


w % # 3 $40 % 46 W

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4 6 A 15 H

H
jtﬁwﬁmjt%éygjigqq@ﬁm%ﬁmg”””“”””””u””“”””””““””””uu”””””””u””””””uuunt ............

K, BAR, MW, TAE, KK, B9, BSW, BEH, KT, MAK, EH, XEX, TRE (2493)
ﬂgmeM;mﬁﬁmimm YUREIE S AEZE S B PP e Wi, FEE, K2, R, B, G AKE, R (2500)
LfﬁEﬁﬁmﬁhmﬁﬁLﬁk%%%ﬁﬁﬁ&uﬁﬁﬁﬁﬁhﬁ&mwm ................................................

RSO EEREEALL ARt r%ﬁ,&, ﬁ;ﬂ} %é&% —j ﬂk }’ijﬂﬁ /U]i’lﬂfi %ﬂ_ﬂ_ (2510)
FHHT 2017 AR IS YL T TR IR TCHUAL L TS YR E AT - eeeeemeemmmmmmeneneees ; ..............................................
............................................. % éﬁ% ]Sff%# ?11% ;%? 5% Dg'h ?ﬁ %Lg /51%)1 ;(]’54\1 (2519)
B R b T B a0 0 A s = 1T LT
............................................. ;’g\j*@ ;f]:‘]‘lh% ETZ# g&ﬁk E&i)@, ;(jjﬁﬁ Eﬁkﬂé ;%X ﬂ%ﬁ& (2526)
BT HEBUIOR AL SRR AR oeeeeeeeen b REE. B KL KA BRI, Z (2533)
DT AR5 Ry Ut B BT AL A RO BT +oeveeees B, BT, HAR, RS SHAE THE. KE (2540)
G RGNS AL I B30 k3 L I
------------------------------------ MEK, BEE KEE, FIUW, BHG, RGH, REF, £, T, 2¥ (2546)
F%ﬁ%I%%ﬁWP%;Wﬁﬁgﬂﬁﬁﬁmiﬁ&ﬁ%%%ﬂ& .........................................................
................................................................................. X'J%T—?E, U‘%ﬂﬂ %/ﬁ;ﬂ :5‘%3 I’77‘H‘ %g% (2556)
2014 ~2016 AEFIERMTTFH PM,, A1 PM, | 15 0BG TEAY +vrevreeeeereeesoenmsmeemse i e
................................................ sk, T, RpEi, WU, BRKK, T, 2R, K&E, K HE (2565)
1990 ~ 2017 4541 [ i X GBI IS (2 A K 3L TR oo o AE, MEX, BB, MAIK, T (25712)
jtgﬁﬁfﬁgﬂi b 35‘/;{5— ﬁ“%ﬁﬁ'ﬁﬁi.ﬁﬁ ................................................ E@E é FH, %W'F% FH%B (2582)
{Ifﬁ:ﬁpﬂ{ﬂﬂ%ﬂﬁﬁ%/ﬁ%%ﬁﬁﬁi{%ﬁ&ﬁ%?ﬁ RSN AE R LR LRI EE %,\XX Eﬂﬁ()ﬂ HE e, 7K = (2595)
WA TR X RS, NO, . HNO, TSR TE YYIRE L T RRIITRGE  wveveeereremee e
..................................................................... WPH AR T, Mk, £F, TAK, 2F, 24K (2607)
AT B K U [ AL B EORTR e EOF, EGW, RAE, TRk, TAak, EAE, AEE (2615)
L5 LLUBIFTURLC S BN I R A 5 e I R oo PRI, 2B, KEW, 2 F M (2624)
N @ S e ik Nl it o B RS %%%,%ﬁm,%W%,é%%(%m)
BN b 10 R S BB TG T o oevv e KSR, WaGE, FEA, X%, ZHE, R (2639)
= X T VR Y R A LR IR L 3L TR e FL(E 2R iﬂiﬁﬁﬁ:/ﬁﬁif/\fﬁ .............................................
............................................................... VLA, Joeri Kaal, R, %L, KMBH, TEH, B, A% (2647)
Zktttt%ZJ%/‘TFFﬁXTFFEE(Hz;ﬁaﬂiﬁtqﬂ(HDORdE’Eyﬂﬁ ..............................................................................
...................................................... s, BEE, BT, TRM, MBE, ¥U=, TWH, EHE (2657)
mk%ﬂﬂﬁﬂuﬁﬁ%$¢ﬁAHK@%%TK@%&&%EE --------------------- Wik, RARA, BEE XL (2667)
STEMPKHBDCHD KK TR BRI -ooveoeeeeeneoeess A, R, BOBR, BB i, KEYL (2675)
ﬁﬁ%iﬂﬁ@ﬂTmmw%%m&%ﬁ%%ﬁm~mmmmm~; --------------------- KT, BaE, REE, T (2686)
IS N C N MO SRR S B EARE - K38, B4, TR, RUERL BREHL, Z915C. 41 (2606)
e VBT YL L TR G VS Y YBATT -+ vvvververseessessesssessesseassesssaseessesstesbes e s ssess et s essasssssesbe s s ssens et e s e
................................................ E‘ﬁ%,ﬁﬁiﬁx,%ig fj[:t‘ﬂ, U:,JI_i$ ?/{i %%é%,?%‘(%,ﬂ/#/ﬁ(Zﬂ)S)
A T T R R T A ) S B AR T T IR JEURA L v vevvmmmmmmmimnn e e e oo et ettt e By, =W, KEE (2715)
IKURK B T AV B KRR IIE RS LRI vvvvoeessenssnennna WA, WM, B, FY, Bk BT (2722)
SN T LT RU B O T3 B SMBRBR IR, +vevvvsevseessemssnmssnsnin b Zipre #HE KEK, KE (2730)
B BRSO ACI T P ATRFAE  ovvvereresereessnnens T, HEM, BH, he2, KB, Bk, I (2738)
IK BEAAE I R I 7K T R A B BE VR AN AT AE -vveeermenrmreeeeee e, E%ﬂ}(, E%gﬁ'\’ )2 Xﬂ'ﬂ:, e, x| bE (2745)
ANFGRAN R K B TRy ] B 7K 32 5 b 31 ] A0 A5 5 A B K 4 W%%% .........................................................
B AN JKBE Wk, wWEE HEE, NEE, T (2753)
FKEFATIBH KBTI R R & 54, %ﬁ%ﬁﬁﬁﬂﬂﬁ .....................................................................
------------------------ R, 2RH, RLE, RUA, B, RO, FHE, KiEH, KE, EXY, £—T (2764)
SEERA B A BRI EFPERE oo vooveeeeeeece, kA, AR, PR, WA, K, B (2773)
WP AR A 50 K TR LR (BRI ST <o s EHA, %%,%%ﬁ(ﬂ%)
PRGBS 1) S 7 e b B 55 b IR /KA ATk &km %ﬁ ERw, ik, £5E, AFW, iz, RWE (2793)
VS KANIT KA HUBE T YR SO BRAL IR +veeeeeees e FNK, EF, MK, T, T, % (2800)
L X A P S R A A AL R S eeeeeees Ead, R, /EH;LE ffﬂfﬂ"ﬂ‘ Karasuta Chdyangkun (2807)
TEPETS VeV BRASAG XTI FR A RIM coeeeveemmrerinemeeeieeeeee 3 R, BEAE G, TEE, ZTU, 2 (2813)
F RIS T AT B FE AT A IAEHE wovvvevveeosoeesssseece B, *hEH, GAM, Ak, RFK, AHA (2821)
PRI A D] G L 2 T ARHE AR A o 2 R ARG ZR ooeveeeeeeneneeeene Ak, Lo, mXq, BN, BAEW (2827)
PRI TN TR TG Y] TR IN OFHF LMY -2 oeovemeemeneennnes WEE, BRI, BE, FAR, IR, HA (2840)
mmhi%ﬁkgﬁW%HEENM$ﬁ%%m&ﬁMEWMﬂ ------------------ A, Bhsh, i, FE, Hipd (2847)
I [l EUK S 3o} ﬁﬁfﬁﬁi@@%ﬂi%t%@ﬁ%wm .....................................................................
........................................................................ ﬁﬂ{% E'KJIQI é}iﬁ.@ 9’&3}1%, ?/ﬁfi 7151)?/;% Eﬂ7}<7‘?«(2858)
B R A A e YR e T A1 o oL on S R
e e T, BE, TRTF, R, MR, EL, A=F, £ (2869)
7 B e R T 5 DR T 35 R B O B G SR B SRAIE oo IR RS e
.................................................................. ;(1 ,;5 %%ﬁ—’ ﬁ\ﬁ.“?, ?;}%ﬁy’ X)(*’h ?ﬁﬂ‘ %Eﬁ, F/if\/ﬁ?@ (2877)
SE T GIS AIZ AU MM -S4 25 1) 3 A R SRR v B-d, WX, MEH, E4A, #HE (2885)
SRR D NN AN SRR 25 T 0T JL TG YT oo EAL KFW, Ay ERAk, Tk (2895)
B R JSUR VRO A TR L SSRGS AA VR AE - B, fRIcfh, 20k, S8, EEE, 3% (2904)
ﬁﬂﬂEM@ﬁ%ﬁ%%%kﬁﬂi%ﬁ%&ﬁﬂ%ﬂ%m%m ..................................................................
...................................................... 1@»%,& u\% _:E;H;CQI ;r|i$ ,#]IE?, Fif%} %IS/J ijr’/f']‘%[gﬂ (2912)
ﬁi%ﬁﬁﬁfﬁ&%ﬂ:ﬁ%@iW?ﬁi?'ﬂ%%ﬁﬂ@%ﬂﬁ s SR, %, IR, fh, Ak EHE (2920)
R LR (7 3 DNA-SIP /R Pk 58 0+ 1Y S i -oeeeeeeeeee MARA, EHE, EME, HAR, REE. HEE (2930)
%7!%%11%&%?7(]‘35%EPHM&ME%&T[%%%_KE’J G coeeeemeeeeeeeeeees AT, K, FRE, KW, 5 AR (2939)
A% FH I8 38 198 FP U 2 S ( Mn-ANAMMOX) 3 B IGFRTT  -vveemeeesmeeeneeene BRiE, 2EH, Bk, THE, i (2948)
YEPRPUFR 22 S o] W5 AT th S A TR BRI BN = vevveeeeesmmmmmmeeeesnnnnnneeeessannnicnaaens Ry wum. FEH GEM (2954)

(ARBERFEVIETT IS 35(2929) (RBERLEY ERG T 0] (2947) = (2646, 2656, 2857)



ChsE ;7

Eco-Environmental

Knowledge Web

9540 4 45 6 ] 2019 4E 6 A
Vol.40, No.6 Jun. , 2019

5 R
Environmental Science

5= 7 Mo 7K 3t X 38 S 7K 7K J87 93 1 A% (8 B XU B - 44¢

JRTRC? ) R, OB BN, BEE, skl

(1. P E B A B A A MR B ST, BEAR 541004 2. M BT R (BRI TAREABE, BRI 430074)

FEE . LASHZema K X B SR DI, X6 XA P 60 A4~ Hi T KR i o ) B A R0 43 B ST B A T E AT, s D 2R A
FRBOE I T A RIZE RIS T KA b, oy PR o XU PPN AR BTN T AN [R) 2 200 b K PR fEE R XU . S5 5R3R I, ok =K
FHL WK A8 B AR AN & R e R I R R B B AR I, K BT 3 229000, bR WK W ZR B 3TN A (F =
4.26) Ffik, HARFIEKMLEEITEMAE(F =7. 10) MHF. SEEAETCER T Cr WEE, BEATMT As ESE, Zn,
Pb, Cd fil Cu Zead W ERBEHbER AL 22 FARML, Fe, ALFN Mn SCUEAHALL. 5 RUBS PEAN 22 BH , 3 2700 M T 7K ) 4t B B JRURS:
W, RN KK > #TIK > SRK, EEORETEUS M R0 E Cr. BUE SR IS0 B R 4 ~6 MEER, B
T SRS 12 1o TR R T 532 U KT (5.0 x 10 72 ™", ARS0 SRV 38/ T 7T 42 32 1 e KUBS: /KO- (10 7% a ™' ). L EE e
BB R TR, SARIKEFET A fl 3 XU HE R R i 428 i 2 ~ 3 AN . WK 4% 1%, TERRTR AT IFK . He
TFRIK AR K AT Y A B SR Cr 15 4 iR 436

KRR MR K KT AR R GRS XS SEZ2M /K ML X

FESEES, X523; X820.4; X824 EFRIRAD: A XELHE. 0250-3301(2019)06-2675-11 DOI; 10. 13227/j. hjkx. 201810234

Water Quality Analysis and Health Risk Assessment for Groundwater at

Xiangshui, Chongzuo

ZHOU Jin-mei'”, JIANG Zhong-cheng'* , XU Guang-li*, QIN Xiao-qun', HUANG Qi-bo' , ZHANG Lian-kai'
(1. Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China; 2. Faculty of Engineering, China
University of Geosciences, Wuhan 430074, China)

Abstract: To investigate the environmental quality and human health risks of different types of groundwater at Xiangshui, Chongzuo,
several regular water quality indexes and concentrations of metals in 60 groundwater samples were measured and analyzed. The
environmental quality of groundwater was analyzed by means of the Nemerow index. The health risks were assessed by using a human
health risk assessment model. The regular water quality indexes and concentrations of metals of the well water, spring water, and
underground river water exceeded the standards to different degrees. The environmental quality of groundwater was at a poor grade. The
comprehensive evaluation score of underground river water ( F =4.26) was the lowest. The well water had the same score as spring
water (F=7.10). The high hardness and salinity were conducive to enrichment of Cr, and the reducing environment was of great
advantage for the enrichment of As. The environmental geochemistry of Zn, Pb, Cd, and Cu was similar. The sources of Fe, Al, and
Mn were similar. The results of the health risk assessment indicated that the health risks of well water, spring water, and underground
river water were relatively high. The health risks decreased in the order of well water > underground river water > spring water. The
health risks mainly came from the carcinogenic metallic element Cr. Carcinogenic risks were 4-6 orders of magnitude higher than non-
carcinogenic risks. Carcinogenic risks were higher than the maximum allowance levels (5.0 x 10> a™'). Non-carcinogenic risks were
lower than the allowance levels (107° a™'). Children had greater health risks than adults. The health risks of metals through the
drinking pathway were 2-3 orders of magnitude higher than the values caused by the dermal contact pathway. For the sake of drinking
water safety, the well water, underground river water, and spring water should be properly treated and the concentration of Cr in
groundwater should be controlled before drinking.

Key words : groundwater; water quality analysis; Nemerow index; health risk assessment; area of Xiangshui, Chongzuo
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P 7.07 13.57 11.55 0.07 26. 50 nd nd 1.79 nd 299.57  353.83
A5t R E % 3.83 101.57  90.61 208.97 82.59 238.32 397.65 118.25 147.27 29.02 30. 50
IR/ % 0.00 0.00 0.00 9.52 52.38 0.00 4.76 0. 00 4.76 0.00 0.00
PRERIEY 6.5~8.5 250.00  250.00 1.00 20. 00 1. 00 0.50  200.00 3.00 450. 00 1 000. 00
M 7.19 7.44 8.15 0.05 17.24 0.51 0.01 1.49 0.56  254.27  265.66
R 7.52 12. 00 13. 06 0.14 40.22 4.50 0.04 3.73 1.63 306.08  310.98
/M 6.76 3.95 2.55 nd 4.30 nd nd 0.72 nd 153.19  169.97
W P 7.21 7.73 8.39 0.03 11. 66 nd nd 1.22 nd 259.93  280.15
sk brifE 2 0.23 2.47 3.68 0.05 11.94 1.36 0.01 0.82 0.74 46.79  44.97
A5 5t R E % 3.17 33.22 4510 112.56 69.22 267.52 185.40  54.85 132.79 18. 40 16.93
IR/ % 0.00 0. 00 0.00 0.00 36.36  18.18 0. 00 0. 00 0. 00 0.00 0.00
PRERIEY  6.5~8.5 250.00  250.00 1.00 20. 00 1. 00 0.50  200.00 3.00 450. 00 1 000. 00

1)nd: KAz 2) # /KB FRifE I 2505 E(GB/T 14848-2017) , F A

AN TR 25 20 1R K 4 )8 O R R R B g8t L
4. KPS (HL R K BT A bR #E) (GB/T 14848-
2017) , /K Zn Fl Hg 3843 7K o5 5 2 1k B 1
M 2EAR PR , HARR R 7. 14% F13.57% ,
KAB S B ARUEBR AR 19 1. 58 f5F0 1. 52 £%, SRk
t Fe . Mn F1 AL & 437K a5 2 Wk B 2ok T 2 A o
FRAE, MR N 9.52% . 4.76% M1 4.76% , %
KA A bR EFRAE A9 5. 90, 9. 28 F1 1. 25 £i%,
T VRT K Hig #1843 7K o505 f o R 2ok T 2 s
A, BEFRR R 4.76% , i KAE 2 bk 7 B 5 1
21.10 f%5. HK . SRAKFH# R 7K & Fe, Mn,
Al, Cu, Zn, Hg Fl As 22 5% REGE & 100% , b
Tk Cd 22 S REGE A 100% , 4 8 D E T
ARG R R 10% LN, LB Fe, Mn,

Al, Cu, Zn, Hg F1 As Jii &9 75 K | SRK
Hi I K A SR R A 35 28 B A R R B ) AR Ak
Fe, Mn Fl AL Jot 2 Ve B 3¢ e 19 7K 8 2 2240 A 2 0F
XL AR, Zih i SR La G4
(Ph) B0 o 2R R IR A, SREZMED
Y, S0 2 N iR KIF R, i ROZA K S Fe &
HAEAETYITE Mo, Al IR IERE; Cu, Zn,
Hg 1 As JT 5 4% P35 95 w8 9 7K o 8 88 00 A 78 0F 58
XHEBIRS | ZEPHA | ks | FLH R R AT SE A
JEFNAR H X, & &k K38 & Cu, Zn,
He il As & @ u R AR 2 | ALIE I SLit FH &
WA ™K Cu, Zn, Hg Fil As BB E, T
| Fe, Mn, Al, Cu, Zn., Hg Fl As 754 KAk 5 3%
B K B AR AL, AR S R B T 100% .
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Table 4 Metal concentrations in different types of groundwater/pg+L ™!
7;&?;! Gt Fe Mn Al Cu Zn Pb Cr Cd As Hg
TFH41E 5.47 1.97 4.76 1.29 175. 84 0. 67 4.34 0.23 0.10 0.11
SN[ 51.00 10. 00 25.30 6.03 1583. 00 2.74 7.88 0.51 0.58 1.52
/MHE nd nd nd nd nd nd 2.24 nd nd nd
Sk ELIED nd 0. 89 2.58 0.61 13.85 0. 64 4.11 0.24 nd nd
brifEzE 10. 70 2.72 6. 65 1.75 393. 17 0.59 1.30 0.15 0.17 0.34
BREB/ % 19575 137. 98 139. 82 135.57  223.60 88. 59 30.03 64.37 163.48  320.80
WARR/ % 0.00 0.00 0. 00 0.00 7.14 0. 00 0. 00 0.00 0.00 3.57
FrifERR 1A 300. 00 100.00  200.00  1000.00 1000.00  10.00 50. 00 5.00 10. 00 1.00
X 105. 45 49. 14 29.47 0.41 45. 46 0.70 3.35 0.20 0.77 0.06
IS ONEN 1770.00  928.00  250.00 3.76 919. 00 2.26 5.12 0.37 7.92 0.67
/ME nd nd nd nd nd nd nd nd nd nd
Bk HE 0.00 0. 40 1.79 0.11 0.00 0.51 3.58 0.18 0.39 0. 00
b2z 391.22  201.70 64. 56 0.84 200. 20 0. 50 1.21 0.11 1.69 0.17
BSREB/ % 371.01 410.44  219.05  204.96  440.36 71.23 35.95 57.00 219.44  271.97
IR/ % 9.52 4.76 4.76 0. 00 0.00 0. 00 0. 00 0.00 0.00 0. 00
FrifERR (A 300. 00 100.00  200.00  1000.00 1000.00  10.00 50. 00 5.00 10. 00 1.00
S 2.63 6.97 15.76 0.17 37.43 0.43 3.65 0. 14 0.37 1.95
IS ONEN 15. 00 29.20 79. 80 0. 66 328.00 1.19 6. 86 0.38 1.67 21.10
/ME nd nd 1. 00 nd nd nd 1.97 nd nd nd
W il nd 1.50 7.21 nd nd 0. 50 2.92 nd nd nd
Wk Frife 22 5.03 12.08 23.26 0.26 97.47 0.41 1. 66 0.17 0.56 6.35
HREB/ % 191.27 173.28 147. 61 153.75  260.38 97. 02 45.38 118.22 151.60  325.42
HBARE/ % 0.00 0. 00 0. 00 0. 00 0.00 0. 00 0.00 0.00 0.00 4.76
FrifE R A 300. 00 100.00  200.00  1000.00 1000.00  10.00 50. 00 5.00 10. 00 1.00

AHL T AR AR S5 R AT 349 o s Ve J3E 1 40 A1 e
fIE (L 2) 4 T 28 T 359 o s v B85 ) 25 () 43 A1 REAIE
(EI3) A%, HKe pHAE , TDS, BV EE (CaCoy) |
NO; . Na® | Zn. Cu. Cr #l Cd V-3 5 2 5 & 5
SRR E R ER HEE, SO;T . €17, FT | NH, | Fe
A1 Mn 34 i ik B ey, b R K R NO, il Hg
S35 o R R e . TR IR K SR K R TR AT K Hp
Zn. Fe. Al, Cr fll Mn 3 i m ik & F Cu, Pb,
Cd., Hg il As. $&It7K | SRAKFIHE N WK b 43 J& ot
BT 859 o i e A AL VAR RN AR U A SR K

B2 KEERIEHRER RN T K 53 HFE
Fig. 2 Distribution characteristics of regular water quality

indexes in different types of groundwater

(235.02 pg-L7") > FH7K(194.7 pg-L™") > MR [
7K (69.50 pg- L") . XERFEIZEAIML T K oK i 244
PEAT Kruskal-Wallis #:36, TDS F1 SO~ Jfi e 1
NESVERIE, Cu, Zn Fl As BRI B N 25 Sk
Wt 2, HAbFE IR 22 A i 2

WF5E DXCHL T KK B b A # B I i 2 8) 284k
A WSS DCHL TR KA e db L PEIX 3 A7)
PR ZE T HEME 57 T RIFFE DX P % 7 5 ) 45 b
SIS N R7 5 0% 0 I 1B A I €5 21 U N e b a3
R Hg [HA51% 40 He B vk i v T HABIX 5 7
THIZE X R EBAYLL B A Fe, Mn FI1 AL 58 ¢ ¥ f

B3 &ETHETHREREERFELBEM TKES A
Fig. 3 Distribution characteristics of average concentrations

of metals in different types of groundwater
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5, PUONEL AT R Bk feile, o5 Y i A AR
FAAE R 7 R A VIR AT LR TR
SEIRAT Fe, Mn Fl AL BTt ik BE 45 e 54552 UL IH
FSHUF K AN A A 5% A7 T0F 58 IX AR LR A 22 1l b
Zn FUERIE IR, 52 0 R R R R
FHERC R B Zn BEAKAMNG A G5 AL TSR X HERA AT |
CLBART , Ut | FLHVR | WA SE AR R A %
X NO; . NO, . NH," 154 B2 £k 48 BT &= Wk B
1o, SRR ) AR AR A i SRt R R T A
2R E & R A S A G

R K BRI PR AT 45 R LA 5, 2 5 LS
WK RSB MBS (VAT ) B4 4, k45
KK BB 240 50 NO; | Zn F Hg, R
KK B 24 734 NOy L F~  NH, | &
FRERELTEHL . Fe . Mn F1 AL, M R 7K K SR 518
i M4 5F NO; | NO, Fl Hg. 5T IX K FlfE
HE, ARiEAE . K AUH RS AP BE . N F HE

Y. EHEAHLEM NH, 64k 7E F i s NO; K i
FARTG 5; KNBEIET AL T R &
S A 5 T Bl A e A 3 e R R R R B HE
MR E SR AL, EAREN P R E R A
NH, SHitEmPIE A G SRS 1
A AR ] K o WG 4 24 77 A A WL TS e B i
JEHEY A &, AR K&, &R L
G4 I (Pyh) SR A IR BTR 5 S IR 2 1
BREW), 0. R (Fe,04) W ERHT (2Fe,0, -
3H,0) M55, B £ Mg KIFR, L Fe
K HAL AR ICER Mn ., Al B AR BF9E X
CER AT A YRR, HYERT R R Zn JEOK
HE R LA ARG N T R K P Zn 9 R
WF5T DX R AT L0 o0 A B WS T s 48), 1 4Rt
T o b s 4 R AT 9 VR AR A B A [ B R A TR
w Hg, Hg WA WH#E AT K, 3 i T K
Heg [ it vk B A 1.

x5 MTKBTAMESER

Table 5 Evaluation results for single components in groundwater

R KRR TiH NO5 F- NO; NH, e R R HE A Mn Al Zn Hg
Sk R EL 17 0 0 0 0 0 0 2 1
ERE/ % 60.71 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 7.14 3.57
sk FE L 11 2 0 1 1 1 1 0 0
AR/ % 52.38 9.52 0. 00 4.76 4.76 4.76 4.76 0. 00 0. 00
W Rk ﬁ&é&z 4 0 2 0 0 0 0 0 1
BFRE/ %  36.36 0. 00 18.18 0. 00 0. 00 0. 00 0. 00 0. 00 4.76

HRAE T K B AN S5 R TR (£ 6) , HF
KRN SRR B 255 PE B 530 R 7. 10
7.10 F14. 26, IKBTHEAN IR 2EH5]. KT
T K 25 R S K T RO b A 25 2 i, SRoK
B B E 2 3 Bl MR T K 4% SRAE UK R
GO R R AR A o LK (36.36% ), K
(35.71% )K=, RIK(33.33% ) fie/IN, KBS K
RERRET B R T 60% UL F. NS LA 185
TR AR 53 bR HERA R K BT AY , FE 45 215 K
Jor W . | AR S48 2 sl O AR AL 43 (1
BT RT LA A R R WK IR L. B BB AR 28 H i
Kisye A, WES R H b 2 — 5004 55 8 R
i, T E A AR 2 25 A VE o B I . H

TR ZEA SRR, (AR R 5
M2, A1 NO; TEFIK | SRR FNHE 7K i A
AR 60.71% | 52.38% F1 36. 36% , I H.4
PREA o3 A AR TEAN R 7K S, BT ARG PP o (4
TR K RSB 2 | K BT Ry 6 2 W R it B o )
T 60% Lh b AR S CHb R K BT AR AfE) (GB/T
14848-2017 ) B3R, Hb /K& -y R AF I K |
SRR K (R 7K a5 T K A2 53 o RAR
RO E, SHTEMHE; MERERMNMIFK,
SRR AL R K B 7K 3 R KA 2R 2 4 & B
DAY ATl 7K 5T 2R DA S — 7 7K T I\ A fe
JRE XU A A A 3 TRl AR 43 Tl FHK 38 Y ik
P AT A TR AR K.

F6 HMTKREZINTNER

Table 6 Evaluation results for groundwater quality grades

LRk F i H = R4 Bt B W2 Pu¥ i
==
Jok 7 10 ‘ \ﬁnnﬁ 0 10 0 18 0 28
FESECE 2 e/ % 0. 00 35.71 0. 00 64.29 0.00 100. 00
T
sk 710 ‘ ﬁnpéﬁﬁ( 0 7 0 13 1 21
FERECE 73t/ % 0. 00 33.33 0.00 61.90 4.76 100. 00
T
H K 4.26 ) \ﬁ””ﬂﬂ 0 4 0 7 0 1
FESECE 2 e/ % 0. 00 36. 36 0. 00 63. 64 0.00 100. 00
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HRAE L T K 48 e R 5 H B A 5 Z M B AE &R
BOTHI(£7), pHIES Cu Al As Z 8] E 1 B 3% 1F
IO, FBH T /KA pH M E Ca A1 As BT
FEMA A, Cu Al As FIE BRI B & 46 5 TR il A
FUIXR, BEE pH EMYE R, R T IF B ff
WD XE As A B A, R N T b
B, B R K As IR RO B B
(CaCO;) . TDS 5 Cr Z[A] 5 1 & IEAHSC, GOl
(CaCO,) . TDS 55 Mn ., Al, Fe 5 i 5 bl B 2 6 AH
XK, G | M REA AT G E S, AR
T Fe, Mn Fl AL 94, Al S ma fLEESE n 1K
B TAF LAY EA G, SR

BONH, | F™ 5 As Z [0 52 3 8 o 2 R A O,
T e AR R R 5. NH, f1 P QR M R /K AL T ik
JRERE, UEHR IR A A F T As I E 4R, A
R FAE W2 As TEAREE R AEFE IR R RS
AEJT, BEE AL IREAL, R 3ER , JSTR L
I LU 25 5 Vs il AR 0B 20, T ik 1 i 4
f, LR KY As BTk EEHE 5 Na® 58 BItRZ
I REEMHLKR, NO; BRSHA&EITRE
WA OCHN, HHE 48 Z 8 J0 1 3 A O OC
F, U] Na™ 1l NO; A5 00 T 7K 43 J@ JC & it
HIRE A EZE M R Zn F Hg SHEH 5
(A M R &, 80 Zn Al Hg 2 HU B 44052
M AN B .

®7 WTkEETESHEESZANBEXREY

Table 7 Correlation matrix between metals and other components in groundwater

Fe Mn Al Cu 7n Pb Cr Cd As Hg
pH {H -0.090  0.090 0.156 0.408*  0.147 0. 166 -0.252  0.227 0.349™  -0.177
S03~ -0.373* -0.103  -0.303*  0.045 0.111 0.292* -0.196  0.206 0.323* -0.075
cl- -0.066 -0.138  -0.105 0.158 0. 006 0.284* 0.013  0.210 0.205 -0.069
F- -0.097  0.210 0. 134 0.355* -0.183 0. 200 -0.110  0.417*  0.798** 0.073
NO; -0.209 -0.414™ -0.265* -0.028 0.177 0. 091 0.154 -0.083 -0.289" -0.225
NO; -0.011 0. 046 0.022 0.039  -0.023  -0.047 0.300* 0.023 0.051 0. 041
NH, 0.293*  0.257*  0.116 0.259* -0.186 0.263* -0.106  0.352**  0.392** 0.208
Na* -0.077 -0.134  -0.097 0.126 0.025 0. 094 0.124  0.037 0. 054 -0. 108
R R AR HR 5 0.263* 0.358*  0.386™ 0.475* -0.136 0.223 0.094  0.433*  0.564™ 0.012
KARE (CaCOy) -0.298* -0.385" -0.463™ -0.128 0. 134 0. 059 0.450* -0.104  -0.211 -0.091
TDS —0.270* -0.362* —0.408* -0.047 0. 149 0.101 0.433* -0.056  —0.173 -0.102

1) = x FRAEEAREE V) 24 0. 01 B, FASEMR R W, » FORTERFE () 2 0. 05 W, AHRMERBER, TR

K H Spearman AHOC R E L T /K & /8GR
Z AR SE 2R, ARG T /K &2 J8 on R Z [ A 56
ZEATHI(F8), Zn, Pb, Cd I Cu Z 6] FE7E L3
S R S B IEAR I C R, R /K Zn, Pb, Cd
A Cu W] BE 8 2k ALY R 558 b BR AL 2= VE . %9 IR
ARBTG5 W] Zn, Pb, Cd A1 Cu ¥4 364
JCHR, Cd B ERIL 1T 0 S Zn AHRL, FERRYEA T
MEALEMETF, Zn, Ph, Cd il Cu ZEFEER BT
RAEMAFFEBLELE, FEMEAN TR A5

BTUUIE; Fe, AL Mn 2Z [ F77E bk 25 5% 5 2 1)
IEAREKR, WRH T KA Fe, ALFT Mn 2853 AHARL
[ IREE BRI PE T, SRUEARAL. 85 AR [R5
SEREH] Fe M Mn G {ER G HIE AL, 455 05T
DXHL &, AL Mn A2 Fe BHEAED I Fe 23
BORIT &R FGA I (Ph) RLL AR
e 2 AR TTR 5 Hg H1 As 22 [A] 52 1 25 1EAH
5K, 7R Hg Al As Al BEHA LAY 28 )22 AL LA
HIF 58 DX BHRE (ZEBH R | e WA LR AR A 25

®8 MTAKEBTRZEHEXRY

Table 8 Correlation matrix of metals in groundwater

Fe Mn Al Cu Zn Pb Cr Cd As Hg
Fe 1 0.318" 0.519 ™ 0.397 * 0.014 -0.116 0. 068 -0.067 -0.126 -0. 081
Mn 1 0.525 0. 150 0. 002 0.219 -0.095 0.342* 0.303 " 0.220
Al 1 0.259 " -0.093 0. 005 -0.198 0. 034 0. 095 0. 037
Cu 1 0.356 ™ 0.356™  0.107 0.292* 0.207 -0. 060
Zn 1 0.259 " 0.014 0. 082 -0.347*  -0.144
Pb 1 -0.061 0.762 " 0.252 0. 009
Cr 1 0.079 -0.249 -0.072
Cd 1 0.412™ 0. 055
As 1 0.285"

Hg
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FEMARHEEX, FEEELIEE DS Cu, Zn,
Hg il As S54RI HR HARZy | fRIE Y& 2L FH 253
Jnds K He F1 As BT ; Zn 55 As Z[AJ2
W F ARG, Cr S HE & B TR BIC WA
FKFR, /R Zn 5 As, Cr 5HE 48 AU %5 1]
AL LA,
2.3 flBFEXUE A

MR At B IXUBS P AR Y | R SRR 4 T8 T R
J v BE G, TR ML T OK &R ST R & oKis R
(R 9) FE R fhRTE (R 10) Frol e A2
AF At BRE AR

3t T 7K 458 J0 R SR K RN i IR fisd 42 5 | ke
(A NOF- 2874 fedt e XU 485 SR AT 0, AR5 DX Ml 7K 4
J& T 2R BOE A =, BB KBS A= 107 ~
1077, RAEUE RS K/NITUT 3K > H R K > %
K. AR A S B0 KU 43 BIFE 7. 40 x 10 7 ~
9.50x10 > a ' f18.05x10° ~1.03 x10 *a™'Z
], L S0 KU 34 TN K SRk R
TR AN T YA S0 XIS X0 v T o A S o 4
72 5143 (1CRP) 77 1) Fe K AT H2 32 KU 7K F- 5.0 %
107 ™!, BUEXEEERIET Cr, Cr N AFEFE
R R T 5.0 x107° a™", i As fil Cd T
5.0x107 a™". As, Cd Al Cr Jii & ¥ B ¥ 12 25
FRBARE, (R R B B0 AU, 2 P o B R
BN As, Cd F Cr Biac kA 56, 1580
R NEHPYOKE | BRI REEREE
] ASAREE | P35 2 87 B [ RN 2 o A
Ko BTN Bz R fibads 42 5 | S T3 4F 30
U 23 S7E 8.00 x 10 ™ ~1.02 x 10 ™% a " il 1. 28 x
1077 ~9.66 x 10" a™' Z[H]. oK | SRIKFIHL T 7K
1) ek 500 XU A IR ) LT R Cr > Cd > As, FHorfr,
LAKIEAE T A AT 14 B0 KU (8 K 54 Jox
P34 Cr > Cd > As, oK 28 Jz Bk fph ik 72 5 | i
(A RS R 9 SR I S Cr > Cd > As, SR 7K Al

HiRKA Cr > As > Cd.

AFFRIX 3 A A Hh T 7K B S A B0 RS 45 e 4
K 1070 ~1077, B AR R /NG Sk R e
K> SRR > K. BRI L EE Y SR B0 XU 7E
8.39 107 ~3.82x10"a " F119.03 x10 " ~4. 15
x 10 Pa~" Z (0], /N 0] DLHE 37 0 4at e AU 7K P
10 °a™", JLEAEIEBUE N RFA. &ikok
IBAR N R A A2 5 R A A N4 AR B XU
IYINAE 2.24 x 1072 ~3.72 x 107 a™" Fl 7.72 x
1077 ~3.18 x 10" a ™" Z ], FHK Ay B3k B KU
HIEY BT K Zn > Pb > Hg > Mn > Al > Cu > Fe,
SRIKH Mn >Pb > Fe > Al > Hg > Zn > Cu, i Fi[/K
4 Hg >Pb > Mn > Zn > Al > Fe > Cu, 7 FAEEUE 1
EApIve SOPNN 5 Tl b 1 AN S I .95 )
WK SEEERAE 1077 ~10%a™", BT o] 4a e XU RS
BN, ANt 2k g NFEAE L i e

RS X b T 7K 4 o0 3R BT | A i R DR v
15, KU KNI A 7K > Rk > 2K, 5
3 AL T K Cr B MR B2 i R/ NIUF — 2. A
LB ITTR N BRIGIBRUL, SROKIRET R ) )5
JAURSE LR R KA i A2 e 2 ~3 DR, SRA
ARV N ) i b 3K T T 4 A3 A R AE R
TEFRE RS PEA S 25 R — 3%, RUPOKERE 2SR
JUR M ELRRERE. AL R SR 53 5 78
7.40 x107° ~9.50 x 10 a™' F18.05 x10° ~1.03
x10 *a~ ' ZME, HETS5.0x107°a™", 3 FikAiih
TAJLE SRR TN, s Am S, JL
IR TR KU 32 1k, 32 2 4 JE A e T ™
&, o, JLESYOKIE R 51 R 0 f B SRS KT
BN, 28 e R fiha A7 5 | %) e e o AU /N T o
N, X5 AR S B8 IR Al TR SA, A
YA BW, MR ET A%, a5 R 5k E
DSV T AR FH K R R 4 S T Y 5 X
W5 PEAN I 52 45 SR AR, DAL % )L 28 A TR K 42 4k

®9 TRLBMTKEBTEZRKZEZSI RN ANEHERERE 2™

Table 9  Per capita annual health risks caused by metals in different types of groundwater by the drinking pathway/a ="

P IEK K H R K
A JL# A JLE A L3

As 8. 00E - 08 8.72F -08 6. 05E - 07 6. 60E - 07 2. 89E - 07 3.15E =07
Cd 7.38E -07 8.05E -07 6. 42K -07 7.00E -07 4. 50E -07 4.91E -07
Cr 9.32E -05 1.02E - 04 7.20E - 05 7.86E - 05 7.83E -05 8.55E - 05
Cu 1.69E —11 1.84E - 11 5.34E - 12 5.83E-12 2.24E - 12 2. 44F - 12
Hg 1.85E - 10 2.01E - 10 1.08E - 10 1.18E - 10 3.41E -09 3.72E -09
Pb 2.49E - 10 2.72E =10 2.62E -10 2.86E - 10 1.59E - 10 1.74E - 10
Zn 3.07E =10 3.35E-10 7.94E - 11 8.66E —11 6.54E - 11 7.13E-11
Fe 9.55E - 12 1.04E - 11 1.84E - 10 2.01E - 10 4.59E - 12 5.00F - 12
Al 1.78E - 11 1.94E - 11 1.16E - 10 1.26E - 10 5.90E - 11 6.43E - 11
Mn 2.24E -11 2.45E - 11 5. 60E - 10 6. 10E - 10 7.94E -11 8.66E 11

SRR 9. 40E - 05 1.03E - 04 7.33E =05 7.99E - 05 7.91E -05 8. 63F - 05
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Table 10  Per capita annual health risks caused by metals in different types of groundwater by the dermal contact pathway/a ~!

E Fk K iRk
A JL# A JLE A L3

As 1. 82E - 09 1.28E - 09 1.38E -08 9. 66F - 09 6.57E - 09 4.61F - 09
Cd 3.83E -09 2. 69E -09 3.33E -09 2.34E -09 2.33E -09 1. 64E - 09
Cr 9.66E - 07 6.78E -07 7. 46E - 07 5.24E - 07 8. 12E - 07 5.70E - 07
Cu 1.75E - 13 1.23E-13 5.54F - 14 3.89E - 14 2.32E - 14 1.63E - 14
Hg 1.72E-12 1.21E-12 1.01E =12 7.08E =13 3.18E-11 2.23E-11
Pb 1.72E - 14 1.21E - 14 1.81E - 14 1.27E - 14 1. 10E - 14 7.712E - 15
Zn 2.86E - 11 2.01E - 11 7.40E - 12 5.20E - 12 6. 10E - 12 4.28E - 12
Fe 3.30E - 14 2.31E-14 6.36E - 13 4.46F - 13 1.58E - 14 1.11E-14
Al 9.22E -13 6.47F - 13 6. 00F - 12 4.21E-12 3.05E-12 2. 14E - 12
Mn 2.97E-13 2.09E - 13 7.41E -12 5.20E - 12 1. 05E - 12 7.38E -13

pEyios 9.71E -07 6.82E -07 7. 64E - 07 5.36E - 07 8.21E -07 5.76F - 07

T ks . NEJmocEkil, HKkEEITE AR

| L ) Ak B XURS: K /NI A 2 Cr > Cd > As > Zn >
Pb >Hg >Mn > Al > Cu > Fe, JR7/KA: Cr>Cd > As
>Mn >Pb >Fe > Al > Hg >Zn > Cu, ¥ Fi# . Cr
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