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Seasonal Varlatlon Characterlstlcs a}}d Pollutlon Assessﬁent of Heavy Metals in Water

and Sediment;of Taipu RlverJ f 7 ¥ g

LUO Peng cheng AU Yao-jen' =, SUN ng tlng , LI Sheng—hm _.G'ﬁ() Jia-xin' , KOU Jia-yi', GU Xin- longl., DUAN Yan-ping'

(1. Schodl of E-mqronmentdl ‘and Geographical Sciences, Shanghai Normal® Umverslty , Shanghai 200234, China; 2. Yangtze River Delta Urban Wetland Ecosystem National
Field Obser\rallon and Research Station, Shanghai Normal University, Shanghai 200234, China)

Abstract; Taipu River is a river spanning two provinces and one city in a demonstration area in the Yangtze River Delta on an ecologically friendly developmentand an
important water source in the upper reaches of the Huangpu River in Shanghai. To understand the multi-media distribution characteristics, pollution status, and ecological risk
of heavy metals in the Taipu River, the contents of heavy metals (As, Cd, Co, Cr, Cu, Mn, Ni, Ph, Sb, and Zn) in the sediments of Taipu River were analyzed, and the
pollution status and potential ecological risk were evaluated using the Nemerow comprehensive pollution index, geo-accumulation index, and potential ecological risk index
methods. In addition, the health risk assessment model was used to assess the health risk of heavy metals in surface water of Taipu River. The results showed that the
concentrations of Cd, Cr, Mn, and Ni in the surface water of Taipu River exceeded the class Il water limit at the upstream point in spring; the concentrations of Sh exceeded
the class Il water limit at all points in winter; the average value of As exceeded the class Il water limit in overlying water during the wet season; and the average values of As
and Cd exceeded the class Il water limit in pore water during the wet season. The health risk assessment of surface water implied that both adults and children had higher
health risk in spring and lower health risk in other seasons. The health risk of children was significantly higher than that of adults, and it mainly came from chemical
carcinogenic heavy metal elements As, Cd, and Cr. The average contents of Co, Mn, Sh, and Zn in Taipu River sediments in the four seasons all exceeded the Shanghai soil
baseline ; the average contents of As, Cr, and Cu in summer, autumn, and winter exceeded the Shanghai soil baseline; and the average contents of Cd, Ni, and Ph in summer
and winter exceeded the Shanghai soil baseline. The evaluation results of the Nemerow comprehensive pollution index and geo-accumulation index showed that the pollution
degree of the middle reaches of Taipu River was higher than that of the upper and lower reaches, and the Sh pollution was more serious. The potential ecological risk index
method revealed that the Taipu River sediment was at a low risk. Cd had a high contribution in both the wet and dry seasons and could be regarded as the main heavy metal
of potential ecological risk in the Taipu River sediment.

Key words: Taipu River; water; sediments; heavy metals; pollution assessment; health risk assessment
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o+ 0 0. 0014
S e 0. 004 i
In | JE " 0.3
2 HREWE 4 i .
21 Ak R Ak NS

2.1.1 K )2 K B R

K R 2K 4 @R EE Nk 5 Al 2 k.
p(Cd) BPUZE(EAF 0 ~0. 004 mg-L~"'Z[H], |
TEAE AR i ik 2K BRAA, oA 2= 1 7 T 2K
FRAELAT. p(Cr) B0 Z=FBI{E AT 0. 002 ~0.02
mg-LleI‘ETJ , PUEER S T HAZTT LB
JOKBRAA, KA 7E M2OKBRMELLT. p(Mn)
BP0 ZSE 4 (AT 0.01 ~0. 13 mg-L~' Z ], HZ
Bf T1, T6 ., T7 FIFKZER; T2, T3, TS, T6, T7. T8,
T 25K BRAE, H. T7 76 HF Mk ZH A5 5
{H. p(Ni) FPOZEF-EI{EAT°0. 000 2 ~0. 02 mg-L ™'
Z[8],T1 F1 T7 7E K ZERhE A M2ROKBR{E. p(Sh) Y
DU ZESE- 4 (A F°0. 000 3 ~ 0. 008 mg-L ™" Z[i], & 2=
WRE = T HAY 3 A2, AL e I
K BRAE, V5 Y i R 5, T7 7E 4 2T 438 5] 4
KA. As, Co. Cu Fl Pb 7 PUZEIIE T M /K BRAE,
B 1 e B e TP R Ui

MK, As | Cd, Co, Cr. Cu. Ni Ml Zn 7EHZ
VR BER 5 T Sh AEAC MR BE R 1. As | Mn i Sb 71
KA T7, p(As) TEHEFHR KM N 0. 02
mg'L” , p(Mn) TR/ R KE N 0.57 mg-[f1 s
p(Sb)TEAZERHKAE N 0.02 mg-L~" , B P37 A T7
SR AEAE T V5 YU, AGTEURER Gl A .
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Table 5 Concentration of heavy metals in surface water of Taipu River/mg-L ™'
= JLHE MDL Min Max Avg I 2Kk M2k M2k NVZok  VZEK R bR
As 0. 002 ND 0.02 0. 005 0.05 0.05 0.05 0.1 0.1 0.01
cd 0. 002 ND 0.01 0.004  0.001 0. 005 0. 005 0. 005 0.01 0. 005
Co 0. 001 ND 0.02 0. 005 — — — — — 1.0
Cr 0. 001 ND 0.13 0.02 0.01 0.05 0.05 0.05 0.1 0.05
. Cu 0. 001 0.01 0.19 0. 04 0.01 1.0 1.0 1.0 1.0 1.0
Mn 0. 001 ND 0.57 0.12 — — — — — 0.
Ni 0. 001 ND 0.16 0.02 — — — — — 0.02
Pb 0. 002 ND 0.02 0.001 0.01 0.01 0.05 0.05 0.1 0.01
Sh 0. 001 ND 0.01 0. 002 — — — — — 0. 005
7n 0. 002 ND 0.58 0.07 0.05 1.0 1.0 2.0 2.0 1.0
As 0. 002 ND 0.002  0.0005 0.05 0.05 0.05 0.1 0.1 0.01
cd 0. 002 ND 0.001  0.0009  0.001 0. 005 0. 005 0. 005 0.01 0. 005
Co 0. 001 0. 001 0.001  0.001 — — — — — —
Cr 0. 001 0. 002 0.003  0.003 0.01 0.05 0.05 0.05 0.1 0.05
g% Cu 0. 001 0. 006 0.007  0.006 0.01 1.0 1.0 1.0 1.0 1.0
Mn 0. 001 0.01 0.02 0.01 — — — — — 01
Ni 0. 001 ND 0.001  0.0002 — — — — T 070217
Ph 0. 002 ND 0.01 0.002 0.01 0.01 0.05 0.05 0.1 ~ 0.0L
Sh 0. 001 ND 0.003 0,000 3 — — = - — /0.005
Zn 0.002  0.004  0.01 007  0.05 1.0 1.0 2.0 20 S 40
As 0. 002 ND 0,009 ~.0.004 0.05 0.05 0.05 . 0.1, 0.1 Fo.oLS
cd 0,002 ND | 0003 | 0.0002. 0.001 0.005/ + 01005 0,005 0.01 07005t
= Co /002 0001 | 0.003 | 04001t — — g = Y E, — £
Crs d ;0001 0. 001 0/02 / 10.: _9_9‘2’ 0. 01 0.05 005 ) O 05 0.1 0.05
o cu’ [ oo 0.003 ' 0g03" & 0, 006 0.01 Lo /o 19 1.0 “1.0
‘ M 4 L0.001 0.05 0.36 2 0.13)7 — — &3 i — — 2.0.1%
Ni  =0.001 ND 001" 0.902 — 4 g\ 2 — — 0. 024
;. Pb 0.002 ND 0.002 | 040003 | 0.01 0.01 [ 0705 0.05 0.1 0.01
4 Sh | 0.00LL ND 0:01 0.003 .+ oot — — —= — 0. 005
" | 'Z4* 0.'002 0. 002 003 o 0"1"'m_..»"30. 05 1.0 1.0 2.0 2.0 1.0
As =) 0.002 ND 0.002  0.001 0.05 0.05 0.05 0.1 0.1 0.01
cd 0. 002 ND ND 0. 00 0. 001 0. 005 0. 005 0. 005 0.01 0. 005
Co 0. 002 ND 0.001  0.0001 — — — — — —
Cr 0. 001 ND 0.01 0. 002 0.01 0.05 0.05 0.05 0.1 0.05
P Cu 0. 001 ND 0.03 0.01 0.01 1.0 1.0 1.0 1.0 1.0
Mn 0. 001 0.02 0.15 0.06 — — — — — 0.1
Ni 0. 001 0. 002 0.02 0. 004 — — — — — 0.02
Pb 0. 002 ND 0.002  0.0001 0.0l 0.01 0.05 0.05 0.1 0.01
Sh 0. 001 0. 005 0.02 0. 008 — — — — — 0. 005
7n 0.002  0.009 0.06 0.03 0.05 1.0 1.0 2.0 2.0 1.0

1) MDL ( method detection limit) ; ¥ 4% B2 , Min ; iz/]ME , Max RE s Avg;qzﬁjﬁ; ND (not detected) Fern RAGM Y, “«—" LR TCEHE; 1 ~V

KRS (KRB TR AR IEY B0 IR K AR ES 2 CE TR K A pRiiz) 1Y

2.1.2 KUK SFLBR K E 4 vk

A K S5 LR K B 4 R AN SR 6 AN
3 FR. p(As) TEF7K I &K 14 T ND ~0.58
mg- L~ Z B (ND AR, FRED FLEK A
F ND ~0. 13 mg-L~" Z (8], F KA 3K AL B
IKIAEAE s R A T 2RK BRI, p(Cd) 7 F K AL
Bk AT ND ~0.06 mg-L~" Z[] | {7 A i it
M 25/KBRAE. p(Mn) 7E=EKIA B &K . LB K Rk
K K H 45 T ND ~ 1,58 ND ~4.40 FlI
0.07 ~2.19 mg-L.~" Z 1], 4 del 1 T 2 7K BRAA.

p(Ni) ZEA K] EBIK 4 0. 002 ~0. 04 mg-L™'

Z (8], T3 FE A 7K 390 ik b 2 K R e T 2 oKk RR 1.
p(Pb) ZEARZKIAFL K 11 4F 0. 007 ~ 0. 06 mg-L ™
Z [8), T3 7 A 7K 3 i AL BR KRR 2 T2 KRR AL
p(Sb) 7EFAIAFLEL K H4F ND ~0.41 mg-L™'Z
i), i s 25K BRAE. Co, Cr, Cu Fl Zn 1E
FIR ARG 7K ) E B 7K RTFLBR K $4K F T 287K B
{E{H Cr F1 Cu ZEAR 7K 178 7K e 35 1 A 0 sl A8 4k
WK, ATREAATEAME B 4 B B A IR R,
AEIKAE KIS As (9 F- (8 A T 2R /K BR(E , FL
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6 #
003 (a)As : z;
— Bk
[} v &%
T_J 0.02 L -
EJ
. . M1 27K FRAK0.05 mg L™
o0, '
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3 82w v h it A LA
[(F R == 20 S wm = == S S5 5 —
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0.014
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¥ e N e e
IR ESesas=o= == =
0.020 |
(i) Sb
0.015 }
_ 015 ;
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0
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.............. sl ettt - R
0.004 =
A
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oo o o 9o 8 5 0 5 8 s 89
ol g ;
013}
s (d)Cr
0.12
— 2 I 2K R {E0.05 mg- L'
Ly 005 f-=a-mmmmmmmmmemmmmmmmmememmmm=Zea
£
E o4t
= L . =
2 o003t N,
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‘\
0.01 | wy
of Tttt}
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- 4
2
= 03t iz A
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0.1
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Fig. 2 Concentration of heavy metals in surface water of Taipu River
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A DL LR K rp ) Cu A1 Ni B i B8 7E /K
Fk K3 178 K 13 2 K R FLBRK, Cu A1 Ni \f
A HCE R AU e A B K Y
As. Cd, Cr, Mn, Pb, Sb Al Zn A9 B 7 3 7K 1 A
MK BBE R B ELAT AN [ ) A8 Ak, 36 BN 3 4w Wk % 22
IKSCIRIE . A5 ML e B 0I5 ik TG AR 25 22 P [H 2R 45

#1'°1. As, Cd, Co 1 Sh 7£ F= K I FL B K i v FE H
HALE A ALERAE , N T9 TR IR T X &R
TO AbF Vi Hh 11, K AL T8 3 5, 8 3R 11 7K I i
BBl TR T IO A ML R A AL, AR
T E AR MR, AR ) K I (AR A P

AP AR TUUBIR K AR 228 .
®6 KBWLBEASHABKESERE" /mg-L~!

Table 6 Concentration of heavy metals in overlying water and pore water of Taipu River/mg-L ™!
IEE] UIRE| Al As Cd Co Cr Cu Mn Ni Pb Sh Zn
Min ND ND ND 0.002  0.006 0.0l ND ND ND 0. 004
EEK Max 0. 002 ND ND 0.003  0.007  0.02  0.001 ND 0.003  0.01
Avg 0. 0005 — — 0.003 0.006 0.0 0.0002 —  0.0003 0.007
Min ND ND ND ND ND ND ND ND ND ND
AW BEK Max 0.58 ND 0.003 0.0l 0.11 .58 0.008  0.02  0.002  0.08
Avg 0.13 — 0.002  0.004  0.02 0.72  0.001  0.003 0.0003  0.02
Min ND ND ND ND ND ND ND ND ND  _.ND
FLBRAK Max 1.13 0.06 0. 04 0.01 0.08 4.40 0. 001 0.007 _0.4="__ 006
Avg 0.31 0.02 0.01  0.003 0.0l 134 00001 0.001 | 0122 0/02
Min ND ND ~ND ND ND 0.02. 0.002 ND 07005/ 0.009
RIEK Max 0. 002 ND  [4ND 0.01 0.03 /oI5 0.02  0.002 o0 (..)_2““ 70706
Avg 0. 001 e 0.002  0.01 /006  0.004 0.0001 0;0084" 0.03
Min ND ND L ND ND 0.01 ; 0.07 /7 0.002 % ND 0004 002
MKW BEAK S Max 0.003 | 'ND | '0.003 , 0.02 0.15 | 2. 19 0.04, 10.03 0.01 | 0.4
— A 0. 002 L/ 08009 0.004  0.06' 1 0.86s" 0.007.47 0.004 0007 .08
A AT dvin ND <N/, /’ ND) 0. 009 ND 0.0l ANDT 0.007  0.004___ND" &
Bk 0 Max 0.007 TND T os002<f 001 012/ god L aD 006 olor 0050
S A 00005 | AL pom o001 oo -é 24 002 0.006 " 0.005
1 el M ik, v P ND (ot etected) B KR M, “— Fe 0 '
| f ‘,-““ | - " | i ) _ ]
2.2 ) KWAEMEeRSR & 7 UEWE SR SRR

ORI 907 0 AT B 4 R K 7 TR, Co
Mn ., Sh il Zn 78 4 Z=45 -3 E 5T b7 4 0%
BT 5AH, As, Cr fll Cu 7EE 5 | KB RA T
(BB LT T IR S {l, Cd, Ni #l Pb 7E &
FMA T E B F T BT S (H. As,
Cd. Co, Cd, Cu, Mn, Pb., Sb 1 Zn BYFH(EH I TE
FZERFN /N, AN Cd, Cu, Mn F1 Pb & A
MR 43 > BF > FF > E H
RELE T BEN AR 5 R THESE, K
WHEE R KEMA R TURY) ELSE T 2R
. W R RECKE , Cu 7EF M Cd, Sb, Zn 7EFK
ZE AR S RECR K, 4398 111, 86% il 118. 19%
112.59% . 79. 04% , &M LA | 58 4 J& 5% 3 AN 5 Y2
sEI. RIZKE B E STTRY E 48 & &7
BB LS BENEREKESREERS,
MUY B 4 Jm & B (BR Ni AN M T HA TR
%, 33X 2 PR A 7 o o R T /K TR A AT, V5 e G P i A
o, SEARTE A R T 5 4 i MU R 1) K B, it
SN A1 B 78 5 22 B B 1G5, B - AR 2R R
TR K BN 1115 35 22 38 2 7K o 43 Wk B A i

2.3 KTHAT 2 7K B AU T

R 83 A YR V0T U 2 4 e R R AR e R B XL
S e B = N a1 R P\ N ER o B L BN 0 £ S g
JITE AU, i 4 s . TR E AL
HIERTA R E R RS, HAaFE
& R AR AR, L 3 1 B 4 s it B XU BH I v
TR 5RO EE, LB 2 5 in e i) IR A2 44
BOEM TILEM R B, BA S 2B EEm T
fo, X 50 A WM AR —2 0 K b2z
Fom E 4R (As, Cd F Cr) XA ILEE 1Y B XU
HE T BUEESE 4 ~7 MR H, Hd L
Cr AR EF K, As IRZ, Cd /N, ANE X LN
WL, As, Cd F1 Cr 7E 4 Z45 th A7 AR B A
Yoyt aok [ o 6 A 7 7 2% 5% 2% (ICRP) BT 475 19 d5e K
AEZKF(5.0x10 7 a™ ). AU AR MY
A DRSS X s N R L g IR {3 S A0 T e K T 42327
IRV 4 ~T DR, F W T DU 32 1 KBz K,
XA FLEEAS ™ A A6 ORI ] 1) 2 4 s R
KB EER A TR BUEE SR UK As, Cd
i Cr.
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Fig. 3 Concentration of heavy metals in overlying water and pore water of Taipu River
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Fig. 4 Health risk of surface water in Taipu River
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Fig. 5 Nemero comprehensive pollution index of heavy metals in sediments of Taipu River
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Fig. 6 The I, of heavy metals in sediments of Taipu River
x7 AHANRYELESE
Table 7 Content of heavy metals in sediments of Taipu River i
. N = N = = —
B S B % HE »E &% | g AR
Min/mg-kg ™! 5.01 742 6.09 - 7.53 W
ax/mg-kg ! 10.22 | 18.04 17.7 1 g
As Max/mg kg71 '.-_:::l'l:8 2 6 I-g S.SO.HI')(’H‘/_—‘ |
Avg/mg-kg 6.96 12.79 13.04 -:13 15 | W o {// |
CV/% 19,72 £22.79 20.51 / 22,75 \ 7 4
Min/mg-kg ! 0. 00 : " 0,10 0.00 [ ¢ B . | ~r . i
_ il [ 1 |
ed _.Nfax/mg kgt 0. iS A .'_‘_}'Gl,.- 0.65 | .';:' ) (3;_?3 -"::F‘l o.18 ) '
A ,f .Ayg/mg kg~! 0. 1} & // 6 0.17 & 7 032 ) ¢ Ly
'.«-“ | .,,, J é’vw ..J]'7.3_9»—' 2;{7‘(; 118.19 ,44"41" . # . ,.-ﬁ
| } S Min/mg-kg ™! 11.10 9 18.02 S giise . - JF
1 | "-Tl,- . 1 | § F \ | @ F
Jeo * Max/mg- kg 19.58 28.18 i 21lo1 12,60 ?f*}
I3 4 A/ mgeke ™! 464 | 1 2.1 " ph 1495
P { i 1 e
7 Y ‘ | OV %y 40 |, 18.09 j-‘fL_ | 1438 15.50 i
1L ? Min/ kg 1 A §%3..;,7 65.66 63.16
a '8 Max/mg-kg ™! 108.65 110-03 151.74 125.31 7440
_,:"" Avg/mg-kg ™! 73.53 78.45 93.57 80.58 ’
&’ CV/% 19.59 18.19 21.22 18.36
Min/mg-kg ™! 7.07 16.25 6.74 18.24
. ko1
Cu Max/mg-kg 125.98 125.28 100. 45 192.75 26.70
Avg/mg-kg ™! 25. 64 41.25 27.95 48.81
CV/% 111.86 68.07 84.29 83.85
Min/mg-kg ™" 271.57 311.63 284.53 483.30
: kgl 738.74 . . )
Vi Max/mg-kg 1096. 63 906. 36 1823.24 560,20
Avg/mg-kg ™! 468.15 756. 06 532.30 889.23
CV/% 23.61 28.75 27.60 33.33
Min/mg-kg ™' 5.60 23.44 11.32 26.05
kg ! 15.66 . . .
Ni Max/mg-kg 50. 11 26.43 49.62 29,80
Avg/mg-kg ™! 9.67 35.51 17.64 36.93
CV/% 31.60 18.82 21.87 16.70
Min/mg-kg ™! 3.46 19.40 6.32 22.73
: kg~! 24.08 . . )
- Max/mg-kg 56.73 21.59 97.86 1700
Avg/mg-kg ™! 8.89 32.66 11.23 38.24
CV/% 54.37 34. 66 36.19 46.28
Min/mg kg ' .20 0.78 2.14 1.00
; ko1
- Max/mg-kg 5.33 6.02 25.27 6.75 0.83
Avg/mg-kg ™! 2.45 2.17 5.08 2.73
CV/% 46. 89 64.99 112.59 56. 45
Min/mg-kg ™" 36.71 52.31 55.57 67.57
. ko1
n Max/mg-kg 183.94 285.40 456. 87 268.08 78,20
Avg/mg-kg ™! 82.14 122.22 125.51 144.22
CV/% 57.16 48.86 79. 04 39.47

1) Min: fie/IME, Max: 5K (E, Avg: FI91H, CV AR 5 R 5L
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