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Spatial Distribution, Risk , and Influencing Factors of River Water-Sediment Heavy Metals in the Lower
Reaches of the Qianhe River
GAO Yu!, WANG Guo-lan?, JIN Zi-han!, ZHANG Jun'?", GENG Ya-ni!
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China)

Abstract: The spatial distribution of heavy metals in rivers is affected by human activities and the natural environment, and human health risks
are closely related to heavy metal pollution. In order to study the characteristics, risk levels and influencing factors of heavy metal pollution in
the lower reaches of the Qianhe River, 19 surface sediments and 20 water samples were collected in the lower reaches of the Qianhe River, and
the contents of 8 heavy metals (As, Cd, Cr, Cu, Mn, Ni, Pb and Zn) were measured by inductively coupled plasma mass spectrometry (ICP-MS),
the concentrations of heavy metals in water bodies and health risks were analyzed, and the spatial distribution and pollution characteristics of
heavy metals in sediments were determined. Taking DEM, air temperature, precipitation and other 11 factors as independent variables, the
spatial differentiation of influencing factors of heavy metal pollution in sediments were explored based on geo-detector and geo-weighted
regression model. The results showed that the 8 heavy metal contents of water in the lower reaches of Qianhe River did not exceed the "Surface
Water Environmental Quality Standards" II the standard for water-like bodies, in which the variation coefficient of Pb element was 3.11, and
the high content areas were mainly concentrated around Dongling Smelting Company and Fengxiang Railway Station. The average R°value of

adult carcinogens in water bodies was 7.72 E—06, showing a low risk level, and the children's carcinogens average R® value was 1.17 E—04,
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showing a strong risk degree. The non-carcinogen risks of adults and children were both tolerable. The total high R valueof children was mainly
concentrated around Fengxiang Railway Station, showing a strong degree of risk. Sedimentation in the lower reaches of Qianhe River except for
As and Mn, the other six elements exceed the soil background value in Shaanxi Province. The average content of Cd element was 1.12 mg kg,
which was 12 times the soil background value in Shaanxi Province. The pollution of Cd, Zn, and Pb were serious, mainly distributed in
Changging Village, Nanwan Village and Niujiatan Village, Gaozhuang and Dongling Smelting Company. PLIzne of heavy metals in the
sediments in the study area was 1.71, which was light pollution. DEM, temperature and precipitation were the main natural factors influencing
the spatial pattern of heavy metal PLI in sediments, and their interactions were nonlinear enhanced, which play a certain driving role in the
spread of heavy metals in sediments. This research can provide a scientific basis for urban planning and human health risks in the Qianhe River.
Key words: heavy metals; spatial distribution; risk assessment; geographic detector; geographical weighted regression (GWR); Qianhe River
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Fig. 1 Sampling points in study area
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Table 1 Pollution classification standards
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Table2 Health risk assessment model parameters

By PORET: AL F B PR
qi/mg {kg d)* RfDi/mg (kg d)

cr 41.0 Pb 1.4x10°3

cd 6.1 Cu 5.0x10°3

As 15.0 Zn 3.0x10*

Ni 2.0x10 Mn 1.4x101
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Table 3 Water quality health risk classification standard
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Table4 Interaction result partitioning

THEER iR 1y
E[BAERE B PoH (xNy)<min[Po# (X),PoA(Y)]
B R 5 min[Po.x (X),Pon ()]< Pon (xNy)< max[Po.x (X),Pox (¥)]
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XA 71 53k Po.x (xNy)>max[PoH (X),PoH (¥)]
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[ Pb 7t 3 PR ok Hh R /K BR B2 R b vf (GB 3838-2002) 11 2K /K bk B0 0 5 4 J8 e Rk BE X b T3l As It
FAE 6 KT IR B e, WRBE B/ INIRIE 2] RIS R ) Cd A1 Cr iR FE 2 6 S i s i), IRFE i/ M2 B
BT T eh NI JCR IR LI R TIE 320 Vb R] A8 BT b () Ni Je RIK B AR B & @ o s ik XS b T 220
HK) Cu JTEIREE 2 6 250 s 1), IREE /NI BRI s R Mn JTT 3R B, IREE IR /NI T T
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Table 5 Descriptive statistics of heavy metals in Qianhe River/ug-L*!

TLE
IR TiH .
As Cd Cr Cu Mn Ni Pb Zn
FEME 4.54 0.06 2.52 2.89 0.95 7.89 0.52 10.8
brEZE CLE
i 11.56 0.07 1.86 354 2.49 456 1.62 6.32
T R 5 M)
BREY L
255 1.12 0.74 1.22 2.63 0.58 311 0.58
M)
B Fyn[ 18] FEME 0.48 0.19 18.91 4.48 7.26 1.9 43.92 54.85
Tl R 5y g 98] FH{E 4.2 75 59 3.9 — — 45 28
Vb pm el FH{E 2.87 0.14 0.38 1.3 58.82 0.95 0.96 9.09
HH [ 140] FEME 0.96 0.007 0.11 0.1 — 0.98 0.03 0.54
MRS FH{E 1.7 0.3 2.6 0.6 4.6 — 6.9 0.6
iR IR PRI R S hm v 11 2 10 5 50 1000 100 20 10 1000
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SR T A RNFEEBHISZNE.Cdy P A1 Mn W 2R X EAE TP AEAT 7T X BB, Horbie i fE 15 5 KUK
uh AL, IZH XSE M RN E R, BT R T A, FRAB UL TR i s, JF Bzt
DR i RO AR, N DAl By a3 46 IR, DAL /K A Cd . Pb AT Min 7T 5E 32 21138 % 5@ 520 NI A1 Zn J0E
R EAh, FOARURBERL I X 1 EAE S AE AT FU X b A8 ST iAL oG A, BRI BB, W PR DA
AA Pk E A E . Cu BrimfEsh, Hormt X 3 2 BRI P AR S X, 1230 X B A AU )
W] AERFER G RE PO, B R AU ) HE S 1 Bl F e e, HES KR R ORI o . Cr
WP e M BLAE TS IR, 23t DGR R B . TR ARG BT BRI ILAL, HAZ b Xab 734 R S R
JEAT] . RBCHREM S, HR R E X IR R iR 2 7] A0 KAt ] B 25 25 S5 U2 J G 5 e
WHFE B, L) iEEh WEIT R LA 32 4 i T Y S EORIEL 45 A T I K A B s 1) 2 A BA
SEHUR A, TR DAk AP R NSRIES), T RE ARG KA R R A 1 A S 1 T R A
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Fig 2 Spatial distribution of heavy metal concentration in Qianhe River
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H AT X i KU, PR TR KA 4 FhE0m ) )@ (As. Cr. Ni Ml CA)MEEZUR Y E 4 )& (Pb. Zn.
Cu A1 Mn)gEA7{g e AU AT (B 3). B BUS AR I E P27 : Cr>As>Cd>Ni, RC¥J{E N 7.72E-06, H:+ Cr ot
R EBERNGARE, HAR 3 MR RAR KU, AR OB AR S AR R R ) L2 B0 XU K18 e 7
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W, k) LEBURYIS e MR SF 2, 25| A

NAEBE AR E: Cu>Pb>Zn>Mn, R{ENy 3.94E-11, 4 FAREURMICER Y B AR KKTLEL,
AR RN AR Y KU S r] AR AR AR s LB AREUR YK ME 0 : Cu>Pb>Zn>Mn, R"J{EN 6.79E-10, #f
FeIX 4 ARSI TR R A WS ARRE, T X B AR ) L 2 ARSI 2 A& 2 KBS S5 20 T FE X RO R o B84
ST HBUR AR KRS, )L R oG 6.2E-05, A TAUmNMBARE, fsfE N 6.5E-04, A TR RNXBAREE,
R ITIX L 2 < i R XS AR R O™ B, 5 SRS M BURT R
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Fig. 3 Health risk assessment of heavy metals in Qianhe River
22 TARBMESRE
2.2.1 VIR E R IR
TP 8 P & )& & B (3R 6) 5 PRVt 131 SUEAHEL, R As AT Mn 4b, HoRoR & & EMEEE F1E,

Horb Cd RGBS THRM 12 5, HUCh Zn, Pb. Niv Cu Ml Cr i & 5B 8 SHE LL{E y 4.42, 2,55, 1.35,
1.19 F1 1.10, BIOHEGR S0 XS Hi R TR g Jm it so b, I Cd & S b Bk v 48 358 5HE. A 7 R H00T Sk
TCRAEANIFIRE AR AL SRR NS, it 3 6 WA, WFFEIX Cdy Zn Al Pb e A8 7 RER, 7073079 0.54. 0.48 Al
0.42, {EZEIA AT PAFAERORESR:, B FE RS Y™ 8, AT REZAMB I B SEMEIR, 15 YRy 2 s ia 4],

%6 TRRYESEBIAGIT

Table6Description statistics of heavy metals in sediments of Qianhe River

JiE BfE/mgkg!  TER/mg kgt BRARH W WE BRITEERE/mg kgt S RMEHE

As 8.62 2.98~14.88 0.36 —0.03 0.40 11.2 0.73
Cd 1.12 0.19~2.37 0.54 —-045 053 0.094 12

Cr 68.70 27.96~126.54 0.38 —0.17 0.72 62.5 1.09
Cu 25.47 12.66~43.65 0.36 —0.88 0.35 214 1.19
Mn 423.00 185.12~781.71 0.34 1.12 0.76 557 0.75
Ni 38.89 20.87~56.00 0.20 116  —0.08 28.8 1.35
Pb 54.65 21.20~92.20 0.42 -136 013 214 2.55
Zn 307.07 174.22~691.26 0.48 2.13 1.64 69.4 4.42
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Pb y5 4y, RIRESZENNAES). CBAVRERSHB M Mn FI NI & 8 &R R REUBIR, 456 LA L
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Fig. 4 Spatial distribution of heavy metal content in sediments of Qianhe River
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Fig. 5 Heavy metal pollution load index of Qianhe River sediment
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Fig. 6 Classification of impact factors
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Table 7 Interaction of impact factors on PLI

DEM  NDVI  Ek L THR) ek g %) EEII Eﬁ%ﬁzf% EE/AE%
Bzt it s #H B s
DEM 0.1016
NDVI 0.1553  0.0232
K 0.2713  0.0673  0.0321
TR 0.3962 0.1109 0.2345 0.0576

A 0.1337  0.0359 0.0674 0.1209 0.0187
g 0.1604 0.0333 0.1126 0.2005  0.0240  0.0029

it 0.1524  0.0320 0.1142 0.2023 0.0276  0.0318 0.0099
L 0.1543 0.0423 0.1116 0.1996  0.0398 0.0396  0.0247  0.0204

PET) BEEY 01074 0.0408 0.1161  0.1425 0.0294 0.0492 0.0284 0.0358  0.0070

PREkEEEE ST 0.1202  0.0415 0.0715 0.0963 0.0233 0.0162 0.0398 0.0576 0.0292  0.0046

HEABEEE 01679 0.0389 0.0743 0.1739 0.0360 0.0318 0.0300 0.0368 0.0402 0.0526 0.0125
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Fig.7 Regression coefficients of leading factors of heavy metal pollution in Qianhe River sediments
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