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Abstract [ Objective] The Lhasa River Basin serves as a crucial drinking water source for Lhasa City, making its water quality
essential for ensuring regional ecological security and human health. This paper focuses on analyzing the spatial patterns, contamination
intensity, and ecological hazards posed by heavy metals in surface waters within the basin area. Twenty-five sampling locations are
selected, where levels of nine specific heavy metals [ zinc(Zn) , manganese(Mn) , copper(Cu), iron(Fe), arsenic(As), aluminum

(Al), lead(Pb), chrominm(Cr) , and niokel(Ni) ] are thoroughly measured. [ Methods] To evaluate pollution status and related
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ecological impacts, the Nemerow composite pollution index method and ecological risk index method were utilized. Furthermore, risk
models assessing potential non-carcinogenic and carcinogenic effects on human health were incorporated. For identifying pollution
sources, both the geographic detector and positive matrix factorization (PMF) model were employed, revealing a combination of natural
and human-induced sources. [ Results] (1) Heavy metal concentrations in surface waters of the Lhasa River Basin complied with
class I criteria as specified in the Environmental Quality Standards for Surface Water ( GB 3838—2002). The average concentrations,
from highest to lowest, were Zn, Mn, Cu, Fe, As, Al, Pb, Cr, and Ni. All were below soil background values and showed a spatial
trend of increasing concentrations from upstream to downstream; (2) Zn, Cu, and As exhibited moderate to high levels of pollution and
ecological risk, with As and Cu posing particularly notable ecological risks. The average comprehensive ecological risk index was
210. 66, indicating an overall moderate risk level. The health risk assessment revealed that the risk from ingestion (2.91x107" -
1.32x107* a™") was significantly higher than from dermal contact (5.82x107%~ 4.91x10™* a™'), with arsenic being the primary
carcinogenic factor. Children faced a risk 1. 79 times greater than adults; (3) Source analysis indicated that Cu, Mn, and As mainly
originated from industrial wastewater; Zn was associated with agricultural activities; Fe and Al were influenced by natural geological
background; Pb came from atmospheric deposition. Watershed characteristics, solar radiation, and total soil carbon were identified as
key influencing factors. [ Conclusion| The overall water quality of the Lhasa River Basin is good, but some ecological risks remain,
which are closely linked to industrial discharges and agricultural activities. The findings provide a scientific basis for water quality

management and pollution mitigation in high-altitude river basins.

Keywords heavy metal traceability analysis geographic detector

B2 Tl At AR B i pR A T A K P i B T
Tk B K HE R HL T e P Ak A G A () H 25 ™
KR 4 R B AR I G0 &, X 8675 gLy [ dn 4y
(Pb) $#(Cd) K (Hg) 55 | AXHISS T KARRY A
AET1, 8 S 2 W05 15 b 3G, e K P N 25 fe
JEN KRR R R (As) PREE R (KK R
As JFEEHRE =100 pg/L) , EBGIFSESs B0
PRI SR S TR B BRI T Y
Bz BB B R BRAE L KO 1 A B A A
6 P B A I, H R X T — B BEFEAIG ~ P 45571
T As BEE N A E RN T A4 BRI fa X
PP A5 S m AR 2 5 YK IR AT REA Bom MAEEL
SRR KURS: L (Cr) F1 As (AU (B 2 26 2ot
RSB 17125 5123 (ICRP) BEE Y24 42 B

PRl 7K AR 4 i DA S S 4 T T e ELA B S
) S B, S B B S X B A 22 e g IR
fEMTEE R B Cd Fl As R T Tk R K HETR
PARAT PR IR R, Cr B R A 00 5 X 3 o 75 5 %
A it AT 25 A 951 2 D) AH 56 5 B (Zn ) AN (Cu)
AR IR A R B 2% | T REDS B Tolv HEl i A8 3 & 1
B IA S 2 R, T Ph 15 e ) 32 8 RS TR
5 bl L m oKz R 28 E 4R T
FRAEKAA U B A ok b 3R K PR 8 T o v A )
(GB 3838—2002) FR7E(H ,{H Cr 58 (Ni) 7E&B 43 X
ol 8 3]l B0 R A A S R AL, B X K AR

positive matrix factorization( PMF) model Lhasa River Basin

2SR G RER L RS AN 20, W X R KA N
MY AR HEL, © R P BE ZK A4 4 97 Y E
B AR SRR — R, &
%Sl (23. 84% ) A A ARHRBE (17.43%) F1 Tl
HERL(14.25% ) IR S /K R T 4 J@ i A R AN
U8, el v VR TS e i STk e i T

FL BB B T A9 B K U, -t A
YA TS, HK IR B0 X sk A 265 28 4 i J
AR T EENE L, BEE PR i s &
J& , AL AR 36 15 7K B HE R AN W, 7™ S sg e T
LBl B, BFE 10 W, 0] AL 4k Ui X
WU E 48 Y R E (12,6 ng/L) B3 R TIK
JIAEIER , 3% — 22 53 R I NG xRk B =4 T
WEZW, CTELSENCEIE, HRiE A S
H AR BT S Z P AR R L, RS BR As Z
Hh, ZHCE SRS BRI TR RS RGE A
A R rr XSS AR R AT, AL I 38 PN 3R et R A 3 T
FEUA  FLBK b ) 4 v R 3k v T b K, ELYT
fE ISP H Cr Ni Zn Cd Hg &0 R & H g
DI S, 2 A X 2L o0 R AR R DT B b Y
AR T X K AR 5 AN A S ) REAA BT TE U

R, B X B 9] 9 3 o 4 S T G (R I S AT 4
AT R, U AR T Y DR A BT T R O SR A Sy Bk
Z 0 R, AR AT LA S R T A 25 A
RIZKERFE R, REH Zn B (Mn) | Cu, £k



TN, BB, XI5 4

0 T 22 A A < ¥ Y R R A AT

Vol. 45, No. 2,2026

(Fe) As FR(Al) .Pb Cr 1 Ni 9 Fh 84 J& 19 7 5K
V- R H AR A Ry . RTINS 25515 Y e 80k
VAR AR A AU 6 8 ( PERT) 3 3P4 K A v 8 4 )
(A5 G IR B0 A A A KU I 5 A B I 25 5
TEFE R A 23 i ( PME ) 570 0 HG 8 1 R U 2R A T
ERPUN, BFFE R TR (1) AL % {0 37t 3 4
J& 15 G REIE 5 R BT, A X sl P A5 XL A 4
5515 3B A SR W R 1 R AR 5 (2) X g
DRHEATIE W, SR RE 54 S R 5 0 R Sk 2 4 R
Rt UL Ry A

1 MEFE
1.1 #H&m*E

P 38 R T 5 2R L2 R S R AL
il JE T HEE R AR VLS . 2021 4FE 5 A AR
[ TR FE 11 R TN | Boa R T2 A s LI
WARBERAE 25 DMRIZARRMFES (B 1), AR
B S P HLBE B R 2R B 2K R, SR A7
Ttk N ST, LIS T E ) N A
TG Y EON AR | 7 5 T B AT ek A 3 AT B A S
Ui, AT DB f AR R e A A v

B1 fiEaREKERECQE (FES:GS[2020)4615 5)
Fig. 1 Sampling Site Map of Surface Water Bodies in the Lhasa River( Review Number was GS[2020)4615)

1.2 HmAtBESSH

TKAEAERAE B30 1 Whatman GF/C B35 41 4
UEREHEATIL IR JF T 4 C 2600 N ORAE T 42 800K A8
W, T 72 h Pl T UK s i = g E , KR
Zn Mn Cu Fe As Al . Pb .Cr 2 Ni ZZE 4R ILEN
VR o HL GRS 55 B TR R SO AL (ICP-OES,
Agilent 5110) 5E , EHGXLETLEIEH Ttk 9 Fhoc
R AR BB, I AR b i 71,
FEAT LA DA $ A5 F0 AT 340 J5 28500 o (M AR R A
EHES T RIANE R EE . As AR)E T E
)i, PRUH AR 25 18 3 M O HIORE A AW SE S L
Bl s s R R 3 H K SPSS 19. 0 #E47 %

5343 (PCA) 1 Pearson A 4381 ; F) FH ArcGIS
10. 3 B, 5 F Kriging 1 {8 77 12 4 i 8 4 )@ 25 )
AT, S5-GSO Y A TR A S i R
JRUEHR AR P A B Excel 4 A% b B 258 7 T
ELSG R e FE B XU, 1) B 5 R B A TR A
B 2R W/ Excel \Origin Z84801F 5 R 155 52,
1.3 RERIESES

ARG BT (58 T 00 B A Ak 2 3500 34 S D 9 4 2%
1), I ) R 9 e P LB R O 18,25 MQ - em
R ZEK o AEIER TF 4R HI, BT A7 T A A S 1 10% 1Y
SR W IR IR 24 h, IEROR IS TS i . S Bij Ik A
in 52 B JmTs g R g A A v A Sk A S 4 )R



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 2,2026
February 25th, 2026

Vi, BRI E 3 TR, A 10 4
FESHIA 1A 02 FIRE . K25 R Bos . 25
R 48 B B AR T S PR S R B R
TG HCHE 0 WA
1.4 KiEpELEITFEHFE
141 BARTK bR E A

FR 4 (M % K B8 5% 0 & bR #E) (GB 3838—
2002) , 35 FH W Ik B AT K B PR A, A WA
A T B 55 T AH 28 S s o PR, DU 2 32 K AR A
ZFHK AR, DL 2845 o R A AE R 0 i
{8, 27K R b 5 4 Jm vk 3 ot T o BB B, A
AR
1.4.2 WP A5 Y4850k

TR T () 4 5 Yl i 2 FPoT R ) P )
VEH, BA—R P bR T RE TG 4T S W H 5 YR
AR LR G s YA B R —Rh 2 i K AR R 5%
BTN LR G T AU I A T3 B i K
TR 5 ™ H A 75 Y PR 28, AT R IIASL IS A 358000
AFEN > (1) ~3K(3) .

PG YRR (1) .

p =l 1
i _ST' ( )
Hp o —XMESRITER;

P—— %IRRT YR EL
C——55 i P 4 A Sl o ik B (LA
ARSI ), me/ L
S,——JGE i XN AP S v A, AR5
DA M 3 7K 3R 58 5 = AR ) (GB 3838—
2002) H I 28 7K J5i BRAELAE S B (6 2 55 b
M, mg/L,

WS 22 S5 Jeds Bata =t (2) ~X(3) .

P, =./(P},. +P)/2 (2)

B 1 n
pP==Yp (3)
n

i

1=

Ap P, —— S 515 YR 8L

n—y5 YW FPIEHL
P, — TR E S E T YR B R
1A

P——5 QBRI AR ME
MR AL 255 15 Y A8 B0k | KA BRI o

Q530 5 AEFER (R ), WHTHIRTTE PRI, n=5
AT LLGRAEST A 225 R 5 T S 2, S 2 il fe KRR A
F Ay g th 27 ELRG % I8 4 R 15 M AR S
BHE Zn Cu As Pb Cr 5 FoCRIEATHIS
®1 NEBFRETREHI R ERE
Tab. 1 Classification Standard for Nemeiro Composite

Pollution Index

E31Y WIS A TG YR A TR
1 (- ,0.7] T T
2 (0.7,1.0] ¥4 i T
3 (1.0,2.0] BREEEg
4 (2.0,3.0] o By g
5 (3.0,+%) S Y

1.4.3 PERI i
PERI & T35 i sh e A X st sk A5 A4
BB PERI Byttt (4) .

PtmziEi:iTﬁ»'C; (4)
=1 = (o
Hrdr, P —— %75 4491 PERI;
E, —— G o T AR A A KBS A5 K
T, ——% 75 YW HBE PR o R H
€55 § FO A TSR B, me/ L.

O T 5 4 i 7 b 32 K vl A% 95 i 7 R A
TR N 2 Pin, SRS 4 I A A KUK 4
RN hRMEINZR 3 Fros . FEARWPTFE T RS S
=3 B 4 8 B R B, P Cu Zn  Pb Mn Cr,
As Ni 7 BHOCRBEAT T

F2 MRKPRESENSUEMNERBNE RE
Tab.2 Toxicity Response Coefficient and Background Values
of Various Heavy Metals in Surface Water

s Cu Zn Ph Mn Cr As Ni
T 5 1 5 1 2 10 5
S; 22 65 31 619 42 20 21

#3 PERI X#HRE
Tab.3 Classification Standards of PERI

E, Py VR 5 LB S %
Ei<40 Prri<150 Vs
40<FE'<80 150 < Py, <300 th
80<FE' <160 300 < P <600 Eiy
160<E!<320 P >600 &
EL=320 Pgy>600 R




TN, BB, XI5 4

0 T 22 A A < ¥ Y R R A AT

Vol. 45, No. 2,2026

1.4.4 AFEFRXFS I

5 [ [ 58 PR B A 1 SR ( EPA ) ) et 5 X A5 750
ST R L3 3 3 FH A R R 42 f o T 6 1)
O RS0 KU

B R i A7 174 i e XS TN A2 280 FH Al
I K R il | & R, AR R TR T TS )
() 7% 8 i RO R AE I R TR (5) ~

(8)

(D, xS, x 68.17)
- By

Ho R, — b2 20m ) | ik ok R s
Y NS R AR, a7
D, —Ab2ESUEY) @ 38 i B R il A B
PR H ¥R, me/ (kg - d) ;
S, — AL FEEUE Y @ 2K BN B BUE
AR mg/ (kg + d) ;
By,— AR kg
68. 17— b X J& B AY IR 4y, a,
b2 B0 38 S AR K B AR 5 | B4 i R XU Fry 31
wHm=(e) .

(5)

nc Di
R; "R, (6)
o Ry —— S B0RY) @ 380 B IR k5 R
A9 NAF IR 7" 5
Ry, ——CAE0Y) @ i B K i 2
it mg/ (kg - d) .
e IR INA(T)
I. XA, X Fy X E,
bi = By xT, XE,

HoHp L L —— PR B AR WA 1) b 27 B
Wi FliE, mg/ (em® - ) ;
A NERE, em?;
F——URIER AR R/ d
E——H R R d/a;
T\ —— V¥ 550 ] a;
E,—RRERIER

B 73 6 xTXxT,
[=2x107 xkxC x [———— (8)
e

(7)

Horpc b—— BRI W R 1A 5
T——{5 B BRI R 452 B AR IE] s
Ty —— VBRI by

et Bt an(9) ~(12) .

[D,S, x 68.17]

9
d 5 )
Dri
RY = (10)
! Rfl)
D _I(IXAstFExEF <11>
! BW X T4 X ED

I[,=2x%x107 xkxC, x /76>< * (12)
d ~ d

Hr R, — ARSI EYI T d 8 i AROK IR 1R
PR A RN AR AR XU o~
Ry ——AESBUR YT d 85 B Bk Ak e
7 B NI AR AR RS a5
D, —AEBUEMEY Tt d W3 B IR Ak i
IR R me/ (kg - d) ;
1, ——IRTE Bl A AR JE SO P I d

L, mg/ (em® - ) 5

C,——ARBUERIE 5 d ORI T e
mg/L,

EFXTHAEBUE Y (1 Cu Zn . Pb Ni Fe Al Mn),
HZ x4 0.005~1. 000 mg/ (kg - d) ,
a5 KU PPN S AR AL 5 =X (13)

R, =R, +R" + R, + R} (13)

Ho . R,——75 Y438 b AR I 12 45 B ok 2 fi
AT AR 77 Az A AR N 40 4 At i XU
fH,a™",

1.5 BEERBMWESH

Ry R B PEA TS PR X6 fR R IXURS: 25 1] 0 5 1) 5%
M, >R FH b R0 2% 7 i, 3l 400 ¢ RS it
HRAEE TR, BB A =5 3 S
B IR UM i (AR R AR ) DL R s I
R [ HhFRE B RS (CIS) B2 s F A 28
BT A MRS B S, % [ AR R AT iR
EHARBE 2B 45 R 7 X6 DRI A 255 [R] 40 A s =y 1)
fERRAE ST, R, IR PMF A7 AT 5% ol 375 1ok
SIRIGYORIR, PMF BIRLE o JE 0 29 1T ik
FE RS R BITEAE T5 e U5 S LTk R AL




WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 2,2026
February 25th, 2026

T EPA PMF 5.0 &5, 45451 SF2F (BS)
B (DISP ) 7 A G AR 0 AR B M b AT AT
PMF i ik f5e/IMb B bR s g Q (B i e L R4,
R 2 SR A T 4 R SO RAE LA S 45 15 YL IR AE B
75 RO 5Tk Lo i)

ARG 0 38 5 A OGP S B B 4 e T R )
ARG R E(r) S BB (P AR , PPAL H ek Al 27
F1 R ARARL I v 78 2L 8 56 & 5 #E4T PCA i, N
Bartlett BRIE FEAG 56 (p<0. 05) A1 KMO Ji 2 (K 5
(KMO>0.5) i ik #4816 A K+ 20 A #I H K-
Means 3287 3 T 5 4 8 & i ReF 1 SR AE S50 43
R =2 PRI A 1] 43 A REAE B SR A st PCA i
W A I R4 LA 1 5 25 DTk R, S i
SBICRIEAT F R e R X e A

D7 ik AL 48 7 B 4 R o K A SR 5 e
KA 1523 (R 4 ZRRAE , A5 Yo 5 BT 25 5 Sl
2 ZREE
2.1 REBKEDELEZES S HITHE
PB4 3R 2 K AR 4 )8 1Y Kriging i (B 45
F(E2) , &M Cu Al Zn A 2SR50 A FLAAR L
PIRBUE DA R, M RS, Mo Al
Cr [ A DX 38 32 2 B AE B8 A TR i3, As Al Ni
TE 25 0] o3 AT A0k — 3, e i X 32 24 i A i 4
T UEHE e M B N NI, T Fe AT AL YR (ELIX.
WS FHrg=inr a3k i 24 b B (R17 F1 R18) . Pb 1Y
D AS ) R AR R Y X
ARG T A K B B T RAR R B AR T
SR PO A H X,

B2 HFEAREREKEESRESEZEHHIE
Fig.2 Spatial Characteristics of Surface Water Heavy Metal Content in the Lhasa River Basin
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Fig.3 Statistical Characteristics of Surface Water Heavy Metal Content in the Lhasa River Basin
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Fig.4 Assessment of Heavy Metal Pollution in the Surface Water of the Lhasa River Basin
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