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Abstract: To identify the dominant factors governing groundwater pollution and to apportion their
sources, a representative industrial area in Shishan Town, one of the major manufacturing hubs in
Foshan City, was selected as the study area. A total of 135 groundwater samples were collected.
Hydrochemical classification combined with a Positive Matrix Factorization (PMF) model was
employed to preliminarily identify the dominant controlling factors and potential pollution sources in
groundwater. Pollution zone classification and source apportionment were then performed based on a
Self-Organizing Map (SOM) neural network. The results showed that the study area can be divided
into three hydrochemical zones: Zone I encompasses the area around the historical landfill and
Changhongling Industrial Park in the central part of the study area; Zone II is the interlaced zone of
farmland and low-intensity industrial areas in the northern and western parts; and Zone III is the former
lead-acid battery dismantling industrial area in the eastern part. The results indicate that: 1) Average
concentrations of Mn, Fe, Al, and Ni in groundwater of the study area exceed the Class IV limit
values of the Chinese National Groundwater Quality Standard. Heavy metal distributions exhibit
pronounced spatial heterogeneity strongly influenced by anthropogenic activities. The PMF model
suggests that pollution sources contribute 78.6% of the observed pollution. 2) Hydrochemical patterns
in Zone I are C1-HCOs3-Ca+*Na and Cl-Na; those in Zone II are HCO3-Ca and HCO3 - Cl-Ca; and the
hydrochemical type in Zone III is SO 4-type. 3) Hydrochemical zoning results derived from SOM
cluster analysis and hydrochemical analysis are consistent. The hydrochemical patterns of groundwater
in Zone I and Zone III exhibit the most significant differences, while the differences between Zone I
and Zone II are relatively minor.No direct hydrochemical correlation was found between the excessive
Ni concentrations in Zone III and Zone I. The excessive Ni concentration in the groundwater of Zone [
may be associated with historical landfilling, reflecting a point source pollution.

Key words: groundwater pollution; hydrochemical classification; positive matrix factorization model
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Fig. 1 Location of the monitoring sites

R AR DX 3l b, 50 ) L B4 7K S Ml T A, B
X P 32 2 R Y )22 e 5 A A S B Rk vh
AW EAE MRS A A SR AR A 4
B RS A AR A . B XA PR DA
AN F L TE 25 m LN A T2 KA B 3 3k 5 2
FRABREE 1T K R EATF T 2 KA AR X
TP A, b K RIS LT 2 B K R | B K
PR, J T K M I

Hi R 7K FEEE BIFFE X AR B va 3 ) 3R 51, P
R AP ik . th B E HER A
R K IERTE 3~7 m, K I BER /N KA Rt
5% X PN T KRR T2 EOR R PR KRR AR, K
BB I 4 m, [F] AR R 43 A K Ul B T A TR
IR R Z N R TR 78 Rt/ N T 20

WIS X A8 e P b K3 555 (24.0~27.0 m)
5 B FR KA B A (12.0~18.0 m) ; 5% X AL 4

IKAE R 19.0~21.0 mo bR 7K 9 30 1) 5 Ml 1o 40 4} 7
] FE AR — 2 AR 9T XK S b 17 150 AL B 58 HY R -
B E 1,
1.2 H&:FXESK

FRE B 11T Z RS 5k W 98 X8 AR 3
/KN 1767.9 mm, FEMAEPRARE R, A R0 5%
DS e RAE [ /K o0 2 374.8 mm, B /ME K i
1 141.8 mm, FFE/KEA R ZEY A, T2 E
eI (4—9 H) , 45 H W= 7F 170 mm DL |, Hiji]
(1) SRR K B A A B TR B 11 80% ZE A o AR B
TR, ASBIFFT 38 ] 2023 4F 9 H 2 2024 4F 5 H %4
() 32 AN SR A 135 4L /KRR i (L H 2024 4F 3—5
H K RAE 52 20,2023 4F 9 H—2024 4F 2 A #lik
WIRAE 8341, ¥ KAE . it I
A R R KA A, SR AR R A e BRI TG R4
17l bR o FLYE 64T . 135 4 RE 5 34 11 T PMF i



4 Rl KRR (HRBZEMO I 30) XX 3
SOM 47, 714 6 2745 A5 Ak Xk 7K A 25 R AE 1 B N s
B T A B i B o T A 6 B 0 AT U — kA e
TSR T 25 RS i A S BT s SR AT 5 P PP ap— ki

R 48 B TR 7 0 52 K TR pHL L A A 4 L pind D o

SR AL FER AL, K Ca® Mg R T i
% (HJ 812—2016) {5 ,CO> \HCO, R JHEL W i &
% (DZ/T 0064.49—2021) il % , SO, .CI \F" \NO, .
NO, 2K JH & 7 {43 7% (HI 84—2016) I %E , Fe \Mg .,
Cu.Zn Na R A8 G 45 B 11K & 51t ik vk (HY
776—2015)M5E , Al.Cd .Pb Ni . Se 5 JH] o JEkE 75 45
B R BT (HT 700—2014) W5 , Hg . As % FH 5
FHIE1E (HI 694—2014) I & , NH,-N 2R FH 44 it
FI 43 66 VL (HT 535—2009) I 58 , 75 e 1k sk 144
(TDS, total dissolved solids) % JH & & (H T KF)
(DZ/T 0064.9—2021) M7 . 78 R ZHZR 45
Flbe  DUGfbmi 2K T .S .CN .Cr(VI) Ag iUk
HRANJE 50% , ARFFEA A G0 0. A RE
BB PH S T i 1R 25 B 7E£5% LA
2 Wk
2.1 RHERBGE

Piper —£8 L) 32 H T M T 7KK Ak 27432k
5% (Piper, 1944) . FLJiE = ML X K AL F 432500 AN
JEZ AR EESIZE I T E AT R AN B A A T X
FFA B T2 R EAT A B R (FhIE.F745,2007) .
2.2 PMF#&ES

i FH 5% [ 2R 85 (4 B B PMF 5.0 JF 17 U6/ #r
PMF &2 (AR AU | S A0 AR Vi 46 it Ay 1 ik
P U0 i A O A A 2 R I, 7R R 800 43 A0
D7k X R R AT DA, B s AN i A R Al
BRI Ty 32 M e 152 22 52 ), IF % AR A SR M ER s AR
1 58 P 174 M ( Paatero et al., 1994) .
2.3 BHELAMHEZEN(SOM)KEZL

SOM J& — PR HUL A= W) R I = W B 2% > i N T
Fi 22 W 2% (Kohonen, 1982) . SOM {3t 1 & 4k 5 4l
R AR Y SR G 2 ) 0 TR AL vk TR PR B T
J b B 1 40 F NG 5 O R (RIS 45, 2017)
JEH 15 T e e R e e Ak

SOM A I 25 I 4 28 ST Jal 43 R AN ] IX 3, 4%
DX 3l 3% By A TR LA AN [) g i 97 R A R A
2015; FET2,2023) o %45 R )2 P26 A )
EF TR AR S AL 2ol Tk
TEA S EAE S i 1 2R 4k 454, IF LIS ine
WS AE A e A N HES i 2R s F LS (&1 2)

A3 | HEARL R, eeeene ks,

Ylk | HAR BEAg eeeees A, a
LN l

00®
‘ ‘
D oy “[ .

SOMEE 2 & LT A 4 $b
K2 N Msmih

Fig. 2 Hexagonal grid topology

A WFFEAE B MATLAB R2024a # {2 1) SOM
TEA, N AR T, SEBLE I AT R KK Ak 2
FRIE A28 IR il — 20 o A B i RS L, 45 & &
(4] 50 A1 RS YA AE 24T, SEERTS YR A9 H bR .
BOLIRILIE 3,

3 ZERME

3.1 KL 4R

W95 X pH b 3.6~7.6, F-34{E Jy 5.7, s AT AR
HB pH fEFAG , A4l b 5T 5 5%, mF X R 7K £ 2k
ZLIZZLWK 38 2 0 B R AR 2 T i ALLLES
F o4& WIS A T 1R KA, 38 1 K AR
FH A B HY, S 20 58 X b F 7K pH i /il . TDS
Jo R R 90~3 740 mg/L, F- X {E A 523 mg/L, BR
A A4 A1S FIAL16H5E 1 000 mg/L 4h , HAR K
T 1000 mg/L, FRZERFI, BF 58 X LT K&
K 55 R PR IR K o BT vk B HER O« B
B Ca¥>Na™>Mg*>K", BH B i it Ik BEFA (AR
4163.90.39.20.6.94 4.21 mg/L, 1% F SO, >HCO, >
CI'>NO, (N) , Bl & + it & vk B P W KR R
184.10.93.00.55.00.,2.82 mg/L([&4)

WF5E X R 7K 35 2 4 8 - YR HE P R Al>
Fe>Mn>Ni>Cu>Zn>Pb>Se>Cd ( & 5) , H:H" Mn . Fe .
AL N J5t 22 Y B2 9 E 53 501 8 A HEBR (B TV ZE (GB/T
14848—2017) 14 1.05.3.12.33.96 .4.04 1% , 1M Hofth
4B TCER (- 2 BE A T AR fE R {E, Cu Pb. Se il
CAFEH AT FE s AR . 1% [ PRogAE AT 75 HLA (IARC,



XX

IR, A5 MR KIG G2 T Bebc s i IR 5

IR EAR AR HEAL(NXD)
SR E ME T, SEWIEN)
&L

v

BEH LA N I 2R
Xp(p=0,1,2 ,-++, N-1)step=0

l

THEEREAR Xp 5 I A #2270 2 18] BRI ER
T BB R ML TT
PEMEAHZE TT

l

XA 22 7 B HATUZ P 1 28 70 R AU
HEAT

i

RENERIKEL?

K3 SOM LT
Fig.3 SOM algorithm program

100
7 gk offE 7 25%~75%
220007 1y S1QR(1.5140 5 ir ) Y 0515 (IQR= 1145 fr - F 1943 780
£ o
= -
Jui =
v£ S :‘é
71600 i
@ 50 2
g 400- S
ja=} R
s £
6 2 - ,1"
[

$0 £ = — .
© e | k| mg Na' o [ ncoy [Nosey | sof

[GEER CEER

K4 MK FEEE TR

Fig. 4 Major ion concentrations in groundwater
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