬂ)?Lﬁﬂ%[ié@ﬁﬂ@ﬁg%ﬁﬁ ........................................................................... X]JEB‘ZL;T'JQ, ijﬁjﬂt}\é (4489)
ﬁﬁfﬁi%i{@(&XTﬁiﬁ:&ﬂ:itﬁﬁgﬁ']gunﬁt% ................................................ g[}laﬂ, {g‘cﬁﬂ, E}L’ ﬁ;ﬂg, ﬁuunagﬂ (4500)
NI SR UP T SRR & T S LR, WF, FE, BEE, ERE, BEHK (4510)
FL B U A 5 B B e VD) BB oo BB, BB, FUML, 9, B4, AT, shiEsk, B EAL (4520)
WK 25 5 0 B [ BTG TSI+ vvereenmemeneenenesinnsnnsnn e ERMP, KT, B, MBS, Ei% BT X, FHIF (4527)
SUIRAMFEUCH BRI BT K N, O HERLRGN oovssvovve o HWA, £, MHE, A%, T, GEE, 5 (4538)
MENH,” -NAEY) 5T 13 N, O-N HERCR NH, -N FELIIFEM oeeeeeeees Dpefl, ES, REE, FEX, X, FHEF, H¥EHE (4548)
OBARRER XA B TSR U LR oeereeeresesesrmsseeenns KAEL, BEM, T, £&, ®w, WG, A, Y (4558)
1985 ~2019 4 & R FEBEARE AL A VI S YI BRI - oeeeeeee FhE, REX, BHE, £8%, T¥4E, REF, KFEHE (4566)

(MRRIEEVEIT 3 (4201)  (RIERLE)IERA R (4340) 155 (4382, 4537, 4565)



)
er_j;ﬂrﬁ In BB R = 554245 S50 20214F9 1

Eco-Environmental
Knowledge Web Environmental Science Vol42,No9 Sep.,2021

&M F Bt TKE S BRI AR X 0

IR RPN, BHC, BRA?, BT, KR, 2aE
(1. A E TR 2 (0 B 545 B Ok, S 430074; 2. rt@lﬂﬁﬁﬂéﬁ&&i&ﬁiﬁﬁmb, B 430205)
TEE . H T OKEE SR AR DR A S I e RURS: DA | 2 Al S0 8 ) 0 455 A 8 v B A DG Y MR A DR i IR B —. ol T i B8 M2k
LT KIAEDIRGL , SR AE 44 (R R KBRS, IE M1 T Cr, Mo, Cu, Zn. As., Cd. Hg F Pb JCZE A ¥ BE 128 (8] 00 A RFAIE , 3138
FEAH G 2 B0RN 2 053 A AR T 4 R 7K 4 SRR, 55 45 G (R JXUIRS: A5 TR Kok AN [ 4 420 T 5| e % £ s JXURS: i AT 0. 5 2
FH.@ Bk As, Mn Hl Cd 4b, F M85 T K E 4B T R W F-BE R BT T 20K PR (GB/T 14848-2017) . (@ ks ]
A3 AT T B 2SR 25 50k IRE R T, B #FoE X 8 P & )& v g B 3 Fp 43 (PCs) , PCI(Cu, Zn, Cd Al
Pb) FEB R T AL K AZE R F, PC2(Cr, Mn F1 As) EZh BEREM AR EF T, PC3(Hg) EZ R AAREET. @5 X
A5 4 a8 0 R R XU 35 70 AT 4552 Y RN, RN B XU v T L, DR S A3 A9 XU v 7 2 UK B 4. ORI N 48 = & S T
SRHL T KGR, A il G SR U LA A A1 £ e JR U
KR HTK; EEE,; RIEFENT; XETE
FESES. X524; X820.4 XHAHRIZAD: A XEHS . 0250-3301(2021)09-4246-11 DOI: 10.13227/j.hjkx. 202101147 L~ ;

FT

Source Analysis and Health Risk Assessment of Heavy Metals in GroundWatei‘ of

=

Leizhou Peninsula & J ', o
SHI Huan-huan', PAN Yu-jie', ZENC Min® “,“. ‘HUANG Chang-sheng2 3 HOU\\\Qin‘g-qinl , PI Peng-cheriﬂgl ,,PENG
Hong-xia' * L | 57 Ta ¥ SV g

(1. SLhool of Gqurdphy Jid Information Engm,eer,mg /Chu}a Unlverslty of Geosuences Wuhbn §3OQ74 China; 2. Wuhdn Center of
Chlna Geolowlcal Survey, Wuhan 430205, Chifa) “ =

Abstract; Source 1dent1f1cdt10n and health!risk dsseSsment of hedvy metals in groundwa(‘er is one of the key issues in China’s new era of
enyironmental management In order to reveal the stat‘us sources, and health risk 'of pollutants in groundwater of the Lelzhou
Penlnsula /44 groundwater samples were qollected and the concentrations and spatial distribution of Cry Mn, Cu, Zn, As, Cd, Hg,
and/Pp were med‘slpred and analyzed. The soufces of heavy H}Ctdlb dn groundwater were then determined through correlation coefficient
and prlnmpal component analysis. Finally, the health risk miodel was used to evaluate the different health risks associated with these
heavy metals The results showed that the average value of heavy metal elements in groundwater of the Leizhou Peninsula does not
inferiorto the class I water quality standard( GB/T 14848-2017). However, As, Mn, and Cd do not meet the standard. The overall
spatial distribution indicated obvious spatial differences, with higher values in the south than in the north. Heavy metal sources can be
identified as three principal components (PCs). PCl (Cu, Zn, Cd, and Pb) metals mainly originate from industrial, agricultural, and
traffic sources. PC2 (Cr, Mn, and As) sources can be both natural and man-made, and PC3 (Hg) sources are primarily man-made.
For the groundwater of the Leizhou Peninsula, the health risks of 8 metals are with the acceptable range, the carcinogenic risk of adults
is higher than that of children, and the risk of drinking exposure is higher than that of skin exposure. The study shows that the
environmental protection department should encourage the rational exploitation of groundwater resources and control the sources of
pollution to reduce health risks.

Key words : groundwater; heavy metals; source analysis; risk assessment
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Fig. 1  Groundwater sampling points in Leizhou Peninsula
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Table 3 Analysis of heavy metal concentration in Leizhou Peninsula

. V-2 [ e/ IME YN b i Ll Y SESIES
TR /:Egiij{% /,JLL:%*I /i—gfL{% /i—gj-(L{% /ﬁgﬁ% lj%gﬁ iz e ig;jﬁ
Cr 5.50 4.37 1.63 15.58 3.04 55.27 1.50 2.42 10. 00
Mn 93.25 27.55 0.53 1081. 00 219.99 235.91 3.96 15.75 50. 00
Cu 18.21 3.63 0.56 478. 60 72. 54 398. 35 6.25 40.20 50. 00
Zn 1.59 0.97 0.36 7.20 1.63 102. 52 2.05 3.70 500. 00
As 1.85 0.45 0. 00 24. 60 4.77 257. 84 3.82 14. 62 1.00
cd 1.04 0.25 0. 00 7.30 1.82 175. 00 2.52 5.65 1.00
Hg 0.03 0. 00 0.00 0.10 0.05 166. 67 0.93 -1.19 0.10
Pb 2.24 0.29 0.02 18.31 4.26 190. 18 2.51 5.65 5.00
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Fig. 2 Spatial distribution of heavy metal concentrations
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Table 4  Correlation coefficients between heavy metals in groundwater from the Leizhou Peninsula

Cu Mn Zn Hg Cr As Pb Cd
Cu 1
Mn -0.001 1
Zn 0. 044 0.505 ** 1
Hg -0. 100 0.365" 0. 147 1
Cr -0. 107 0.346" 0.022 0.276 1
As -0.070 0.337* 0.102 0. 007 0.291 1
Pb 0. 091 0.280 0.623 ** 0.253 -0.189 -0.157 1
Cd 0. 068 0.448 ** 0. 801 ** 0.133 -0. 056 0.079 0.794 1
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Table 6 Heavy metal factor loadings in groundwater

from the Leizhou Peninsula

FEEITE PCl1 PC2 PC3
Cr -0.111 0. 667 0. 429
Mn 0.538 0. 603 0. 246
Cu 0.148 0. 001 -0.571
Zn 0.874 0.168 -0.037
As -0.007 0. 840 -0.173
cd 0.935 0. 059 -0. 067
Hg 0.259 0. 086 0.795
Pb 0. 880 -0.253 0.072
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Fig. 3 Three-dimensional factor load diagram of heavy
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