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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] There are numerous water—intakes along the mainstream of the Yangtze River downstream, in order to ensure water
safety and eco—environmental health, relevant situation of heavy metals in the nearshore sediment need to be studied urgently.
[Methods] A total of 85 sediment samples were collected on both left and right banks from the upstream to the downstream with the
investigation. Descriptive statistics analysis was used to show the characteristics of heavy metals. Correlational analysis and principal
component analysis (PCA) were applied to study the sources of heavy metals. Geoaccumulation index and pollution load index were
used to analyze the pollution levels, and the potential ecological risk of heavy metals were evaluated by the methods of potential
ecological risk assessment index. [Results] The order of average content from high to low is Zn> Cr> Cu> Ni>Pb> As> Cd.
From the upstream to the downstream, Cu, Zn. Cr, Ni had a small fluctuating but increasing trend, while As and Pb had a small
fluctuating but decreasing trend, Cd showed decreasing trend with an obvious fluctuation. The most polluted one is Cd among seven
heavy metals, which were mainly from human activities, such as agriculture. Cd accounted for 1.18%, 1.18%, 18.82% and 34.12%
from polluted Class 1 to 4, respectively. Cr and Ni were non—pollution class, which mainly from industries and geochemical natural
< 2). RI was ranged from 19.48 to 388.62, and the

proportions of slight potential ecological risk, medium potential ecological risk, strong potential ecological risk and extremely strong

source. 34.18% of all sampling sites were in moderate pollution (1<<PLIL,,
potential ecological risk were 38.82 %, 42.35 %, 17.65 % and 1.18 %, respectively. [Conclusions| Contents of all heavy metals in
mainstream sediment of the Yangtze River downstream were at a lower level. The catchment were overall at non-pollution sate
(PLI
metals on the right bank were all higher than those on the left bank.

< 1 )with slight to moderate ecological risk. The average contents, pollution levels and potential ecological risks of heavy

area

Key words: heavy metal; source; pollution level; ecological risk; hydrogeological survey engineering; the Yangtze River
downstream

Highlights: (1) Upstream to downstream and both the left bank and the right bank were considered during samples collection and
data analysis, so integrated survey and comprehensive analysis were studied for the downstream of the Yangtze River; (2)
Geoaccumulation index and pollution load index were used to analyze the pollution levels and the potential ecological risk index was
applied to evaluate the potential ecological risk, the relationship of incomplete correspondence between pollution level and
ecological risk was discussed.
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RS AREABHMELSESE4SMEE (n=85) (mgkg)

Table 5 Contents characteristic values of heavy metal in studied area sediments (7=85) (mg/kg)

HEJR w/ME LN Tl hriEZE B RZBU% 201 Z090FEA AT TR
Cr 49.70 104.00 73.60 11.20 15.21 47.00~99.00 84.71
Ni 19.60 56.80 33.97 6.54 19.24 22.40~44.70 68
As 6.30 36.30 14.41 5.31 36.86 5.69~9.60 15
Pb 13.20 90.40 31.56 10.86 34.42 17.10~33.50 26.9
Zn 43.00 319.00 115.91 39.34 33.94 36.75~107.00 144
Cu 8.90 180.00 38.38 20.28 52.84 15.40~67.10 57.04
Cd 0.12 5.52 0.98 0.82 83.49 0.13~0.44 0.45
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(<0.05), A F43 i H T AR K58 (Wang et al.,
2017) o Sk 5 4f b i BT 45 DXL 1 A S s B S, 45 A
F KTy 2535 A TTE e, 15 e I (%) i o3 B
(FR 7)o WX 7 FhE & @ LR BT 34> F sy,
R TS XUTEI F 80.165% BYF I [H T, 32 A%
gy 1. BRSr 2 MRS 3 5HE R T T 1
52.269%. 14.451% F1 13.445%, A5 50 S T JF IG5
PRI EE

Cu. Zn, As. Pb 2 Em4 1 b HA 8 R 1E 8
F T4 JE , AH G I 3, ELA EL A AR e i A AR S
FE(FS), FUAEA AR B AZ 20 AH VR
S o — 5T, VLU R A2 BB B 3R 43 A 52 i, K
T S T & i AL T PRV R L IX
(Zhang et al., 2018), fF 7% X (¢l & L | 95 R Hb
X)), Tk, NAB%, 2858 &1k, IR I S
FRSHEHUZ L T Zn, Cu Fil Pb A HZKIEZ —
(FHu3ESE, 2013; Tian et al., 2015; Singh et al., 2018);
RGN R HF A A Zn, Pb Al Cu(Jergensen et
al., 2005; Shomar, 2006; K F]%5, 2014) . B —J7 1,
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Fig.6 Variation of pollution load index along the sampling sites
ZEJEH B R IR A MK A A A
7 v R 4 i BER ) 1) XA o3 A TR B i Ok, LA TE
LS. B WL RGO & 1 SIEAE
B, 07 BRI R LR R R T K HE TR
As Hil Cu A9 H 2R I (T K58, 20125 5 /A 55,
2019) o WFFEIX As & o fe KA L T b 6 DX 22
AL AR e DX, 45 B R s VK R 2

P N UL X AT G DTS M SR 4 N
“ BB IR As BRI — (B RERAE, 2022)
KlIt, Cu. Zn, As, Pb HA ZUEME, £ 1 #IES
N B A O B 283 U8 L AV IR AN T IR S A

FHLSY 2 78 Cr. Ni BB B IE 30, 28 57 &
BAR T F 84> 1% Cu. Zn. As. Pb, #HEMEIEH W
Z(0.811), VB Cr &8 5EE Cr & /A X,
FAf Cr b A SRR i T s i T, DO
HeME L M P ERIR NS A, Cr & AL 2000
mg/kg. 200 mg/kg. 50 mg/kg %] 25 mg/kg, 7E72)EH
Az, Cro Ni#Rh R oT R (A HE4%, 2018),
Cr. Ni # KA KA F KB ARKIT & A DR
YER, TRV B, Al i 2 b Ak AE A 245 1) £ X Cr,
Ni 520/ T T IEARAE (2245 05 55, 2017), BFFEIX
Cr. Ni & &5 SEA, WA £ XE RS
FEAE B AR TR HOoR IR 2 — (Wang et al., 2015; Ke et
al., 2017), 5 Hu et al.(2013) B9\ K Cr. Ni 5K
SR YR B IS5 e —3. LUR 4. s

® 6 MARMEESREHEXMESH

Table 6 Pearson correlation of heavy metals in sediment

HE)E Zn Cr Ni Cu As Cd Pb
Zn 1
Cr 0.522" 1
Ni 0.423™ 0.8117" 1
Cu 0.453" 0.222" 0.262" 1
As 0.499™ 0.594" 0.632" 0.235 1
Ccd 0.251° 0.287" 0.149 0.098 0.493™ 1
Pb 0.614™ 0.585" 0.447" 0.302" 0.601" 0.394" 1

e PHE0.01400 O, ARRMEEZE: *E0.05%0] (XR) , MRIERE.
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Table 7 PCA results of heavy metals in sediments

FE S

IR 1 2 3
Zn 0.680 0.412 0.276
Cr 0.169 0.891 0.187
Ni 0.146 0.932 0.017
Cu 0.914 0.057 -0.018
As 0.584 0.242 0.554
cd 0.06 0.028 0.939
Pb 0.508 0.491 0.423
FFIEAR 3.659 1.012 0.941
J7 ZETTHREE /% 52.269 14.451 13.445
RFATTHRE /% 51.428 66.720 80.165

Ve AU IE AP0 B R T7 223500 DR BT AT e e «

Tk R FE A 38T & /K HEJC(Tam and Yao, 1998 ) Al
REEACAIRE R bE (PR 214, 2020) /2 Cr Y
BURIE . B, FRL 2 FAE TR IS L Bk fk
2y ESIIEEAS 3/ 8

F RS 3 7E Cd T ok, T H it 2B
SARENEIE X LB (] 4), 585N R 75/ i IX
GBI AR T S8 Cd 15 Y™ H AN
R —3, HEM 5 77 M 254 A7 Jmy e B AT e Bt i
PR SR O, a0 BT A ME T W AR
HEl S B 25 34l v 7, FF s A, Cd —
P AT AR A A 24 A I it FH 4 A b 7% B R A TR T
Z (Condron and Goh, 1989; Filzek et al., 2004), UiFH
Pirh iy Cd & 5 m A E WA O, TERE
B EAIEEA Cd(Loska and Wiechuta, 2003), 5%
o) AR A 2o i FH T RE R BB Cd B
(Maanan et al., 2015; Wang et al., 2015; Zhang et al.,
2016) . WF9EIX Cd & w8l T 5 E, AR X
W sk, v BE -5 T A I T K HERCE 2% CBF PEAR
4, 2022) . AR, WKV S22 YK
) Cd A AR 8 A W2 BAE T, IR TR X Cd vk 5 R 45K
1 5000~50000, J& 5 5t Xt Cd 1k 5 R BGE KT
Si0, FIREI A X} Cd BIVREE R AL, &K Cd BT 1Y
FBER B, A TLT WA S B TR SO I SRR
Yy Cd & 3B KT U, R 2 i b X It
GE] e S A ] ] R T AR
oCd St E . ERG 3 BRI AL A E
YNSRI ST
5.2 BEESKEIEM

WAEAE S KT 25 58 (B 7) B, BF5E IX T
U)o 4 @ T e A S KU RTA T 19.48~388.62,

RO A AN, . AR AR AR SRR | R IR
25 IRV IR 58 98 A A 25 RURS: 7 EE 43501 38.82%.
42.35%. 17.65% F 1.18%, £ #4xJEXT RI AY 5THkE
RIK K Cd> As> Pb> Ni> Cu> Cr> Zn. B4 (e 4
B NN R e VA e M 65,08 50 T o e B e 1
Tl IR B, SRR XU B AR B L
Bt Kema B, R E 48 Cr 3P L
SRGE KT HALE 4R, Tebl—ra | Hbk—5it
JUIT—Hit By | DT —WABH A R 22 Dl IX 25 5 AR
Tl R ET X RS RPN E SR cd FEA
B, WA X R RS e — B Tl Rk X = A
114 HCAth F 4 S B 1 SN

FRE A SRS B & T AR, hERE
TR F4 157 B50HR 43 01y 38 Ab R 14 4b, ST SIS e
FURFPFHT (PLI ) AT A TS YRR BE LU 7 ™ A —
B A7 AR AR A AU XA 48 PR T AN
BRFIT , A e i T 7 AR 25 XU 22 40 A 7 V1P RN 22 8
BE RR R B — S LB, EESHL I RAT
b = AN RO Ko

4 R Y PR bR T UGS F5 B0 (E] 8) R,
Cd Ab T 25 XU (30<<XEL << 60) F1 58 XU (60<<
Ei<120), H4x 6 FiE &R A TR (E <
30), X—Z5 R HHisCH EREEEOTM Cd 5 YL
JE fe e AR o A7 B 4 T A e AU 1y
Mt

4 B TG Y R 5 A A 35 AU 22 [R) A7 A —
TE I, BRI R IE S, RIS Y R
R, VAR A A KU B, an i RARFEHGETAN Cd 15
et ™ o ([ 5) S ¥EAE AR A KU T Cd BTk Bk
(18 7) R —%k, 15 Y PP 4% s T5 YL PR 5 4% 5
e S S AR T AR —E(K 9) . (B{EAERER
J&, H ERFEBOE Cu, Ni M JEis YL (| 5), H
F A A R A S KU (1 8), K 9 TR 77
“PLI R JCi5 4%, RI A 45 KUK F1“ PLI hy rh 4575
Yo, RINFEGHOREE " 4515 Yo Fe B 5 T e A 25 XU 5
P Z R SE X OE FR, W12 R A =
— BTSN h B 2 S RO E R,
BRI AL 7/ R e = | R pviod 7 N [ Rl 3 e oy
JRURSE 239 1) R BIE A [A) (25— 5255, 2015; )’
4, 2019; Sh R4S 2020) o ASRBIFSE X R, H
WAL BE RS, Nk 8 2 Fp i 4 8 2 [ 455t
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o BRI SR AR | UARBRBE B AL I 0] B 4 SR
A5, 2012) KRBT RS S5 i (1 F- 4%,
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