%546 B 4 W K A AR R 1R Vol.46, No.4
E 8 H Research of Soil and Water Conservation Aug., 2026

BERMKMM T KESRTEKIE
R T 5 62 R XURS Vi

o RV, IR, KmEY, ZRR, F RV, S, B R
(107 B 48 9 5 PR 58 R A — B, TT g AN 450007 5 2. T B 48 AR B U
FHE BT o0 (R /K SR BE WE A B AFFT ) , T Rg M 4500075 3. K Toall K2
IR 5 TSR, KHE 300387 ; 4.0 R 44 [ 48 B8 U5 05 00 A = 43R B, M S48 450199)

W OE: [EM] WA M X T K 48 5 YRR 5 e ok R RV e £ BE XU A il IX i R K A B
PSR ERARS 3 . [ ] DU A R A0 X 119 A4~ BL TR AR (O R 9 0 42, BRI 10 A 42 )
(Zn,Pb,Cr,As,Cu,Fe,Mn, Al, Hg fil N, £ & 32 i 50 IR F 15 YL 35 500 I 20 25 B 38 500 A8 5 TRV F o i - 2
JGZR M [P A1 CAPCS-MLR ) et B JRUBS T A 485 80 45 ) v | 6 X6 3t /K o 4 & WL ARRAE 43 ) 20 A 505 e
ARBEAE SN BT 0 LA b AT 3 42 )8 T e O VR IR RN FL AR UG AR B . [45 5 ) OB AR IX b Rk E 4 )8
S H e BE K BN IR N - Mn>>7Zn> A1>Fe>>Cu>>As>Ni>Ph>Cr>Hg, Mn JGZ i & - 2 {8 1
TR K BT AR ME(GB/T 14848—20170) iy Il AR MR MH . QB AR H X 45 T8 43 Jas 19 S0 [ 1 5 e e
% Min B 7 253 7K SF- S BB 75 Gt DAL, A T 43 010 7 K7 B S 0 07 5 255 0 YRR R R B S L R TR R
e RE A 43 5 4 36.13% M 31.09% ,Mn b FAKE S BIFRMEFHE ., O TR KA AL
SRR RN A 30 5 A 1 34 DT R AR s R, TR LG BRI 41.4456,20.81%6,18.72% ,12.57 % M1 6.46 %4,
RS [R] Sfe 5 %t 25 0 4 J@ 1 STk A W 22 R . OFEWOREE AR R Bk 4 i3k 42 T, AR 308 ot E B0 T
NS N RN L B B A R RS B AR TR 2 N o (S50 ] RAR X Hh T K I 4 R A i B B A ]
e, Min & G YL B o 25 T8 B AR f B AU b T 2 R A A 45 T B TS YRR 5 Ok
VA TR 1) B e R B ot 5 e iR A T K R A T R A s, B A W s TR e XU IR

KER: MTKELRE; SHRRE; BERXAK; BFRBEX

X ERARIRED: A T EH S 1000-288X(2026)04-0138-12 RESES: X53

SCEKS I SR, IMBESS, SRIRAR, AF L TRR ML XM T K 4 R VS Yok TR AT 5 A XU PR (D] K AR
Fral e, 2026,46(4) : 138-149. Yuan Quan, Sun Xiaobing, Zhang Xiaocai, et al. Source analysis and health
risk assessment of heavy metal pollution in groundwater in eastern Henan Province [J]. Bulletin of Soil and
Water Conservation, 2026,46(4) :138-149.

DOI:10.13961/j.cnki.stbctb.2026.04.034 CSTR:32312.14.stbctb.2026.04.034

Source analysis and health risk assessment of heavy metal
pollution in groundwater in eastern Henan Province

Yuan Quan'?, Sun Xiaobing®, Zhang Xiaocai'”, Ma Quanlai"*, L.i Bing"*, Yang Shengyu"?, Pan Deng"
[1.The First Institute of Resources and Environment Investigation of Henan Province,
Zhengzhou, Henan 450007, China; 2.Henan Natural Resources Science and Technology Innovation Center
(Groundwater Environment Monitoring and Restoration Research) , Zhengzhou, Henan 450007, China ;
3.School of Environmental Science and Engineering, Tiangong University, Tianjin 300387, China; 4.Institute of

Natural Resources Monitoring and Comprehensive Land Improvement of Henan Province , Zhengzhou, Henan 450199, China)

Abstract: [Objective] The characteristics, sources and potential health risks of groundwater heavy metal

I %5 B 89 :2025-12-08 & [ H #8 : 2026-03-09 & F B #:2026-03-09

FENIR B 0 A o Bl 4 P SR 0 g A TR R R K T 4R TS YL AR R R RS AN T (B R 55 [ 2025]2) 5 Il g A R B ok
PR AT L X 4 4 T 4 S T Y A (8] S TR S SR S R S AL T (232102321037) 5 0 B 48 Bk 2 OGS TR B 35 2 XORk L Ab
45 K4 A Ak X 7K % IR A A B i HLER T R 35 T 5 7 (252102321114)

E—EE SR (1993, 55 U T g 4 i i L, KRB, DRI, 22 b /KSR I 5 8 5% . Email: yuanghn1993@163.com.

BEMEE PN IS (1990—) , B OB , W g & 2 B A W Lo oA S0, EEMNF %A SR EP 058 . Email:

sunxiaobing@tiangong.edu.cn,



5 4 ) B AR A TR IR DXCH TR K R ¥ Yl SR TR BT 5 R XU T A 139

pollution in eastern Henan Province were identified in order to provide scientific support for the rational utilization
and pollution control of groundwater in this agricultural area. [ Methods] Using 119 representative sampling sites
in eastern Henan Province, this study selected 10 heavy metals (Zn, Pb, Cr, As, Cu, Fe, Mn, Al, Hg, and
NbD. By integrating single-factor pollution indices, the Nemerow composite index, absolute factor analysis-
multivariate linear regression (APCS-MLR) , and health risk assessment models, this study examined
groundwater heavy metal content characteristics, spatial distribution, and pollution status to identify pollution
sources and evaluate health risks. [ Results ] D The average concentrations of groundwater heavy metals in eastern
Henan Province, ranked from highest to lowest, were Mn > Zn > Al > Fe > Cu > As > Ni > Pb > Cr >
Hg. The average Mn concentration exceeded the class Il standard limit specified in the “Groundwater Quality
Standard (GB/T14848-2017)". @ Regarding single-factor pollution levels for each heavy metal in eastern Henan
Province, Mn exhibited severe pollution while all others remained clean. The proportions of sampling points
showing mild and severe pollution were 36.13% and 31.09% , respectively. Mn was identified as the dominant
factor in groundwater heavy metal pollution. @ The average contribution rates of industrial sources, unknown
sources, agricultural sources, natural sources, and traffic sources decreased in that order, accounting for 41.44%
20.81%, 18.72%, 12.57% , and 6.46% , respectively. However, the contributions of different sources to various
heavy metals exhibited significant variability. @ Under drinking water intake and dermal contact pathways, the
health risks posed by non-carcinogenic and carcinogenic elements to both adults and children remained within
acceptable limits. [ Conclusion] Groundwater in eastern Henan Province exhibits significant spatial heterogeneity
in terms of heavy metal content, with Mn being the primary contaminant. However, the health risks posed by
various elements are still within an acceptable range. It is necessary to adopt targeted measures based on the
pollution characteristics and sources of each element, and to strengthen the utilization and control of groundwater
heavy metals according to local conditions, while dynamically monitoring their health risk status.

Keywords: heavy metals in groundwater; pollution source; health risk; eastern Henan Province
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Table 1 Evaluation of groundwater heavy metal pollution
and ecological risk level standards in eastern

Henan Province
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Table 2 Symbols and calculation parameters of
health risk assessment model
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Table 3 Skin penetration coefficient (PC) and
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Cr 2 0.003 0.003
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Table 4 Descriptive statistics of heavy metal element concentrations in
groundwater in eastern Henan Province WAL pg/L
JLER 4 ME R AH R/ME brifi 22 A5 5 R i J5£ W Jig [ 22 1 A i
Zn 53.55 750.00 2.50 106.48 1.99 4.70 26.39 1000
Pb 2.68 13.00 2.50 1.17 0.43 7.43 59.09 10
Cr 0.55 6.00 0.50 0.50 0.92 10.91 119.00 50
As 8.49 150.00 0.50 22.88 2.70 4.74 23.48 10
Cu 17.48 74.00 2.50 15.11 0.86 1.62 2.52 1000
Fe 17.56 300.00 5.00 30.86 1.76 6.82 59.86 300
Mn 360.01 2 580.00 22.00 328.44 0.91 3.47 18.31 100
Al 28.74 130.00 10.00 22.61 0.79 2.29 5.95 200
Hg 0.06 0.30 0.05 0.03 0.58 5.03 27.74 1
Ni 4.67 23.00 2.50 3.42 0.73 2.22 6.93 20
£5 BERREMTHTAESBTEREMAMEG AR T 4 0% KR Cr 5 1 X 5 540 T R

Table 5 Descriptive statistics of heavy metal element
concentrations in groundwater of various cities

in eastern Henan Province HAT pg/L
FrETT (a0 J& AT

TR A5t A5t A5t
Rkl P -1 1E P - E{H P

Zn 41.16  2.02 4797 177 80.02  1.70
Pb 2.70  0.47 2.68  0.44 2.54  0.12
Cr 0.56  1.01 0.50  0.00 0.50  0.00
As 8.21  2.51 9.21  2.70 5.95  3.28
Cu 18.11  0.86 19.04  0.81 18.45  0.78
Fe 14.64 1.11 15.85 1.05 23.33 1.70
Mn 326.25  0.73  399.55  0.85 373.79 1.04
Al 27.60  0.81 29.32  0.78 3242 0.84
Hg 0.06  0.62 0.06  0.65 0.06  0.70
Ni 4.47 0.70 4.97  0.65 5.08 0.70
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DS IR QD N7 NI 1 I e ol 1 Rl T I S
fECE 2D

FH L 2 AT AT, TR b XA ] 5 4 ) o0 2R 0 5 ) 43
MEARRESME. Znfl Fe 28 B4 A — &
A ARL P o IX 32 A A T B AR b X R R ] B
T, T T4 AR Hi DX A A B T RN R e T R B0 AR X
BAR . BRI M R K 42 )& Pb, Cr, Hg #l As LA
A X 3, & {8 XY 25 8] 43 A5 A0 X L A e b, 3
o, P Y A X A D T R OR b XY T AR

b DX I 3 1T PG 5 As A ME X A A TR R M
XA s Hg 1) B X 32 2250 A 1 15 A Ml X g 358 114 )
AT PER . Cu iy @ KR )12 o i T4 4~ X
S8, ANCA TR R b DX I 5 T P S A A D BB A IR X
N AL & 8 X 32253 A0 T 4 2R b DX B Tl R
FUT 7 T 18 AR b IXAR 6350 A F 5 Tl 423 o AR
X o Mnfy e X 32500 T 5B X a3 AR
05 R PG T A DX, I X A A R AR X
J6H A R o
22 MTKEEETEITM

Hi 26 6 ] 01, B AR M IX 45 R K 4 R N 7 i5
RREA AR WK RE B FI5 Q 48
BB R B /MK IR A - Mn=™> As™>Pb>Ni>Al>
Fe>Hg>7Zn>Cu>>Cr, HH, i Mn 1) 7K S &
JEIG e LA, oA 4 I8 W F B K ¥ i . A
& KEUE K F ,Cu, Cr, Hg, Al, Zn Fl Fe i it K{H
B IR U3 8 B JR: 35 R 8 o T R A RO e PR
1, F WA T AR M XX LA R 7K 3 42 J8 O0 R A AETS
YA RE 5 s Mn, As, Pb Al Ni Y fiz K (E 34958 i 7 3 10
T 1o BRAE , 2 B B 25 X3 LRl T K B 4 J8 A7 7
YRS EX LR ES BT R M5 R A
B EN 2SS Mn T8 B R L
TR BE R 44,5456, b F 15 s e A b S G ) R
SUHBIAE 22,0096 7247, Ab T 3 33k 0 B A5 bG ) B /s
HAEAL R 10.92%0 o As b T ¥ 5 B FE & b e ok, 3
Lo B 5 4E 85.00%0 DL b, 8 B v g v B S YL R
V5 YL B RE S HG A 3 R 5.00% 2247 . Ni il Pb 4k T i
TR LAY L 1E 99.00% LA B AN R S TS
PeARPE NIRRT L
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E8/(ug-L") E8/(ug-L) E8/(ug-L") E®/(ug L") E8/(ug-L")
I 2.50~46.44 I 2.50~2.87 [ 0.50~0.67 I 0.50~9.88 Il 2.50~9.99
[ 46.44~110.88 [ 2.87~3.98 [ 0.67~1.22 [ 9.88~30.40 [ 9.99~17.48
[ 110.88~219.25 [13.98~6.20 [1.22~2.24 [130.40~57.98 [117.48~25.25
[ 219.25~418.43 [ 6.20~9.32 [ 2.24~3.78 [ 57.95~91.36 [ 25.25~36.62
[ 418.43~746.48 I 9.32~12.97 [ 3.78~5.90 I 91.36~149.98 I 36.62~73.24

af/(ug- L)
I 24.77~313.14
[ 313.14~521.96

af/(ug- L")
I 10.00~25.43
[ 25.43~40.38

E®/(ng L")
B 2.50~3.94
[ 3.94~6.10

I 5.00~15.39
[ 15.39~37.32

Il 0.05~0.06
[ 0.06~0.09

[137.32~85.79 [1521.96~830.22 [ 40.38~58.61 [10.09~0.13 [16.10~8.43
0 50 100km [85.79~172.35 [ 830.22~1 506.41 [ 58.61~82.45 1 0.13~0.19 [ 8.43~12.43
P B 172.35~299.30 I 1506.41~2560.45 I 82.45~129.19 I 0.19~0.30 I 12.43~22.92
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Fig.2 Spatial distribution characteristics of heavy metals in groundwater in eastern Henan Province
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Table 6 i?tl:fnnll_le:izﬂolil::‘l::c?dex of groundwater in 31.09% ’ AN TR 7 M X b R e X
o ——y B 5 A T 2 4 VRS0 B M0 R L, 3 # o L J

% OBAM BUME R B P EE NS B T.56 %6, KR A TR ML IR AR A AT b

W e g omp RRARIKCBR. E T 4B 5 K 10 % L 4 BT R
Zn 07500 0.0025 0.0536 100.00 0.0 0.00 0.00 WM AR X T KESBEERNESFHER
Pb 1.3000 0.2500 0.2685 99.16 0.84 0.00 0.00 Mn, W & A 52 22 80 m 145 0.917 0, R W] Mn oo & # b
Cr 01200 0.0100 0.0109 100.00 0.0 0.00 0.00 LR T 7R X R K 4 R T e ) R L

As 15.0000 0.0500 0.8487 86.55 4.20 5.04 4.20 DL A BT o A — Sk
Cu 0.0740 0.0025 0.0175 100.00 0.00 0.00  0.00

Fe 1.0000 0.0167 0.0585 100.00 0.00 0.00  0.00
Mn 258000 0.2200 3.6001 10.92 22.69 21.85 44.54

KT BEHRHMTAKEEREGTEEERE

Table 7 Characteristics of comprehensive heavy metal

Al 0.6500 0.0500 0.1437 100.00 0.00 0.00  0.00 pollution in groundwater in eastern Henan Province
Hg  0.3000 0.0500 0.0584 100.00 0.00 0.00 0.00 V5 Yu S gy B kom BRI/ Y T E
Ni 1.1500 0.1250 0.2334  99.16 0.84 0.00 0.00 9 4 9 7.56 Mn
K 9 7.56 Mn
MNP LR G BORE (R THE 3D, 4 TR E B E g 43 36.13 Mn
15 Qe RE RO R, o BVRE RO 9 36,1300, B TG 2 21 17.65 Mn
3 A T BRR M DX S T e R T R AR SRS 87 31.09 Mn

a BZATFTEFRSA b Mn % % I8 5

MBI TR/

4
&

ﬁ;* o (ng-L
B3

%= =/ [ 100~200
]2 fuﬁgl*ﬁ'{? 1 200~300
Bl o 0 40 1 300~400
B =R B <100 [ >400

B3 BEMRKBTAEASEZASHEESTREAER

Fig.3 Spatial distribution and dominant pollution factors of comprehensive groundwater pollution in eastern Henan Province
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23 MTFKEEETEREMBT
2.3.1 AMEXMEF IR

A SCA B Origin K F F & H Correlation Plot i
1 3R A5 B AR Hb X 10 Fh Hi R K 4 )R A ¢ A T 1A
(E 4, BE4R%, Cu-Mn il Cu-AlFE 0.05 K F T
A OC, HOAH OC & #¥y y 1E {8 ; Pb-Ni, Cu-Hg,
Cu-Ni, Fe-Al, Fe-Hg, Mn-Ni, Al-Hg, AI-Ni 7

FRAE(E S 1.470, 32 B8 i Cu, Mn FI NI, 27 4L
1843 5 M 0.563,0.696, 0.786 5 45 = 3 {43 #Y 4% 4F 1
b 1.104, 32 B3 10 A8 B Zn B As, 28 BUIE 4> 9 R
0.670, F1 —0.772; 55 P4 3= p% 4 B 45 AE(H M 1.017, &
B4 o A2 i Pb A Cr, 2 far £ {H 4 %1 2 0.610 F
0.628,

Zn | Zn  0.0045-0.041 -0.094 0.077 0.063 0.0051 0.15 0.11 0.13 LEESES -

0.01 7K F & 3 A 56, HAH R R A M IEfE , 2 X Pb Pb  -0.015 -0.025 0.13 -0.019 0.0082 0.030 0.030 0.25 ! L4
2 G 2 ] HL AT B B R A e GF Cr -0.030 -0.092 -0.038 -0.095 -0.077 -0.023 -0.059| | | g:z
A3 3E Fil SPSS B 4 IF JE KMO # 1 Fil Bartlett As As <010 0.034 0.077 -0.098 -0.059 -0.050| | | o 4
Cu Cu 018 021 021 040 034 L 0.2
BB A 50, 45 4 s KMO £ 56 205 R 0.567, 5Uf K Fe Fe -0.10 044 026 0017| | |0
F 0.5, H. Bartlett BRIZ #; 58 %0 {H N 145.294 , 25 M5k Mn o Mo |-0041{-0:070/035 | ’g'i
0 0 BT 0.05, B RMBABKIL T AT °|@ P | |y
& )8 AT LT 5 oy o3 A o 6T F2 o0 e A (B A Ak Ni ° e o o Ni i:‘;i
APRAE A SCHR BT R AR K F 1Ry 44 F 4, iF Zn Pb Cr As Cu Fe Mn Al Hg Ni '
e T B ik R N 58.558% (£ 8) . H—F W T R 53 5K p£E<20.05 FI<<0.01 K F %
SRR 2,264, F S A5 R Fe, ALRI Hg, C E4 BREMRMTAESEMXE
Fig.4 Correlation of heavy metals in groundwater in
# oy B 73 91 8 0.752,0.772,0.717 55 — FE W 19 eastern Henan Province
*8 BEMRMTKEESBERSSTER
Table 8 Results of principal component analysis of heavy metals in groundwater in eastern Henan Province
PR (IEGESR() #4057 Fl ik i 8 Ay ~F 5 A
Bt T2/ % Fit/% Mt T/ % 2it/% Bt T2/ % it/ %
1 2.264 22.637 22.637 2.264 22.637 22.637 1.945 19.452 19.452
2 1.470 14.704 37.342 1.470 14.704 37.342 1.720 17.205 36.656
3 1.104 11.042 48.384 1.104 11.042 48.384 1.139 11.388 48.044
4 1.017 10.174 58.558 1.017 10.174 58.558 1.051 10.513 58.558
5 0.942 9.415 67.973 — — — — — —
6 0.910 9.104 77.077 — — — — — —
7 0.800 8.002 85.079 — — — — — —
8 0.666 6.656 91.735 — — — — — —
9 0.499 4.988 96.723 — — — — — —
10 0.328 3.277 100.00 — — — — — —

2.3.2 APCS-MLR A& 47

3 F APCS-MLR R 25 5 W if e (% 2
A AR IS 2 SOk T X AR L X R K 45 e R
A B ATEE A M ERE b AR SO Tl V8 Al
TR LA SRR A8 38 TR R R HIUR 5 A 4 BE i A7 B2 AR L IX
WTFKESRIBRERFEES . NEERE, T
O NS B/ | SO S N o i B R s R
MR B, TTOER L ) AR IR R 414409, 20.81%,
18.72% ,12.57% H16.46 % , {H A 5] ok U5 XF 4% & 4 /&
B ok B W 2E k. T RAE S Tk AR e AR
R HE R T5 YL, & Al Cu, Hg, Fe I Ni %5 4 )&
15 L By R IE, SRR LB A 552 DAL BUE 53 )
4 83.51%,61.87%,61.60%,55.76% #155.34% ; H

SRUFE A SR A A AT = A 1035 Y X Mn, Fe Ml Ni %5 5
& A E HER W, TR 405 29.7500,22.20%
1 18.75% 5 28 il i S 22 18 T H iz 17 7= A4 (175 4, Xt
As, Cr, Fe, Pb, Mn il Zn %54 % — & W20, Hid
X As Al Cr 1Y 52 Wl 3K, 5T Bk 22 43 51 o 21.09 % A
10.34 % s 4 Ml P8 J2 Al A= 77 1 2l CRiAEL L3258 T B 1
(49775 Y W) 30 3k b R A% It 45 40 HICHE N B B8 T OE L i 5
Y XF Pb, Zn, Crfl As 45 9 52 W 8 K, 5Tk R 35 7F
25% VA b, BUE 5 58 39.87%,39.30% , 38.71% Al
25.35% o MeAR, AR FIEAE R IO U R IH R B iR e
PRV (035 Y3 4y, k45 B 4l B — e i 2
SEH R R 20.81% , Hotf Xt Zn, As, Mn, Cr, Cu Al
Pb 11 5 W 35 73 7K
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Fig.5 Analysis results of heavy metal sources in
groundwater in eastern Henan Province

A b S AT S A AT R L IX b R 7K Min i1
75 YL BB B L 45 & APCS-MLR B B i B 45 5 ]
AL Tl R L E SRR A R ARl 5 R R AR X Mn
() 5T Bk 43 51 18.89%,29.75% ,7.11% ,14.55% Fi
29.69%0 . AR M X AR Sy B R VO R Y B A
Sy B AR T2 & Mo, Fe G0 WM+
JZ A I 26 00 20 B AR 20 K S BR B B 1 3A D 2
WA, ffi Mn, Fe &8 &£ T T KD BRI
R B ) A BT A R R s R B R
Mn JC 2 SCEE 5 [F A G AF 78t & B, B AR
by X3 43 DX SR 7K Min o6 R M b, Q8 3 B S5 wF 5
R R TR 2 MR K H ) Min fil Fe %00 R AR
T4 2 Mn AR B 12,4 4570 DL L AT
B ARV Mn s Qe i 2R TG . A RS T
A7l Ak T 5 i 2547 b AT R S Tk A7k,
DL R AR RE 55 e 245 4 T A oMb 8 T8 25 ARl A= 7= #E 2 AA
T2 B ) 2 45 SR A S A b R K P A Mn 6 & 5 5 0L ]
R A R A 2 X 1% B 4 I 7 A — i RS )

24 MT/KEEERRRXKEITEM

AR SCHR 4 USEPA et B AU F A AR, IR K 4%
IR IR 2 fi 9 o 3 8 Xt T AR At X b T UK R 4 i gk
FRERUES AT P40, BLR PP 45 R L3R 9. AEBUE TR
(EAROK A GERAR T, BN FLEE (9 3 300 {2 R XU RS
HA M MPIE, Mn, Pb, Cu, Ni, Zn, Al, Hg fl Fe ()
Ak S0 AU H 6 5 i HQ AR K 18, 25 T R Y HQ Yy
KA K FILE . 76 R s 2 L 3E
(4 I S50 fet e XU W) AE B AH UM, Min, AL, Cu,
Ni, Hg, Fe, PbFl Zn 9 HQ AR i 3 , H A 1 HQ
PIRFILE HQ,

3 2o % bR K B IR R 2 ik RO AR kB
B R A2 fid i A2 1) Al S50 i B XU b IR T IROK B A
WA, HRAME 2~4 MBS, NEZFRER
7T B 254G WK BB HIR & ,Mn, Pb, Cu, Ni, Al,
Zn, Hg Fl Fe iy B AN HUAR U 8, o, Mn JG 19
HIf K, HAE A 1.14 E—01,fH/NF 1, £ e 8o ks
P15 Min % s A AR 1 A S0 KU 726 7T 252 Ju BBl O
RICE M HIMEE L E R 9.52 E—04~2.54 E—02,
[Fi) A 2% B 3k 46 5 28 %o ol A N AR 1 = 0 XU 7 T 42
20 [ Y5 JLEE (9 HIE K B /MK IR Ol - Mn>>Pb>
Cu>Ni>Zn>AlI>Hg>Fe ZUHIEFI N 4.58 E— 04~
5.44 E—02, F Wik 20 R L AR 1 A 2o KU
1] B2 22 Y

Xt F B T E , As o6 FE A ML E 1Y BoE KU
FEHCR %M 1.17 E—05,5.66 E—06,Crit £ i A
FMILE M CR 2518 7.76 E—05,3.74 E—05, HIt
A0, As Il Crot ZE 1 CREUE 4 T USEPA 44
9 1.00X 10 5~1.00X 10+, % B B9 7T 2 A4 i JE XL
I 7 1T 42 22 0 R

x99 BEMRMTRKEREESERERNR

Table 9 Health risks of non-carcinogenic heavy metals in groundwater in eastern Henan Province
. HQ yopnen HQ g HI ;e
TLH

I'UN JLE UN JLE A JLE
Zn 2.98 E—03 1.44 E—03 3.20 E—07 8.80 E—08 2.98 E—03 144 E—03
Pb 2.54 E—02 1.22E—02 6.06 E—07 1.66 E—07 2.54 E—02 1.22 E—02
Cu 6.21 E—03 2.99 E—03 740 E—05 2.03 E—05 6.28 E—03 3.01E—03
Fe 9.48 E—04 4.57 E—04 3.77TE—06 1.04 E—06 9.52 E—04 4.58 E—04
Mn 1.12E—01 5.40 E—02 1.7TE—03 4.69 E—04 1.14 E—01 5.44 E—02
Al 2.88 E—03 1.39 E—03 1.72 E—04 4.72 E—05 3.05 E—03 1.44 E—03
Hg 2.64 E—03 1.27E—03 6.55 E—06 1.80 E—06 2.65 E—03 1.28 E—03
Ni 3.25E—03 1.56 E—03 7.17E—06 1.97 E—06 3.25E—03 1.57E—03
3 it B JK T 42 R JC R B 5 A3 ] 23 A A B A RRAE A L Tk

AR SC LA TG 48 T8OR ML DX O BIF ST IX, 7 48 7R R

B R B Ml DX T K R R R T G R A R R A
B HEAT I . WERER R, R R IX Mn, As,
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B AR A TR IR DXCH TR K R ¥ Yl SR TR BT 5 R XU T A 147

Pb Fl NiJG % 1% 5 K AE 3488 o (b R 7K BT =45 1fE (GB/
T 14848—2017) ) , A SCHUAE 35 1= T 7k W &5 1 %) #5 o]
U 51 EE XTI 6 I 0T B AOE L KT T
Xt E M TR 2 N OK E &R A g R IR 5 b
N TR) DX M R K A TR o AR Ak 25 A N
HH T Mot RIE B EEICE, HEGIRE R
WX FOKE SRR EEILR, T8 TI
£ O o A R S D W N A R
55 % B A 4 BB ARHHAF Y St X B AR M X
Hi K H 4 TR T Y ok R AT 45 SR T, Tl YR R N
TR AW VE | SR U5 N A8 i U5 S A B X A% R T K B
4 8 5 LA AR 25 S 1 S BRI A Al X
BE 5 412 05 0 & R Tl R AN Al P8 2 2 50 T
K EE 4 B A B UE, BEAh, AR IR R R U A R A
il b K 4 JE ) ORI R Y S BOR R DY
XI5 S RN B AR O o 4 T LA A AR

A SCAR Bl USEPA fgt B XU RS 85 74 X% 72 4R |l X b
T K TR 4 el B XUBS R AT PR, 45 R R L B AR L IX
10 A it T 7K 5 42 J& b i) Al B0 o R BUE T R AR K
K AR A IR JER 422 ik 19 b 2k A o B A T L B A et XL
B YA T USEPA 72 11 53 R br 1, 38 BT8R |l IX 3
10 F 5 42 J& o0 2% 30 i AR OK 5 R B R 42 ik 4 i AR
X AR (8 5 W 349 A T 432 32 9 B PN [ B A X L
ol 3 12 & IR K B A L JE TR 2 ik 1 £kt B XURS: 1 2~
ANBOR R AR SRR FE R g R A —
b AN PR LB, AR Mn e E W HILR K, N
1.14 E—01, % W] Mn %t 50 A 09 Al 20 XU 78 7]
92 52 5 BRI O (ELAE Sy s e N 5 ) 81 e 55 A o
RO ZEMm S . X5ARCH T KELSEG
YL i 45 5 — 3

AR S BT ROK B AR B R 2 ik R o A2 6 1
7R b DX b K 4 i i R XU AR L R AT P AN AT AT
PN I A S5 A8 T Al B 50 45 26 1 4 Ja X AR 1Y
it BRE RS AR 5 TR B, AR SCRE B S BRI T
USEPA %5 72 BB, 5 7 75 Hiu X 10 6 A1 0 A7 7 2
VF2E R BU S5 A — SR if et SR, AR BF
G 45 AT AT B AR b DX M K R 4 JE WA S R e 4
BEERIE 2 % o AP X H R b IX M R UK 4 R 75 de R
B, KT Ry B IR A A R GE A A T b
Z R Ay B B K IR LR A T S B G G
Mn, As, Pb#l Ni i 5 SE1T R Gt fif A1 5 4 20
o VR Sk B Lk R BELT A A S R S A
NS5 0 P 1) A E AL B K BR JEE H a 4% 74R  IX
Hb R K R A R TS g Y DR R XK IR 4 R
SR B RE

4 8

(1) £ 5 48 oT 2 F B Ty : Mn™>Zn>
Al>Fe>Cu>As>Ni>Pb>Cr>Hg, H 1, Mn JC
Rk T (b T K AR HE(GB/T 14848
—2017) )iy LI 2 o FRAE , 8 45 R 2l 89.06 %6 5 Ass,
Pb Fl Ni 9 f5c KB 2 8 2o B 58 1 8 pn fEBR (B . 8 AR
Hiu DX T KN [R) T 4w 0k B R O 5 A3 [R] oy A A
A W 2 S v R X U R K A BRI
HE &R EEN R

(2) WEBIKE KT, 5 15 Y 48 £ B0E M
KB /N N . Mn>>As>Pb>Ni>Al>Fe>Hg™>
Zn>>Cu>>Cr, Hr | Bk Mn (9734 7K F Sy 5 15 44 LA
Hb AR TE 4R T ACE B i . NS 2
BHBORE AL T 5% B 5 Y R B TS e 0 R AL )
439k 36.13 %6 Fl1 31.09 Y 5 BIF 5 2% BH 5% 1 14 7R Hb IX. by
K TE 48 Y S R R Mn, HUE R ORI X SR
KE 4R E SHENEENE.

(3) APCS-MLR BRI br 45 R B, Tl R
FIUR ARV VR | B AR U5 RN A 3 IR BT 2 5Tk AR R
W, BTOMREE K YRk 41.44%, 20.81%, 18.72%,
12.57% H16.46 % , fH A [R) o 5 X 45 5 42 J& 1) o1 ik 2L
AW E 2SN N R T K E 48 15 ok i
(M SE Ak b, Bh2A AT T i B R P it PR )
PETE R Ml X MR 7K B 4 i@ V5 Yl YR A 15 R A 1 1 IX 3k
Hb R KA SR FH A DG

(4) FEARKHE AN B Bk 2 i ik 42 R, R L 38
(1 Al B0 LR 1 7 AT 4 A2 3 B, L RZ R B ik A2
{18 1 3500 i BRI S 35 IS T ROK B AR AR 5 X T B0
JCE, As Fl Crot 2 M F L EE A B0 KUK 358 504 4
T USEPA 432 19 1.00 X 10 °~1.00 X 10~*, H B
JCFR Y f B XU 7E AT 2 32 JE BTN . FE 43 45 A R K
4 R S DR R IO 38 o 2 28 A T L ke e XL A5 £k
ARV AT 2 12 DXl b T K it B RS fF 9 1 o S8 P 45
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