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Retentlon Effect of Heavy. Metals n Rlvers of a TyplcalfMountalnous City by Cascade
Weirs: A Case Study of Llangtan R;ver in Chongqing:

WANG Chao , JIA'Bo&yahg” , PAN Cheng-yong’ , HE Wetohatt* YE Qiu?, LUO Shan-shan” , ZHANG Xia- wu2
(1. Post Dodoral Sclenilﬁ( Research Workstation, China Thiee Gorges"Corperaﬁflon Béijing 100038, China; 2. Yangtze Ecology and Environment Co., Ltd., Wuhan 430062,
Chmd) o )

Abstract ;/ Contaminants such as heavy metals in rivers are partially retained in the sediments at the bottom as a result of the altered water regime within the cascade weirs. The
associated heavy metals in the sediments can affect surface water quality and ecology for a long period. In May 2020, sediments were collected in a typical mountainous river
(Liangtan River) with cascade weirs in the main urban area of Chongging. The accumulation of sediments in each river section, the content of heavy metals, and other basic
physicochemical indicators in the samples were monitored. The results showed that the average w(As), w(Cd), @(Cu), w(Hg), o(Ni), and @(Pb) in the sediments of
the main stream of Liangtan River were (4.66 +4.78), (0.361 £0.256), (32.30 £14.38), (0.069 £0.039), (33.47 £15.37), and (26.34 +11.52) mg-kg ™",
respectively. A large coefficient of spatial variation regarding the content of heavy metals in the sediments across the sampling sites was observed owing to the uneven spatial
distribution of pollution sources and the destruction of river connectivity by cascade weirs. The modified geoaccumulation index (1) showed that Cd was the most polluted
heavy metal element in the sediments. Of the monitored river sections, 12. 50% approached or were at moderate pollution levels, and these sections were mainly found in the
upstream and downstream reaches of Liangtan River with relatively concentrated construction lands. The potential ecological risk assessment index method (RI) and the
sediment quality guideline method (SQGs) showed that, in addition to Cd and Hg with a high pollution level and strong toxicity, Ni in the sediments also posed a potential
threat to the ecological safety of surface water due to its high background content in the watershed. The total amounts of As, Cd, Cu, Hg, Ni, and Pb retained in the
sediments by cascade weirs were estimated to be 446. 10, 47.28, 4997.80, 10. 81, 5135. 68, and 4 043. 16 kg, respectively, in which Cd, Ni, and Pb were identified to
be the major threats to the ecological safety of surface water over a long period. The upper reaches prior to the weirs with the most retained heavy metals and the easier
formation of an anaerobic environment are suggested to be the key areas for investigation of the endogenous release of heavy metals. Source apportionment of heavy metals in
river sediments through the combination of principal component analysis and cluster analysis revealed that Cd, Cu, and Pb mainly originated from residential/industrial point
source pollution. Hg mainly originated from agricultural non-point source pollution, whereas As and Ni mainly originated from natural soil erosion.

Key words : mountainous urban river; cascade weirs; sediment; heavy metals; ecological risk; source analysis

B4R EA A G % HXERE A R, A A2 FEA A | 33X 2 XA B R BB AT | it F A
Lo A5 A1 05 i A b 7K 1Y 4 s i B AE DU R 24 B FRAELAR L AN RDRRAS ISR L 2805 AN REAS B %
R W 2 A T P A R ) R R T 2
TR = PR AN DR B 5k B R I kT R EHE: 2021-11-04; 81T HEA: 2021-12-14
WAEAEA R Ts e T 3 g Tl , B 2 Bk ekt FEET: %ﬁféiﬁ_;&g}i’ﬁ*@;ﬁ%ﬂwﬁr”L‘wﬁ?hﬂﬂwgﬁ

}Eyﬂz?ﬁ% Eé“i(ﬁ 7J( ; ,ﬁélf\]/\iﬂafﬁ [:iui E’]ﬁ&‘l&/ﬂ}ﬁ * JEAEVEZ, E-mail;he_wenzhan@ ctg. com. cn



8 1

TR o BB I ST R Ly 3R T ) O T < R T AR A B AL - A DT SR 4]

4019

HAMIRATE AR TPk | R AR
TV S T e 160 K B KA
T T A T I R e v i SR
42 A OB TN M K TR G B B 17
PR A AR B B8 5 SR 1L T — XA R
X

PSR T HE 455K M S50 3o A o 4k
TP KU R 1 L 1 T 43 i T 2%
WK A0 L3100 2 2% (]38 3 BF 51 0 o
T M 3K T 4 i B K T M S 0 XU
P R ik, AR TOK T S T 4R T
2 BRSO UL | e DX T 4 B 25 43 A |
VSRR RIS (B IR SR T
IR ) 53 F U GRS A
b P IRGCE R KRB | R 4 A
(TR SR T 5 5 A1 Bl i 72 A 0
S 51 S0 7 4 R T B R R
ST HE 22K I3, 6 42 1] 3 35 A Wl B
PRt A7 A BT JRA AT 3 A S T 4
WA TCHHE R I MAh, T 5 R 5 s
U B4 TR0 P SRR S LIRS g2
(S ONL T E N S (DRON o P SN
PP g SRR R Z SR | e o T
TR B R R RRU T 4 s A A

oy O e R 0 22 R A TR

Pk TR S K T T 4 T
A

SRR 37 e P X SRV B —
ST SR T DX, R R 1L
. A SR PR U8, VAT 18 S R0 S.
S PR BRI I, Wil B T R 4
TR, TR IIZ KRB, A 20 b2
00 A (AT B FRBE IS TF 1A 0K T2 , ol
WK T ARAERE 2 V IR, Hooh DA BB S 3 20t
ESEL SOE N ) RUR e e o A CRD S
SR SR 77 B R 5 R (R 147
BT, AN Y AT BT (LR ] L
AT B K R B 5 B K A T 1
AR LI R I T, kT e
FEKE) T IVIKARUE™ ) U P T 4 T 2 Y
PR T AR BUB B 20K T 42 R 1 R
— AT 0 0 0 F R LB R R A
YURLHL B W5 407 487 B G T S0 1l b
AL K T T 25 O 22 3 B
D, YA LM 1797 0 3K 88 5 30 PR 3
BB KA.

1 HAREEEFHE

1.1 BFSE X

RIS g b VL R WA B — S R IR T
PR U3 X 11 T BB 5% Y /K, B2 B D T L
Tedfe . VI IURALRT X 3 A K. IR A R 510
km®, THUITE B 88. 7 km, B4 22 224 m, FH4b%
R 2. 60%o. it 3 Hh I J& B K 9 L[] 345 B | 2R 75 194 )
B RSS2 AR, IR ALK R,
JaR T A 2 A, AR 39 IR 18, 3°C, 4R %
/KA1 088. 6 mm , AF N REFT LAY, 4 ~9 H R
HEEEKTEN 80.4%. R 2.08 12
m* AEHITRE 6.6 m' s R HERRI R 1
Tl M WA KRS i 5 4 b
e F. WA A /N (2) B DL E I g K
FE 45 JE  IEPHE 179 Ab, T4t 18R HE
(K 1). = Ll
1.2 RESSREES T | 'y &

2020 4F 5 YA IR AT R AR
SR (I 1) - R T TS T 9 T3 R
FUBUIRE R SRAETEIE 20 ~ 30 em. A — AR
3 UTFAF IR T ARE R SERAE 32 R TLBUIEE
. BE G O IS B4R TR AL, o 100
JE IR AR A R S A R BF Y o] 3 AR 24
400 m 25 A7 0 5 0 AR A YA FR IR B R AT 3 DR i 1 R
HEAHE A B TR B R AR T
TS

=

M =C xSxLxp,
n 208
DN WY
j=1 j=1
Ao MO | PR AR AR A BOTIE P R
ILATIE 43R 208 By € WA i PhE SR AR j B
Ta[ T Hh ) i, AR SCHI I A A DTAR ) Hh G B
S AR R JAE A2 AT HE S M Y] B PN BRI A T g TR
Yy S M UTRR A W T AR (T3 B8 REAE 12 ~50 m, 1T
PUITREELE 15 ~ 120 em) 5 L W BB E KL, 24
400 m; p, WU BU1.3 x10°kg-m . k' N
M b3 22 i o BT PN o 4w B B e TR
S 1 EL ).

K pH. 3 55 FE AR I o TR A 8k ek W 1 =
SEVLEY pH fH (NY/T 1121.2-2006) ; A HL &
(TOC ) I 7 SR F K4y o8 ook 12 325 ( HY 761-2015) 5 LR
Py S (As) FlLER (Hg) SR IR F- 2012 0 7
(GB/T 22105-2008) , 55 (Cd) . SVH (Cu) . AVER
(Ni) FILEVET (Pb) SR oK 4 B - B & 45 B IR
I AE (HT 803-2016) . T 4@ & I & Fhon s



4020 N A 43 %
106%15" 106718 E
N
!‘ Q‘:’fﬁ‘/
|I". h}:j;:?
‘:: — =
b d o SREEM
. ey S SR
'?‘ = Vi - .l 0 6km = s - B
h A P 4
11 71 IRV AN TE = ¢ M )T Y
J1 ¢ V/afems ()74 ) /
— 4. i o | Flg‘.‘ ]IJ L?fa ons of sampling sites in the stuld.y_ area. | 4
WA 95 %~ 1159472101, 3 z&%?‘ﬁ%ﬁﬁ%ﬁ (3 ~4) ., BREIGY (4 ~5) MBHREE IS Y (=5) X 7
BAE 5% = g
1.3 fmien RI = i[Tx(C/B)}
IR AT . = S

l,, =log,(C./k x B,)

C 2
Io=1 (O.SX{ ( ij+
0g, ave Fx B,
C 2 0.5
max( i )})
k x B,

K, 1, A RREE G, T T ALY b 4 )R
5 g e R ¢, WA 0 R E 4 R LI i
mg-kg ™5 kA IR BN AS ] A BT S ] A S
PEMTEU B IE R B, —EL 1. 55 B, M3 i fhE 4R
T fH, BECER R AR T B 1 S AE, As, Cd,
Cu, Hg, Ni #1 Pb ¥ S {H 53 5|k 5.82, 0.133,
23.83,0.053 ., 30. 65 F125.48 mg-kg """, 1 A
FH AR 8 B0k vedk i) s B FE AL, ave [ €/ (k x
B,) ] F1 max[ C./(k x B;) ] 5331 0 Jir I 6 <5 Jad 5 ¢
PR AR A, 1, et iy BER L IR
MAFPI TG (1, /1, <0) . FETFY(0 ~1) |
PR BETG G (1 ~2) , TGS (2 ~3) | HamETE e

Ao RE I A G F R 5, AT AW i A ) v
4 BT AR SIS 5 TN R E AR
PEZ B, As. Cd., Cu. Hg. Ni F1 Pb 43%14 10, 30,
5,405 155 C, A5 Pl 4 )8 & 1 Sl i
mg-kg™'; B, WY i B SR FE, mg kg™ VPN
S LR XU (RI < 150) . A28 KUK (150 ~
300) . KU (300 ~600) FilE KUK ( =600) 1% 4
AL

ERMQ = %Z( C, j

i=1 \ERM,
P ERMQ 0 35 T TR 9 5 2 56 0 (SQGs) P T
TR TR 4R A W 8 5 0N R4 W F
TEM DR i 4 R i e AR SRR, €, MR i
F4E S &5 & mg-kg ™'y ERM, N55 [ Fh 48
R FE ROV B, As . Cd. Cu., Hg. Ni #1 Pb 2351
H70,.9.6,270,0.71, 52 F1218 mg-kg™". ML
YT R E 4R &5 T ERM i A Y E B
ZIBER R T 75% . PPN SEFAL TR (ERMQ <



8 TR o BB I ST R Ly 3R T ) O T < R T AR A B AL - A DT SR 4] 4021

0.1) ., FEEXE(0.1~0.5) , BEAE(0.5~1.5)
RIS (=1.5) 5% 4 ARG

K1 SPSS 19 Bdfa b BRAK AT, B I TC AR 70 A7
Pearson AH ICHE 4 # i A DUAR 4 v 4% Fh 4 T 1) 1Y
RO FR 5 M B30 A R SR 2 03 # s 1 I 9
Y &4 JE K. FH Kaiser-Meyer-Olkin (KMO)
M1 Bartlett BRIE I 152 560 %5040 A7 G870 B 093
P, KMO {EAIERAEMAHEZR 7351 0. 729 F1 0, IEH]
SRR SIS T . th TUURY b & H SR
FERIAAE2E S e TN A AR I A iy,
Z-score X 542 & & i A TARE AL AL B

2 ZR5itie

2.1 B IRV E &R S 5 R
fa by Al 154

mE 2 s, R T Ut Y o (As)
w(Cd), @(Cu), o(Hg) , @(Ni) Fl o (Pb)¥IH 5}
A (4.66 £4.78) . (0.361 +0.256) . (3230 +
14.38) . (0.069 = 0.039) . (33.47 + 15.87) f

(26.34 = 11.52 )ng kg ™", 53331 £ K 1 4 11 P 75

— | ] ¥ &
SHE™ A 0.804,2.71, 1.36, 1, 30\,,:“1:_.9'9/111‘;1,{-63

3 AR CA SRR RO Cu AN 4

%ﬁﬁmm@%AscmcmHgNﬁmmgﬁm

M5 S 5040 Sl 102.73% . 71.01% . 44.51%
567891, 45, 93% [ 4893 % , B W] BT Tt i

Wy o TR TC R AT R s T =
FUFH 15 0 BRSSO OB P R 4 5 i
T UG — 25381, TR TR As | Cd, Cu, Hg,
Ni Fl Pb (¥ 1, BB 53310 - 1.59, 0.61, -0.26,
-0.41, -0.60 Fl -0.64 (& 3). #4517 Hhr
P W TR DT AL Cd B I (E S B R
V54, Hodh A 15, 439% F1°9. 38% 1 5540 3k 2] i v )
PTG YL A 53, 13% B S ALA R R V5 Y.
XA N 15 G B AT Bk & R4 &
S5 YR AR 45 A AR P 0k AT T ek,
G P b 2R FEUHE Bk o A AR R A XN TR
Pris Y BN E 4R U R, A0SR A H N A S
BAOE PG G BT BOL , AR 2 I X
RN e NI R IV Wi a TRV ALY K- S =R AL i L)
HEFEEC L YIME R 0.35 (& 4) , JBIR A5 g 1
A 6.25% F1 6. 25% 1 £ A A B g v B2 R o BE VS
e, 14 50. 00% W s LA BR TS Y SUAE 1, 57
P IR — B RN TR DU A e TS Y
TR PR A58 P X o 2 A rp - SR MET_ Jh U Sk A0 T Ui
AT ETRE (L 4) , 3R] FEAR RS G 42 Ty S A ]
SECT RN TR s G A E R Cd, Cu M

Hg & ik 1Rl hilie(l 2 ) o0 AR AE (11 2) . o
56, 76 LIRIE SR AN U AT 1, R a8 i P i VR S v
TFHHPIR AT 30y B 7R P K R 44k
Y B o e A e R AR TS 5 K A TR K. W5
FEW A e Z T 209% IR GTAW R4 R &
2B NIRRT BRI T E 4R T
YR RERAR (181 3 I 4)  (ELA 2550 0o 11 T 462 JaR 5[]
AR5 ZHN(43.93% ~ 102. 73% ) 2R A2 T X2 ]
TGP IR B T — Y BN T E
SJETTR 0] T AL I T BE (AT I Y o 4
Gy AT 6 S AR .

PP AR 25 AR VE 48 B0k AT AR ) Jo £ ik
HEE PR TUARY) 8 42 Ja 1 Y W /K AR 283 A B 5%
M. R R DU 45 s B2 RT BI{E Y 158. 66, H:
AT 34. 38% 1 9. 38% (1) 15 3 1k F) v 45 AV 5 K
I TR A5 L 40 A T A XU 7K 7 (TR 59 A fir
ERMQ {4 048, 47 96. 8% I i fur 14 1
SRR (AT A AL TR IR (P15, s 1y R
AT ERMOQ 7 RE 5 MK 2 25 4 2% 1Y 7 B JR IR
— L Cd F Haioh RISk o O P 5 6
JRICE , SRR I BT 51.319% I 32. 67% 3%
R BT . WA SUR S e B
BT A 4T ™ G A1 Hg 3 RI TRk A
Ji PR AT T A — g R i TR ) b AR T
XI5 S i A9 Cd Al Hg & 5, —J7F R PR
REPIRT T Cd 1 Hg R drE R 507 5 RI
PEM AR ZARTR], Ni X ERMQ 5k A e 19 1 43 J@ o
2, BRI RN T 59.32% . & MM T AR AE
2 S (A DAL PRI T 3 T v 0 T 5 2 A R T 3K
(8 VETEAE S U DE A 48 B0E 2 % i o8 IX B 42 )
Al VTR B 7R DL ERM 2 2% brif.
B Ni T S0 O Rt e 2R 25 KU A 45 5K
VEZAL T Ni X KA R A SEIA. 71, 88% 1Y s oL
o (Ni) &b 76 7E ) 75 3 A% 3 AR {6 (ERL) (21
mg-kg ") Ml ERM(52 mg-kg ") Z ], W B A W7
PERME R AE 10% ~ 75% Z 18] 9. 38% I 55 7 K F
ERM, 1 B0 9 75 3 M MR T 75% . iR )
SEAE X R TR T 3 R /K B B 98 A B, Ni J2 K i rh
R BRIk (4 R TR TR TR T
o HLARETRAY Cd A He, FIR 15 el & 2 m
Ni A%t b 2R K A A B .

2.2 BRYAEIHESE e T BERE TR DAY h
JE i B S

e FBR AR IR | pH | T EE AL 45 1
BE PR 2R R A AR IO s R AR DU TP 4
Vo 3 3 A AT - A R s 2R R R B I



4022 7D 53 B 2 43 %

BUKH IR E SR BRI U —E R e MR, R TR TURY i 8 As. Cd. Cu,
WA R G T G NIRRT ). FERR AT Hg Ni Ml Pb S350 446. 10, 47.28 . 4 997. 80,

12
I
L. = A I MM B _ M ] .
z
4 H
o Wl Ayl I el I I I 1 I I i I b Uy nh N s 1 1 1 A I
L A A s a A E 8 s s E 8 "
S1 S2 83 S4 S5 S6 S7 S8 S9 S10S11S128513S14S815S16S17S518S19520821822523824 825 S26827 528 S29530 831 832
12 —
_ sk e
_;“ —
= _ —
Q _ —
%
= 4
o Wip 1I1 U HIH o Ut bl el Dl Hﬂﬂ I |T|‘J v d Dl Dl J'.I'J
"";I 82 83 54 S5 S6 57 S8 ‘;9‘;10‘;1|‘§|2‘§l3"§14<§15‘3|6Sl?‘;iSQI‘J‘;ZU‘;ZI‘;22‘§23‘;24‘;25‘526‘327‘;28‘329‘330‘;“‘;32
20
15 - —
E
2
£ 10+ M —
<
z
A HHIL: 5.819 mgke!
| ﬂ
0 |"l"| |‘|‘| ||_|rr—1|T|m| l'l_|‘l—||_||—] Hﬂﬂﬂl_l H ] | 1N
L S1 S2 83 S4 S5 S6 S? S8 59SIOSI|Slel’;SMSlSSlG5175185|932052]522SN52452552652752352953()3”532
_ Lok
20
-
20 —
E
=
o
z
05
FFHH: 0133 mgkg !
([T ,Hﬂﬂﬂ i Hﬂﬂﬂﬂﬂ i

‘-";I S2 S3 84 S5 S6 ‘7;? S8 ‘39‘EIO‘HI'il2‘§l3‘§14§15‘§I6Sl'.l”iiSQIQ‘;ZU‘;ZI'322‘7;23924‘?25‘326?27‘;28‘329?30‘;“‘332

E2 RAYHEMESCETENTESH

Fig. 2 Spatial distribution of the concentrations of various heavy metals in sediments
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Fig. 4 Modified geoaccumulation index of heavy metals in sediments
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Table 1  Correlation among various components in sediments
As cd Cu Hg Ni Pb pH TOC TR
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Cd 0.274 1. 000
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Hg 0. 097 0.290 0. 306 1. 000
Ni 0.335 0. 340 0.502 " 0.053 1. 000
Pb 0. 247 0.634™ 0.879 ™ 0.293 0.533* 1. 000
pH 0. 052 —-0. 065 0.013 0.022 0.312 0.129 1. 000
TOC 0.493 ** 0.596 ** 0. 688 ** 0.321 0.498 ™ 0.523 ™ -0.017 1. 000
DU -0.405" -0.228 0.018 0.074 -0.111 -0.167 -0.009 -0.051 1. 000
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Table 2 Principal component analysis of various components in sediments

PR
TR L ARELH 5] e
i PCAIL PCA2 PCA3 ERFE
As 0. 487 —0. 604 -0.215 0. 648
cd 0.784 0. 080 -0.246 0. 682
Cu 0.914 0.309 0.012 0.931
Hg 0.267 0.556 -0.104 0. 391
Ni 0. 652 -0.270 0. 477 0.726
Pb 0. 881 0.132 0. 096 0. 803
pH 0.084 -0.171 0. 871 0.795
TOC 0. 805 0. 042 -0.107 0. 661
ViR -0.226 0.707 0. 301 0. 642
FRAEMY 3.667 1. 396 1.215 —
T TR % 40. 743 15.514 13. 505 —
TR % 40. 743 56.256 69. 761 —
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Fig. 7 Redundancy analysis, principal component analysis, and cluster analysis of heavy metals in sediments
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