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Concentrations and Ecological Risk Assessment of Heavy Metals in Surface Sediments from Tributaries of
Yugiao Reservoir

HU Xiao—fang, WANG Zu-wei’, SONG Xiao—xu, LU Jia-rui, CHEN An-ran

(School of City and Environmental Science ,Tianjin Normal University ,Tianjin 300387, China)

Abstract: Yuqgiao Reservoir, an important adjusting reservoir in the project of diverting water from the Luanhe River to Tianjin City, is im—
portant water resource for Tianjin City. The potential ecological risk of heavy metals were assessed by using Hankanson ecological risk index
methods and the sources of heavy metal contamination were estimated with correlation analysis after the sediments samples from three tribu—
taries of Yuqiao reservoir were collected and the concentrations of heavy metals such as cadmium (Cd), lead (Pb), chromium (Cr), copper
(Cu), zinc (Zn), manganese (Mn) and nickel (Ni) were analyzed by [CP-MS. The results showed that sediments of three tributaries of
Yugqiao reservoir are uncontaminated by Cr, Pb, lightly contaminated by Ni, Cu, Zn, moderately contaminated by Cd. The Hankanson’s eco—
logical risk factor of Cd averagely was 106.78, meaning the highest level ecological risk. The ecological risk of Shahe River in three tribu—
taries was at highest level. The total potential ecological risks of heavy metals in sediments were at low level assessed by potential ecological
risk index. The ecological risk of Bahuzhuang sampling site of Shahe River was at medium level ecological risk, the sampling site near Zun—
hua city was at the intensity level and the Xiliucun sampling site was at high intensity level. There was better correlation between Zn and Cd
with correlation analysis. The resource of heavy metals pollutants of three tributaries of Yuqiao Reservoir may be controlled by mining area
distribution and riverway shape.

Keywords: sediments; heavy metal pollution; ecological risk assessment; source; Yuqiao Reservoir tributaries
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Figure 1 Sampling sites of sediments in the upper reaches of Yuqiao reservoir



1212

RAIEFF 2R ERET R

I
3
)

g Sand
— Clay
100 +

wn
(=}
T

Pb Concentrations/mg - kg™

(=]
T

Oonfipionmnfnng

54
o

0.6

031

Cd Concentrations/mg kg™

0F

2200}

&

£

E

Z 1001

E

£

S o LA AL
vso bt L B L L T T L T

TbD

n

Eoof

E

£ 50t

z

&}

S of

100 +

Ni Concentrations/mg - kg™
w
(=)

ol p il alalnn

100 -

{ININ

50F

Cr Concentrations/mg * kg™

0OF

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Soil Temperature/C

PR 2 FORE L 7 TR TERD kL
B 2 FHKE LSRR AR P E S B R EXtt
Figure 2 Comparison between sand and clay of heavy metals in

sediments from the upper reaches of Yuqiao Reservoir

x1 FHKELFRETFRYZIRERECESE
Table 1 Heavy metals concentration of sample sites in surface

sediments from the upper reaches of Yuqiao Reservoir(mg-kg™)

i Cr Ni Cu Zn cd Ph

S1 43.002 45200 75.389 113907 0.337 11.262
S2 126.571 114.941 134.817 138902 0.377  51.827
S3 94.438 82988 72351 92200  0.262 10.744
S4 89.274  76.863  71.375 160.996 0.458  24.879
S5 52285 58.144 75330 96.689  0.353 13.532
S6 99.391 70.761 93.616 183.531 0.661  100.834
S7 55773  56.191 102999 136.700 0.269  47.038
S8 41338 42069 54.668 115.257 0.253 8.957

S9 54.455 33955 31.820 99.363  0.260 15.815
S10 42743  46.707  60.000 108.747  0.214 8.198

S11 137.367 43.533 28431 123493  0.278 17.217
S12 80.776  66.390  69.779  85.644  0.265 16.916
S13 59.943  50.291 75360 85.085  0.239  53.377
S14 34400 46.256  78.003  98.854  0.259 9.050

Or R Q VUKL 1 2
2 FR5IE

21 MBEYHESLENEES N/

T KPR K UG 4 RAE S RIZ VIR E 4
JEEEWE 1R,

MFE 2 1 A BE vT LLE H, Cr Ni.Cu . Zn .Cd
A S Z RO L4 /0N P 1978 S5 2R BRI, Ul TR
NG YA H SRR LR,

FHKE FIATREZ TR E 4 BT RN
AR : Cr:34.4~137.367 mg-kg ™, Ni:33.955~114.941
mg-kg?,Cu:28.431~134.817 mg-kg™,7Zn.85.085~183.531
mg kg, Cd:0.214~0.661 mg-kg™,Ph:8.198~100.834
mg-kg™, Hort Cr DA 11 53 055 5, Ni Cu L 2 53
7 it , Zn (Cd \Pb L4 6 Sy i fserh
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Table 2 Heavy metals mass fraction of surface sediments from the

upper reaches of Yugiao Reservoir(mg-kg™)

JLER CFH ME ROKE PE RrE2ZE AR RE(CY)

Cr  72.268 344 137.367 57.868  52.981 0.733
Ni 59592 33955 114.941 53.241  34.507 0.579
Cu 73138 28431 134.817 73.84  43.332 0.592
Zn 117.098 85.085 183.531 111.327 46.952 0.401
Cd 0.32 0.214 0.661 0.267 0.190 0.594
Pb  27.832 8198 100.834 16.365 42.842 1.539




BRI , % TR BRI S 4R & i B E S KR A 1213
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Table 3 Comparison of average content of heavy metals in sediments from the upper reaches of Yuqiao Reservoir and other regions(mg-kg™)

Wi H Cr Ni Cu 7n cd Pb SCHERAE A
T 72.27 59.59 73.14 117.10 0.32 27.832 YN
KA K — — 97.90 289.20 1.10 68.60 [11]
SN R 60.40 26.15 48.07 76.42 0.30 25.55 [12]
KR 72.16 — 29.06 89.04 0.35 23.40 [13]
i 31.73 — 14.92 73.68 0.45 21.94 [14]
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Figure 3 Concentrations of heavy metals in surface sediments from the upper reaches of Yuqiao Reservoir



1214

RAIEFF 2R ERET R

5 R bR A, Cu B 86%E U I I FREE R
R UE, 14% 8 ) TR i WA, Zn
5798 i M AR T — AR iE, Cd F A
FE s A BRI i — b, R 6 5 A
PR R T bR, Ni L Cu i XA X
Zn [Cd E{E X AR X KB, s E8 0T 2 5
H16 5 i

XA K B = 45 3 o ) AT 45 4 R 1
a4,

R4 FHKELHEIREESBETYEE (mg-kg")
Table 4 Mean concentration of several heavy metals in sediments

from the upper reaches of Yuqiao Reservoir(mg-kg™)

[X 15, Cr Ni Cu Zn Cd Pb

Vst 88.278 66430 72.542 118.434  0.350 33.905
] 38.701 45728  76.696 106.381  0.298 10.156
g 46.618  48.322 72556 120.235  0.245 21.398

R EE 4 R TS YA AR o Y 2237 Cr,
Ni Cd .Pb (175 4 = F ki A&, ki 2237 Cu
15 Y i VI R RL] | B] B A7 Zn IG5 Y TV
FRIAT o = AT I T LR G bl i 1 55 49 Sl 2« Cr
DI S BN SPRIAT 5 Ni A V3] > 2] > IR0 5 Cu S ik
TS SV s Zn Sy BZIR] > Y] > 3K30] 5 Cd SRy v in) >
WRIAT>SEL 5 Ph RVl > BRIk . = 2RI A2 TG e
FEEE F R LIV RIS, BT st
WA B AT, AT A T I Ak, k] A
LTIY P OREE Y R S T
22 MBRMEEEESKEIEN

K A3 LR 22 58 Hankanson! & H AT 76 A= XL
FAREC (RO W T KRR JZ TR 4 B i 72k
BREETER I Eei A TR TR B4R &5
K4 @ AR ASAON  PRBERON s 2 IR
MR E 4 S PR T S PRI A 7oA e et X TR ) v B i
2R E 4R 15 Y 1 B IP)T YR B R A AR S AU
fEFE A TIPMY, HF k=R

Rhiﬂ:iﬂﬂﬁiﬂ-g (2)
i=1 i=1 i=1 "

A CONTE SRR § FX TR SR E G R
B CORIZVURWE SR ¢ SEE; CON TR &
B RS, ASCR AT E bR LR AT Tk ik
PARTOURR W) b o 4 1 A Bk e 1 e (L S O e
S S (3R 5P T, 0 4% F 4 Ja O S PR AR I 28 40095
E AT & R MRS ST REGRI N Z R E
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Table 5 Background reference values(C, ) and toxicity coefficient

(T}) of heavy metals in sediments

JLE Cr Ni Cu Zn Cd Pb
T; 2 2 5 1 30 5
Tl AEHT BRI

4 i 25 B ek 90.00 89.00° 50.00 175.00 1.00 70.00
FHET T 58 /mg kg 82.50 3229 28.00 76.27 0.09 20.00
T FORICERP ARSI Ni & 5T 5, ASCRAME x4
J& R
S B IBTEAS NS F R 2L
E AR — 5 e OO TS TE TS P e FH R,
3N 5 ADEEG RIGERIR S — S 205 YW e TE
AT G FEAR BN LA >, 00y 4 (R
6).

xR 6 BEATSREREMORRR

Table 6 Indices and grades of potential ecological risk assessment

WETEER Ei<40  40<E<80 80<E<I60 160<E <320
f&EFSH RI<150 150<RI<300 300<RI<600 RI=600

faHRE R T R AR5 58

E,=320

H 7 Al LA TR AT ek h s 4 R
R s EPRIE, THOKE RSO 4 m T
HEAESEE LM Y E TREAE, S SAESRN
BATRVE AR AR S KU R EC(ED) R B/IN I A Cd>
Cu>Pb>Cr>Ni>Zn, #4F 55 4 MV A AR A AU 4
BRI ZFE YT > In) > 2230

PLREETT 3875 S5 bR >, F K e L i
TRV Cd BT TE A A R REAERE A5 6 3k
AR GR A RS, HAY 13 VFE S rp gk 25 A 25K
W6 (A 3 , Cr Ni . Cu . Zn P 4 V8 78 4 25 KUK 22 50
B FE A TR A SRS o S S BT
FEA SRS HE R B A 2 S A AR AR R, JECd
1 Cu 1 STk AKSE 23510 A 71.93%H1 13.78% ; Ff 45 4
GEAETT) R A SR, H Cd A9 5T ik K ik 3]
84.5% ; #f 5 6 GEALTH T IiE ) R AR i AR 25 U, HiCd
Pb Fl Cu 9 53 Bk 7K °F 43 51 24 81.16% .0.09% Fil
0.06%. Cd Jy FEREFEAT RN ESECE, T
AT K 1) T b 22 HAHE R Tl 2 7K &
A T TG K R TR 4 SR TR B VR FR LR, S EORE AT
4 16 YUY B IR TEAE G H o = 2RI 4
JE VAR A 25 G R B BN IN A VDl ] > B | 45
4 B IR E SR E R KRB N5 . OV
Cd>Cu>Pb>Ni>Cr>Zn; Qi : Cd>Cu>Ni>Pb>Zn>Cr;
QF] . Cd>Cu>Pb>Ni>Zn>Cr, — 2T 44T 4 @ vk
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Table 7 Ecological risk factor(E; ) and the potential ecological risk index(RI) of heavy metals in sediments from
three rivers in Yuqiao Reservoir
EET e R B e
Cr Ni Cu Zn Cd Pb Cr Ni Cu Zn Cd Pb

s 1 0.96 1.02 7.54 0.65 10.11 0.80 21.08 1.04 2.80 13.46 1.49 112.33 2.82 133.95
14 0.76 1.04 7.80 0.56 7.77 0.65 18.59 0.83 2.87 13.93 1.30 86.33 2.26 107.52

SEME 0.86 1.03 7.67 0.61 8.94 0.73 19.83 0.94 2.83 13.70 1.39 99.33 2.54 120.73

Vst 2 2.81 2.58 13.48 0.79 11.31 3.70 34.68 3.07 7.12 24.07 1.82 125.67 1296 174.71
3 2.10 1.86 7.24 0.53 7.86 0.77 20.35 2.29 5.14 12.92 1.21 87.33 2.69 111.58

4 1.98 1.73 7.14 0.92 13.74 1.78 27.29 2.16 4.76 12.75 2.11 152.67  6.22 180.67

5 1.16 1.31 7.53 0.55 10.59 0.97 22.11 1.27 3.60 13.45 1.27 117.67  3.38 140.64

6 2.21 1.59 9.36 1.05 19.83 7.20 41.24 241 4.38 16.72 241 220.33 2521 27146

9 1.21 0.76 3.18 0.57 7.80 1.13 14.65 1.32 2.10 5.68 1.30 86.67 3.95 101.03

11 3.05 0.98 2.84 0.71 8.34 1.23 17.15 3.33 2.70 5.08 1.62 92.67 4.30 109.69

12 1.80 1.49 6.98 0.49 7.95 1.21 19.91 1.96 4.11 12.46 1.12 88.33 4.23 112.22

13 1.33 1.13 7.54 0.49 7.17 3.81 21.47 1.45 3.11 13.46 1.12 79.67 13.34  112.15

FME 1.96 1.49 7.25 0.68 10.51 242 24.32 2.14 4.11 12.95 1.55 116.78  8.48 146.02

] 7 1.24 1.26 10.30 0.78 8.07 3.36 25.01 1.35 3.48 18.39 1.79 89.67 11.76 12644
8 0.92 0.95 547 0.66 7.59 0.64 16.22 1.00 2.61 9.76 1.51 84.33 2.24 101.45

10 0.95 1.05 6.00 0.62 6.42 0.59 15.63 1.04 2.89 10.71 1.43 71.33 2.05 89.45

SEEME 1.04 1.09 7.26 0.69 7.36 1.53 18.95 1.13 2.99 12.96 1.58 81.78 5.35 105.78
EASEEE 1.70 1.38 7.25 0.68 9.61 2.17 22.78 1.85 3.79 12.95 1.56 106.78  7.58 134.52

T FOR UL T AR HHTURR A TG 15 S B AR, o SR AR LT S E bR

TE AR 25 FR B S48 R B/ MRl Cd>Cu>Ph>
Ni>Cr>Zn,
23 FHKEEERISHERESHT
2.3.1 AHSAE M

XSRS R B 4 R — KA TR P oe R
ZEAFAE RAF ARG , SR IX L 5T 3% ] REAF7EAH )
IR AT R IR IR PR N A5 Gk it )
Ui B G e A 22ROk, BE AT RESRIE A 1 H AR
WA AR, s T BEAR B A e R BK 5T A8 8 A

GV AR SRS Y TR, B V5 GeinT i s AR TS R K
FT AR 5 7K HE Tl 7155 R 2 25 DURR A 2 iy SR R
ENESE,

FHe K TR R (R B 4 5 4 (R AH G
PEOHTEE TR (F8) ], Ni-Cr Ni- Cu.Zn-Cd Zn-
Pb Cd-Pb [AG 8 m AR  RBT e TR IR
T Zn-Cd FHE R B0k 0.828, 5L 5 2 AH ¢, i X %
FlOCR S s i, DR R X A 4R
JUER TG YRR REARIR] , 320 B 8 Bl Ak HEACA Tl
KA RATE TG 7K . DI & TR 4@ e R R AH
KM SO MPERT . WRBARAE LS DT IR A G,
pH BRI T 48 & S A R & 0 R T

x 8 FH/KELFNRNESZEHEXRLY
Table 8 Correlation coefficient between heavy metal elements of

surface sediments from the upper reaches of Yuqiao Reservoir

Cr Ni Cu Zn Cd Ph
Cr 1.000
Ni 0.617 1.000
Cu 0.157 0.751 1.000
Zn 0.419 0.364 0.365 1.000
Cd 0.387 0.422 0.379 0.828 1.000
Pb 0.379 0.391 0.547 0.656 0.720 1.000

BRI 2855 R BRFAE T, P2 Zn T Cd® g Wi B 10 7 14
K, 38 5 3B DA A K PEZK BT pH G258, 10
F 4y CRIAR YR AERT ] F 45K pH ¥R 8.3, 4
FIF Pb Zn F1 Cd 5 42 & B F7E TR S 1R 2 T 119
W, DAL Ph Zn 1 Cd 22 [)-3 A5 85 1 AE Pk
2.3.2 FHF KR P AE T 4w V5 Yl o An
UEAESR , T 7K R b A 2 [X J] 3 k2 22 3 i

SRR, RS Y RN JR S Y H 2SR, (A B Y
g RN, K ZE 7K UEAR  JE DX KR ) 15 Y 3
FH kTS YL 2R R TS YIRS il s ¥5 LU 3 3540
B FHR K I AN LY 80% v Tl b A Ak T BE
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S S A T 285 KSR A S AR =, SR T
TR G IR A A 80, A5 FIR AL, & R ad AR R VM
T AMARTAE A 3T, 4 B B0 B g R 1457 8 3254k,
TR & I 2 22 X, o rp R 5 e e
B R 5t A S A R TS Yo TR B ™,

K R Ml KA TR R KHER Kk E S

PR SR HE MK I, SEGIAL T 0 TR 4 75 ™

L, RV AR A RS Xt . (HEE G Rt AR A
PIRVL BRI A1, BEE KR s T2 VR I
RIZVURY G s S r iR B AR B th
R E N E R S R B T, R AT T
UFCRR Y e A 2 KU BORE _ 3 S (B 6 5
KA RS KSR T 4 5 800 —RAEFE 00
11 BP0 o 5 R , T L o U ik A
X AR, 2 5 SRAE A T P Ar A SR A il s LA

TRAEIELL, TURYIH LR 5 S R E G R T
B\ U R e T A A KRS 1 3 e A
kT R P P o - O R0 W 1 V= DR
DLLA KA IE 1) A 9RTE AN R AE 2 i il T AT 7K 28
AR E TSGR BN TR K R L A R
JEAT DX, HLEE K I o3 A, A L R ) O R R
WX AR e ela YR ia B, H AR A A B
&, MR R AR BIREL, 728 IR AR PRl fe
HEREERY W4 GRS TP I AR
38 It AR FHE AR b7 SR 3 T
KPR G BTG Y BTG Y08 A, TR i
AR BSOS, H AR B LA
R, ATy & R G i R BT K% LI SO T R
LEE S Ik S S

&it

(1) FHeKE ISR DU R b 4 8 o i
BIR TR dE 48 & it TR PE B3l = 25 v
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Figure 4 Distribution of heavy metals pollution source in the upper reaches of Yuqiao reservoir
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