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Abstract: To clarify the impact of different pollution sources on the ecological environment and human health risks, a typical
river in the northern Shaanxi Energy and Chemical Industry Base was selected as the study area. The concentrations of heavy

metals (Cu, Zn, Pb, Cd, Ni, Cr, Hg, and As) in 59 sediment samples were measured during both wet and dry seasons. The
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Geo-accumulation Index (I4e0) and Nemerow Index (P) were used to evaluate heavy metal pollution levels, and the Positive
Matrix Factorization (PMF) model was applied to quantitatively identify pollution sources. Furthermore, the contribution of
each source to potential ecological risks and human health risks was quantified by coupling PMF with the potential ecological
risk index (RI) and the human health risk assessment (HRA) model. Results showed that the average concentration of Hg in
sediments decreased from 0.10 mg/kg in the wet season to 0.01 mg/kg in the dry season, while the concentrations of the other
seven heavy metals were significantly higher in the dry season. The average contents of the eight heavy metals were at
non-polluted to low-polluted levels, yet the overall pollution status remained relatively high. PMF results based on receptor
concentration indicated that heavy metal pollution in the wet season mainly originated from industrial sources (48.23%),
transportation sources (31.06%), agricultural sources (11.84%), and coal mining sources (8.87%). In the dry season, heavy
metals were primarily influenced by industrial sources (58.83%), coal mining sources (28.12%), and transportation sources
(13.05%). Results from the PMF-RI/HRA coupled model showed that the average comprehensive potential ecological risk
indices (RI) in the wet and dry seasons were 160.27 and 147.00, respectively, corresponding to moderate risk and low risk
levels. The wet-season risk was mainly driven by Hg emissions (98.46%) from coal mining sources (48.27%), whereas the
dry-season risk was primarily due to Cd emissions (69.52%) from industrial sources (46.87%). Carcinogenic risks were
observed across all population groups, with boys exhibiting the highest risk, which was mainly attributed to Ni exposure
(>80.13%) originating from industrial-source pollution (>51.47%). The source-oriented ecological and health risk assessment
results provide a scientific basis for pollution prevention and control in similar regions.

Keyword: Energy and chemical industry base; heavy metals; source analysis; coupling model; source-specific risk
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Fig.1 Sampling sites in surface sediment of the Kuye River
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Tab.1 Values of relevant parameters in human health risk assessment

3-6 % 6-12 % 12-18 % ISUN
ZH gy AL
% £'8 % £’8 % £‘S % E'S
VIR
Ring . mg/d 76 68 108 99 99 75 100 100
H
ED 2 a 3 3 6 6 6 6 24 24
BW SEYRE kg 17.9 17.4 32.6 30.6 534 48.5 62.98 55.52
IRy BRI EIES m¥/d 8.55 7.85 12.25 10.9 15.65 11.65 183 14.9
B kAR
SA4 2 0.75 0.74 1.13 1.09 1.58 1.49 1.68 1.49
AR
B Jk B A TR
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Tab.2 Non-carcinogenic reference doses (RfD) and carcinogenic slope factors (SF) of HMs, mg/(kg-d)
HEE RfDjng RfDger RfDiun SFing SFder SFinn
Cu 4x1072 1.2x102 4.02x102 — — —
Zn 3x10°! 6x1072 3x10! — — —
Pb 3.5x107 5.25%x10* 3.52x1073 0.0085 — —
Cd 1.0x1073 1.0x10°° 1.0x10°% 6.1 — 6.3
Ni 2.0x10? 5.40x1073 2.06x10? 1.7 42.5 0.84
Cr 3.0x10 6x10° 2.86x107° 0.0085 2 42
Hg 3.0x10* 2.10x10°° 7.04x107° — — —
As 3.0x10* 1.23x10* 1.23x10* 1.5 3.66 15.1
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Tab.3 Descriptive analysis of heavy metal contents in surface sediments in different seasons

TiH Gt 8 Cu Zn Pb cd Ni Cr Hg As

P 57.65 179.07 35.85 0.49 91.03 100.65 0.01 23.63

; HRME 8.51 29.76 5.28 0.08 18.04 16.71 0.00 3.72

R S ON: 216.20 387.56 124.30 1.41 197.55 209.56 0.04 66.94

5 R 0.72 0.45 0.61 0.60 0.46 0.46 0.74 0.57

FHE 41.31 165.76 29.45 0.11 68.37 87.72 0.10 19.98

HRME 9.47 41.03 8.94 0.00 17.04 28.62 0.00 6.55

A ORME 85.72 341.43 57.20 0.27 151.97 199.52 0.25 42.12

A 5 AR 0.49 0.44 0.36 0.61 0.46 0.42 0.73 0.43

HREEN y‘dﬁjﬂ% 25 70 24 0.177 32 73 0.042 12.8
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Fig. 2 Descriptive statistics of heavy metal content in surface sediments of the Kuye River
(a) Significance analysis; (b) Spatial distribution map
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Fig. 3 Heavy Metal Pollution Characteristics of Surface Sediments in the Kuye River

(a) Geo-accumulation Index; (b) Nemerow Index
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Fig. 4 Heavy metal source composition and average contribution rates based on the PMF model (a) correlation coefficient of heavy
metals in wet season; (b) correlation coefficient of heavy metals in dry season; (c) PMF source analysis results in wet season; (d)
PMF source analysis results in dry season; (¢) average contribution rate of heavy metals in wet season; (f) average contribution rate of
heavy metals in dry season
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Fig. 5 Ecological risk distribution of heavy metals (a) potential ecological risk index of individual element; (b) ecological hazard
index of specific pollution sources
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Fig. 6 Carcinogenicity index distribution of heavy metals (a) carcinogenic index of different populations in dry season; (b)
carcinogenic index of pollution sources in dry season; (c) carcinogenic index of different populations in wet season; (d) carcinogenic
index of pollution sources in wet season; (e) carcinogenic index under different pathways; (f) average contribution rate (inner circle:
wet season; outer circle: dry season)
B 6ac 7 1A KA = AR 0 e BT DUARY vh EE < A R AR B0 KRR E . 85 5RE0R, T
NHERIF-35 TCR AR 35768 H B XU K7 (1LOOE-4) 0 AN [ A7 I - S B A A B0 AU S I8 2 5, KL
KrflEFF 9. 3-6 % 5328 (8.31E-4) >3-6 % 1 # (7.88E-4) >6-12 % Y # (6.60E-4) >6-12 % 42 (6.55E-

11



4) >12-18 % B (4.29E-4) >12-18 B L # (3.93E-4) >sFE Ltk (2.83E-4) >RAER M (2.61E-4).
BT RS EOME, TN S S N Bos AR IeEE B2 2 5, R =5 80 )
B I TR S A BR o T BE AR 8 BRI, B0 KT EIN I K%, 3-6 8 B ENEUE AR RS, o8
HH I 2 B0 R K S (1.00E-4) [ 8.31 435 o L rp 48 DR NI RZ 42 ik B0 000 JRUIS: 43+ 1) A 28 i R 7K
P 5.85 A1 2.45 fi%, ULEKES 5 B AR E &8 & AR NFN R K 2 85 U T AR U e U, TR T4 T
AESIRFEISS), o OGN IR X PR, ST i E SR EA KR, BAERKR 53
FEIF ), X5 )LEX E AR A AR S BT A — B0, g8 b, N E BRI AR
PST5 Rt AT 81, FEE DR NFI R 2 85 IS AR I - D Al PR 15 N FF00030, hnss s B LE H W P A
AT, LA 3 PR N A4 T I D £ 3R XU

AN Y5 PSR YR A S0 AR B L TTHR 3R UL B 6bdfe /K HARNARL K IR SRR . 28 I8 . TR«
MLJEY) TCR ¥I{E A 4.64E-05 F1 4.00E-04. 3.42E-04 F1 1.24E-04. 4.28E-04 1 5.86E-04. 1.53E-05. F&¥F
IR R I RR A AR IR AL, T YR B0 RS 588 1d 1.00E-04. Horr,  TMVIRTEF K AR K
o S B0 R IR P Y TTRR N 51.47%H0 52.76%, X FEIAKE T Ni (& #m fm itk (0| Bk
Befoh, UVRIRAR R FIERRE T 508 0.84. 42.5. 1.7 mg-(kg-d)) 6413 A ni, A8 H 5 Tl
T TR AR B B0k IRV PR B K IR B R T RS G SRR

3 BEARRYTESRMARFIRMERTR

BT RS M A ARG AL, 76 8 FiESEY, Hg (FAKED A cd GhKRID RN B
(Eing=97.53) FH %5 (Eica=79.47) A, 3252 FLyR & A 25 14 ZR 40 =1 B 8018, 06,671 R IF KU (48.27%)
LMV (46.87%) 7379 5 3= /K BRI ACHA A= 25 KU 1) 1 ZE DTk e, Ho& 28R (32.79%F1 35.69%),
HERIFERITTRAE] 18%. Ith4h, Hg F1 Cd 7370 ik 2k B B IR A TR 98.46%F 69.52%, i H
RICEA AL 3.0%H 31.0%. PMF 25 R TR, F KR I FIRAN & 8 48 2 IR FENY 8.87%, {H #8444
25 U 1) 48.27% o Al /K H MV YR RO A 30 Y5 43 1) o 2 K 5 114) 58.83 % 1 13.05%, {H 1 A= 745 UK 11 46.87%
H135.69%. Hg F1 Cd {E AR HEMNSRNE LB ICE, v S5EM RN BT R R R Eas &, 30 4 i i v 1
(631w F AT 7 AR A B W4 T A R AR ST IR T 520, B D SRR BR AR IR Ak, By o A S T AR A R B
BRIt 55 SRR R0 T 5% ol BT i AR A o o 4 S AR A AU B e il U5, Hg A Cd B R EEH AR &R .

RIRTT IR A 3R AN T JFT = 7K B ARG K B B0 R R BTk 73 718 5.61%H1 36.03%. 41.09% 1
11.21%, 51.47%H1 52.76% (B 7>, 2288 Tl 5% S0 IRV 1) 500 B 2 T At SRR . Ni A28 TolkiEEx
P RS B AR e &, S TV RS B TR o5 L9k 80.13% (FR/KID) F1 84.96% (Rb/KI, EMIE T HAF
Tl 5 S0 KT A B SR . B RN, B8 RS AN 5 S8 Sk BT, B2 3%
MERNGETHH, GFETENBUERERT. £0EAE. FFEEERMEKNERT, SRS ES
JEX ARG JesRIR I TTRR R 25 e 3 . Jn i I ARAE TR BI R A0S, R I Ni 2 5 8EUE XK TCR {E 4
TEANET T 52 S0 R 1) FE IR, I RERT AR s XU . BRI, KR BELE Ni KPR R RS
FR B AE R (IO . S R AR ) B RTRETES, T DA LEE, A TR E
S IR ) 4 S0 AU B AR S R, Ni & HAFR G E

e S R P IR 0 5 A LR G R B (R DG AR o R TR T YR TE A R B A 00 B AR A R
fE, e 250 RBUELE IR, R ERRESRTRIAESHER . AR T KM, #K
W2 AR ok . KRBT R B S N oS shig e, Nz b5 2 S E 44, R4 Heg. Cd 1 Ni 25l
HESFEORNER . Fik, 7ERTVKH, NESRAEL T BIER R #0477 5 R SRR R DRI
Pl R LR 2 5 1 MR BV B, DA IR A TE e AR, 2515 SR B R Tt G B s R M HE . TEE K,
TS BRI . HERAR RIS SRS LY H, R B FA@ I A, BRI RS Yt
TR B R 500 . YT 3 48 1 i B ORI N 15 e e i A2, T 3808 T 9 X B & Jg i e
MIRFSBAL,  BRAR LR Ik A SR S A0 ) T I B IR f R 1 e 55

12



ol | TAkiR58.83%

AiBIR13.05%

B 7 E e mis foREAE SRS 2 B R R (RERRTTRE) (a) FAKM; (b) K
Fig. 7 Relationship between heavy metal pollution sources and ecological health risks (line width indicates

contribution rate) (a) wet season; (b) dry season
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