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Pollution characteristics and risk assessment of heavy metals in surface sediments of the upper Hanjiang
River, China

SONG Feng—-min'?, YUE Xiao-li’, LIU Zhi—feng'*, GE Hong—guang'?, LI Chen'?, ZHAO Zuo—ping"?

(1.School of Chemistry and Environmental Science, Shaanxi University of Technology, Hanzhong 723001, China; 2.Collaborative Innova-
tion Center for Bioresource Comprehensive Development in the Qinling—Bashan Area, Hanzhong 723001, China; 3.School of Public Art,
Sichuan Fine Arts Institute, Chongqing 401331, China)

Abstract: In order to investigate the pollution characteristics and sources of heavy metals, the concentrations and spatial variation charac-
teristics of Cd, Pb, Cu, Zn, As, Cr, and Ni from 33 surface sediment samples of the upper Hanjiang River were discussed. Meanwhile, the
potential ecological risks were evaluated using the geo—accumulation index (/..,) and pollution load index (PLI). The results showed in the
surface sediments Cd pollution was the most serious, with 15 sample points which were exceeded the risk screening values of heavy metals
in soil ,accounting for 45.45% of the total samples ,while there were no sample points which exceeded the risk screening values for Pb, Cu,
Zn, As, Cr and Ni. According to the /..., Cd was the most serious pollutant among the seven types of metals, reaching the high pollution lev-
el, followed by Cu, Ni, and Cr at medium pollution levels and Pb, Zn, and As at the pollution—free level. According to the PLI, the compre-

hensive pollution index of the heavy metals in the surface sediments of the upper Hanjiang River was 0.79, which belonged to the pollution—
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free level. Correlation and principal component analyses indicated that As, Cu, and Cr mainly originated from natural sources; Pb, Zn, and

Cd mainly originated from mineral exploitation activities and mineral-smelting sources; and Ni originated from a combination of these

sources. There was a low ecological pollution risk of heavy metals in the surface sediments of the upper Hanjiang River, but the potential

pollution risk of Cd cannot be ignored.

Keywords: sediment; heavy metal; pollution assessment; the upper Hanjiang River
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Figure 1 Sampling sections of sediment in the upstream of Hanjiang River
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Table 1 Contamination level of sediment by heavy metals

classified based on /.., and PLI
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Table 2 The statistics of results of heavy metals in surface sediments of the upstream of Hanjiang River(mg-kg™)

UIFRIFE i (n=33) Sediment Samples

24t 4 4 42 8 15 521 Local soil background

GB 15618—2018

ok TRk ROME M WEE BRAK Beri g Wit it fi i
Max Min Avery SD CV/% Shaanxi Hubei Screening values  Control values
Cu 74.81 12.45 28.64 13.82 48.26 20.4 234 100 —
Pb 27.66 2.59 7.47 4.33 58.00 21.2 26.7 120 200
Cd 0.89 0.05 0.31 0.22 70.05 0.1 0.1 0.3 3.0
Zn 77.24 29.98 62.12 9.71 15.63 68.0 71.8 250 —
Ni 73.18 16.17 38.51 17.30 44.92 28.6 30.5 100 —
As 8.16 3.99 6.39 0.61 9.61 11.1 12.3 30 120
Cr 127.92 5.81 29.25 23.39 78.87 51.9 66.9 200 1 000
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Table 3 Comparison of heavy metals in surface sediments from Yangtze River and its major tributaries (mg-kg™)
b IR EE 42 I 75 5 Concentrations of heavy metals in sediments Bl
Rivers Cu Ph Cd Zn Cr Ni As Data source
HRL 29.51 22.33 2.34 22.09 20.20 — 11.67 [9]
WYL 79.54 212.63 29.32 472.21 74.09 — 89.70 [10]
5L 66.49 75.46 0.89 112.71 105.02 43.99 9.99 [11]
ULiL 75.09 159.00 4.07 485.80 93.43 51.75 — [12]
TEIL 23.60 42.85 0.36 71.90 86.15 23.40 10.34 [13]
YT 16.44 41.52 39.94 35.04 26.61 — 0.95 [14]
BT 20.32 18.59 0.25 5591 47.32 23.58 7.12 [25]
Kt 23 27 0.25 78 85 33 7.6 [25]
SRR R VU & 4 R T 21 25 0.13 68 58 — 9.1 [26]
DT 28.64 7.47 0.31 62.12 29.65 38.51 6.40 N
TE - — R ARAT W
Note: —indicates no data.
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Table 4 The geo—accumulation index of heavy metals in surface sediment of the upstream of Hanjiang River

Ji it AR B PICE 1 b SRR B
T The statistics of initial geo—accumulation index The statistics of improved geo—accumulation index
Elements A f/ME  YIE AT Y R 1514 Number of samples e
. Ligeo 1YL
Max Min Mean  0Z7(<0) 14(0~1) 2%(1~2)  3%(2~3)
Cu 0.96 -1.74  -0.30 23 10 0 0 1.19 28 (hisYgL)
Pb -0.69 -3.85 -2.34 33 0 0 0 -2.19 (EICREED)
cd 2.78 -1.43 082 5 16 8 4 4.71 RE QSIS E )
Zn -0.40 -1.93  -0.77 33 0 0 0 -1.10 0% (TLi5Y+)
Ni 0.77 =377  -0.66 24 9 0 0 0.80 L (TE-his L)
As -1.03 -2.06 -1.42 33 0 0 0 -2.38 (EICREES)
Cr 0.56 -4.97  -2.12 32 1 0 0 0.18 L (TE-Hhi5 L)
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Figure 2 PLI . of heavy metals in surface sediment of the upstream Hanjiang River
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Hanjiang River

A, CATERA KR 2615 Jeda B K, b 271,36

F GG, R Cu oy 1.22,Ni 2 118, ¥y vh 4695

YRR AR 4R EH B 15 a8/ T 1, oI5 e

7 R 43 JE DU BT P AR 2R G TS Y AR AL

40.79,/NF 1, RO EF TR S 8 455 15 G

emiiE g, — M ITR & 2 A SRR, 3R
A O B AR T

2% 515 8 DU B K AR TR 4 R
&) A & 4% , Cr=Ni, Cr—Zn Ni-Cu . Zn-Pb , Pb-Cd [A] E.
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Kk, I Ph R IR Z 4
2.3.2 VIR E 4R RS b

T S B A MR T DR A AR TR K T
I 4 SR AT o b, 5 R R 6 TR, F %
SRR 3ANFRIEAE > 1 A 843, 11T 34> FE A4 T L Fif
R 211 67.618% , HAFFEE I K F 1.0, R )5
B3 HE B S 2 — SR R4 (PCL) ) Cu Bl As Oy
TR, 56 F M (PC2) FAY Ph Zn Fl Cd 3
B4, 5 = RS (PC3) H Y Cr AN A RS .

GEA T4 R IR ST 32 5o o Bt 1, 2 Bl
VL W K AR TTAR Y vh 8 4 T 1SR . PC (B 22
1 23.601%, Cu(0.876) F1 As(0.817) H A fi = F 2 1o
H,Ni(0.423) R Z . X—45 05 Cu il As TEFT A AR A
PRV AR Ak R 3 — 35, AR Pir A A A vk B 5 1
SAE R T, X Ul B AE AN 5T X 38, As Bl Cu 04T 12
FHACH TR, DS s A XAE o 3. PC2 S 22

R5 L EFKERBRYPESRBIHEXNE
Table 5 Correlation of heavy metals in surface sediments of the

upstream of Hanjiang River

JGH Element  Cr Ni Zn Cu Pb Cd  As
Cr 1
Ni 0.550%% 1
Zn 0.490%*  0.036 1
Cu 0.110 0.446%* 0.387% 1
Pbh 0.019 -0.016 0.452%* 0.071 1
Cd -0.086 -0.108 0.217 -0.054 0.577% 1
As -0.445% 0.095 0.098 0236 0.059 0.002 1

T #%P<0.01,%P<0.05,
Note: *#P<0.01, *P<0.05.

4 22.350%, LA Pb(0.781) .Zn(0.679) .Cd(0.638) A &
B T, Cr(0.140) #8655 . P Zn Ml Cd 3 7 2K H
TV KR e s, 25 BRI DX S 5 B R
X2, LB =I5 R NG He 0] B8 J2 Pb . Zn A1 Cd #;
LRI, [l B A B 25 A XAkt T BB 40 i X 3
WO h 3R E &R kRIE . PC3 AR ER
21.667%, Cr(0.923) fINi(0.767) N FE 4% fuf [N -, Cr
F N 2Z B8] 52 5 B A OG R BT e ATk I s i — 2,
H A BARFE BN, Cr FeA TG TS5 Y2, nf LA Cr 11
Ni F 2RI T B R A A KA SE R AR R, (H L SE A o
NI R, AT SR A2 B — 2 B A2, 1] BES
H Tl K A& 3l RSUTRESFLR A7 .

3 #ie

(DPUT_ i FmyiBRY b & =4 R e R i5 Jetk
B Cd B AR ™, A 15 VRE S S e R
45 T 149 RV 75 Y618 (0.3 mg - kg™) , AR 6 F 42 J& Cu.
Zn . Pb As . Cr I Ni T A A i 15 B0 T A 458 XU i
VR, ST H F B S ORI A L, DU -
i3 T TRITI AL/ s SR g R O e s K S = X 1 )
R H Cu NiFI Cd & B T RIT T iy
T E

(2) b BFHR B - B, DTl T it
b Cd 15 Jeds ol ™8, HOJE Cu  Ni Al Cr, Pb . Zn
M As Toi5 Y 5 YLt far 78 B05 4 M1 15 Cd R4
PO 9 K I 25515 e s B R o 271, 363
SR T5 s IR Cul 1.22,Ni o 1.18, 2 Ry rp 4535 gy
R, HR a M E &R I 8 BE/NF 1, o5 4, TR

®6 NI LHKERRYPEESRERIERS S0

Table 6 Principle component analysis for heavy metals in surface sediments of upstream of Hanjiang River

s DI Initial eigenvalues e Rtﬁtﬁf’ﬁm Epﬁﬁﬁ itm

Components g Rl (i J5 2 TR BBy 2 kR Heavy metals pcl pe2 pC3
Total ~ Variance contribution rate/% Cumulative variance contribution rate/%

1 2.080 29716 29.716 Cr -0.070 0.140  0.923

2 1.524 21.768 51.484 Ni 0.423 -0.107 0.767
3 1.129 16.134 67.618 Zn 0.083 0.679 0.168
4 0.802 11.461 79.079 Cu 0.876 -0.109 0.033

5 0.682 9.744 88.823 Cd -0.119 0.638 -0.151

6 0.454 6.485 95.308 As 0.817 0.209 0.143
7 0.328 4.692 100.000 Pb 0.108  0.781  0.060
FFE(E Eigenvalues 1.652  1.564 1.571

77 ZETIHRAE Variance/% — 23.601 22.350 21.667

ST 22 5Tk Cumulative/% 23.601  45.951  67.618
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