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Pollution and Ecological Risk Assessment of Containments in Sediments from Jilin Sewage received River
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Abstract: Jilin is one of the most important chemical industry cities located in the Northeastern old industrial base. Heavy metals and
polycyclic aromatic hydrocarbons (PAHs) have been detected in sediments from different regions in China, but little is known &
bout Jinlin sew age received river, whose pollution was very severe owing to long time industrial and municipal wastew ater. T he
aim of this study was to investigate pollution of heavy metals and PAHs in sediments and to assess their eclogical risks. A total
of 35 sediment samples from 12 monitoring sections along this sew age received river were collected for determining the concerr
trations of 8 heavy metals( Hg.Pb. As.Cu.Zn.Cr.Cd.Ni) and 16 EPA priority pollutant PAHs. Geoaccumulation index, H?
kanson potential ecological risk index and sediment quality guidelines(SQ Gs) were respectively used to assess the pollution and
potential ecological risks of these containments in the sediments. The concentrations of heavy metals and PAHs were higher
than the background values, especially H g Pb.Cu As.NAP.ANT .The geoaccumulation index indicated that ecological risk de
grees of heavy metals in the sediments ranged from high to light levels, with Hg> Pb> As> Cu> Zn> Cr> Cd> Ni, while that
of H%kanson potential ecological risk index was Hg> As> Cd> Pbh> Cu> Ni> Zn> Cr,SQGs indicated that adverse benthic inr
pacts would occur frequently. The sediment was polluted by heavy metals and PAH s, mainly related to Hg.
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Tab.1 Sampling sites in sewage received river

RFE AL E i K%/ em
L i/l B1 0~ 50.50~ 100
B UL gy 0~ 50,50~ 100,100~ 150,

150~ 200

0~ 50.50~ 100.100~ 150+

: YE L R ZHX
m/:':i'%ﬂdﬁqu JZQ?J_J |§|lﬂ B3 150~ 200

rRE] B4 0~ 50.50~ 100,100~ 150
AR 2) 5 TG 4% X T8 B5 0~ 50.50~ 100,100~ 150
B4 B6 0~ 50.50~ 100,100~ 150
W% B7 0~ 50.50~ 100,100~ 150
WOl A2 Bt B8 0~ 50,50~ 100
DBk B9 0~ 50,50~ 100
ENPARLY B10 0~ 50.50~ 100,100~ 150
R4 B11 0~ 50.50~ 100.100~ 150
A AR B12 0~ 50.50~ 100,100~ 150

1

Fig. 1 Sampling sites
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Tab.2 Index geoaccumulation and

contamination grade assessment of heavy metal in sedim ents
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Tab.3 Ecological risk index and classification of risk intensity
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BB A 5ok B, B KME S m/ME 2 TR 5 il AE 2
69 67.55. 30 fiF, X K WA [F] fi A7 HE 4 Ja w5 AR A 10
ANF . RGN AR 7 RAAE O 33~ 2. 86 1),
NAP.PHE.ANT (1))t & 73 £ 4% fb 5 o B 2, e K
H5 S/ IMEAHZ A5 53 ik 2] 2 784 23,1 166 32,
1105 10 fi5. AIfgJRP 21X 3 Bl 2 3805 481 0 %
R, S ¥R AN A B TS R A R
PB4 s g i v
TR Ve TS S (e A 5 B L, BORE AR 4 L 2 38

4

Tab 4 Containment contents and distribution in different sampling section

75 )6 SIS IR R I 1 A, 8 ol 4 J S 3 {EE
PR ECLE 0. 30~ 87 47 Z10), 385 IR bR A5 B AE
- 0. 04~ 228. 45 2 [f], 2 Hg Pb.Cu-As.NAP,
ANT 45 °F {8 & 75 0l 15 5 {8 87. 47, 10. 21,
6 18.5. 90, 115. 55.228 45 f%, X E W £ 4F (175 7K
Hefde 3 BBy e iR K B, A
AN BaP 75 35 AMFE il AT HE 2Rk 65 71%,
PE BT 5HE 1. 05 5. V5 W MRy R Aok &,
8 PR G AEAS IR B 1) e AR LA [, T ) 4
T AR A A BSLBT Al B4, X 0] fE 5 HEv5 i
PR Ak AR PV 7 S0AH G, 78 20 2D 50 4FAR
2 80 AR, L HEG IR AL GRS AR
AV HE G BEIE, HE 20 2D 80 EARHI FH AL A
F)A GG AT . {H 20 tH2D 80 4EAC R R B
AR AR VS K ATTH B HE NAZ I I8, O gy Kok

mg/ kg

SHY Bl B2 B3 B4 BS B6 B7 BS B9 B10  B11  B12 “F¥HE TRAHM ¥RmeT
As 2011 16.01 19.59 85.74 30.21 36.99 126.12 51.54 37.61 36.27 25.95 53.64 44.16  0.98 6.4
Cd  0.07 0.20 0.37 1.38 0.81 0.60 1.64 2.4 0.42 0.57 0.42 0.87 0.77 1.07 0.39
Cr  48.59 64.05 70.68 89.08 102.78 123.06 100.70 105.82 88.21 151.79 119.57 188.00 104.26 0. 46 45
Cu  12.84 22.60 36.63 380.47 257.16 173.04 261.17 376.24 88.92 167.67 92.61 196.15 165.08 1.02 23
Pb 22.52 25.97 41.99 119.21 131.71 111.60 69.69 232.83 44.84 157.69 114.30 116.67 95.28  0.89 8.5
Hg 0.48 0.64 1.94 4.61 474 3.58 2.8 579 1.79 489 541 429 3.3 0.79 0.033
Ni 9.12 26.03 20.40 27.28 28.07 29.33 22.18 28.52 25.52 37.63 25.97 43.63 27.27 0.4l 21
Zn 185.38 199.91 689.67 1113.81393.76 658.36 938.75 688.48 579.21 663.39 677.39 671.17 623.27 0.74 119
NAP 0.8 0.25 —— 157.12 108.05 47.21 25.00 214.84 1.86 7.32 6.50 15.48 54.78 1.92 0. 47
ANY — — — — — — — 023 — 03 — 152 0.70 1.0l 0.07
ANA  — 0.10 — 1.45 0.73 267 032 0.6 — 133 — 203 126 0.79 0.08
FLU 040 — —— 1.43 0.78 3.61 0.45 0.8 —— 1.74 —— 1.75 1.51 0.79 0.10
PHE 0.70 0.30 0.23 3.03 1.20 6.76 39.80 2.76 20.58 4.44 590 2.54 7.09 2.86 0.08
ANT  0.20 0.16 0.18 4.65 2.57 3.46 20.25 67.80 5.70 13.44 13.80 5.52 11.47 2.07 0. 05
FLT 0.8 0.36 0.50 3.22 1.19 3.17 1.88 2.19 2.41 3.74 —— 3.78 202 0.84 0.72
PYR 0.55 0.25 0.35 2.29 0.85 206 1.43 1.3 1.8 2.43 6.59 3.07 1.8  1.00 0. 63
BaA*  0.43 0.29 0.22 1.73 0.92 1.23 1.06 1.8 1.42 1.62 3.99 0.68 1.30 0.93 0. 62
CHR* 0.44 0.27 0.26 1.86 0.8 1.16 1.15 0.9% 1.31 1.78 4.94 1.03 1.3¢ 1.07 0.52
BbF*  0.20 0.29 0.27 1.63 1.03 1.00 0.8 1.2 1.97 1.8 3.96 1.16 1.26  0.97 0. 50
BkF*  0.12 0.22 0.25 1.21 0.37 —— 0.74 0.40 1.20 0.77 2.07 0.42 0.70 0.95 0.73
BaP*  0.31 0.41 0.24 1.04 0.65 —— 0.47 0.8 1.42 1.33 3.12 0.67 1.05 0.95 0.51
PY* 0.19 0.19 0.15 0.20 0.46 —— 0.30 0% —— 0.96 2.16 0.63 0.65 0.96 0.21
pBA¥ @ — — — — — — 014 — — 032 — 026 0.26 0.33 0. 06
BPE  0.17 0.25 0.19 0.65 0.43 —— 0.31 0.4 —— 0.87 1.79 0.90 0.69  0.86 0.20
SPAHs 4.96 1.87 2.54 178.66 119.55 68.42 84.82 296.66 33.01 43.93 53.42 34.07 69.59 1.52 5.53
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WWHOF %, SRV TR S, sSHESEF, Hg i
Leeo P I B (5. 82), 15 Y5520 AE 4~ 6 2 [H), b
T H 7 E G YUK . HLUCh Ph( 2. 64), V5 35
WAE 1~ 5 2. JA), B4~ B6.B10~ B12 P Bt &b T H
QKo As 1 Leo FIIE R 1. 96, 75 9 FEHATE
I~ 4 Z [0, AT 32 - T V5 427K P o Cu I Lo T

5

BIEN 172, 15 PS5 0AE 0~ 4 22 [a), b1 v fh
V5 Qe /K, B4 B8 AL E Nl V5 Y. Zn. Cr. Cd
(1) KRBy s A Ak T 42 B T BV oK P Ni [ L
SR - 0. 31, Wi WIRE . 8 MEEJE L 1
B HEF M H g( 5. 82)> Pb(2. 64)> As(1.96)>
Cu(1.72)> Zn(1.63)> Cr(0.54)> Cd(- 0. 04)
> Ni(-0. 31) FIHFAE . XKW, ZHEG WKe H g
(A= ARG e K, Cd BTN i IR B /Ne H g 7
i v5 Yen] Be 5 HeG WU A LA R 2 A
K, Hg O T8 A WU LA LSS & & DR
e

Tab.5 Igeand rank of heavy metal pollution in sediment in sewage received river

TR As Cd Cr Cu Pb Hg Ni Zn

I 0o/R 1o/ R lyeo/ R I o/ R I,/ R 10/ R e/ R 10/ R
B1 1.07/2 - 3.16/0 - 0.47/0 - 1.43/0 0.82/1 3.31/4 - 1.79/0 0.05/1
B2 0.74/1 - 1.58/0 - 0.08/0 - 0.61/0 1.03/2 3.74/4 - 0.28/0 0.16/1
B3 1.03/2 - 0.67/0 0.07/1 0.09/1 1.72/2 5.34/6 - 0.63/0 1.95/2
B4 3.16/4 1.24/2 0.40/1 3.46/4 3.22/4 6.59/6 - 0.21/0 2.64/3
B5 1.65/2 0. 46/ 1 0.61/1 2.90/3 3.37/4 6.63/6 - 0.17/0 1.14/2
B6 1.95/2 0.04/1 0.87/1 2.33/3 3.13/4 6.22/6 - 0.10/0 1.88/2
B7 3.72/4 1.49/2 0.58/1 2.92/3 2.45/3 5.91/6 - 0.51/0 2.39/3
B8 2.42/3 2.09/3 0.65/1 3.45/4 4.19/5 6.91/6 - 0.14/0 1.95/2
B9 1.97/2 - 0.47/0 0.39/1 1.37/2 1.81/2 5.22/6 - 0.30/0 1.70/2
B10 1.92/2 - 0.03/0 1.17/2 2.28/3 3.63/4 6.67/6 0.26/1 1.89/2
B11 1.43/2 - 0.48/0 0.82/1 1.42/2 3.16/4 6.82/6 - 0.28/0 1.92/2
B12 2.48/3 0.57/1 1.48/2 2.51/3 3.19/4 6.48/6 0.47/1 1.91/2

2.2.2 HEASRRITFNE
SRR v S50 A4S AR TR T K R DU

HOER A2 A VST HES I 4 R 0 AR AR
PN SR 6. 8 FHEE )R B AT b He>
As> Cd> Pb> Cu> Ni> Zn> Cro. WFSTIX I+ Hg
) Er SFH){H B (4145, 78) , U Bl 7E 575 76~
7016 062 (8], ¥ 4bF Ao A A5 B g . FLRh
As A1 Cd, o B P 535 5 70. 28 F162 96, 425
DR 40 ) A 2 A A ARG 5 AR 5 2R A RS 22 )
Pb Fl Cu 1) E7 P35 5 4 58. 29 Fil 37. 42, KK
SO SIAERR B A 2 ARG 5 AR A KU 2 1] o NivZn s
Cr [f1 EL PRS0 6 42,5 22.4. 64, )@ T-1%
AR . N 2 B4 25 5 A A KR
(RI) M FERE, RIAEIEH 2 634 16~ 7523 77,
AbF- AR AR S BT, JE R He ISR AR S
R e, Kb R 7= A2 B35 S . IS TR) 49 A K
F, 8 i T4 i (0 Vs A0 A A XU 6 4 2 W I T

e 126+ EBEHE
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Ak v T At M T
2.2.3 NRMREREE
ERL/ERM.LEL/SEL A 5<% &% 35 1~ e
FERL IR SQGs VT 254 T3 7. B Cd LSk, AR
48N ERL BAR R T 60%, LEL Bz
T 80% , NIRE PRk H 4 JE T I A3 A ) L X 22 e
HEHT O T ERL Al LEL, HE4 8 i &
SIECINMER = o A EETER K He 19 ERM A
SEL #HBArx OB T 60% , il Hg 51 AR 4
VIR N A A, R B 52 B B Y5 YL IF HoAE
JRANZE DA e, 16 B PAHs AN [\ B B2 8
ERL.LEL.ERM, ANY Al ANA il SEL, X /& A
5 ERM ML, SEL bR, py# i K2 B
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M HgZn 5| A0 AF) AP M Sk A kA
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6
Tab. 6 Potential ecological risk assessment results in sediments in sewage received river
E;
KA RI
As Cd Cr Cu Pb Hg Ni Zn
B1 31.43 5.05 2.16 2.79 13.25 575.76 2.17 1.56 634. 16
B2 25.02 15.01 2.85 4.91 15.28 778.79 6.20 1. 68 849.73
B3 30. 60 28.22 3.14 7.96 24.70 2354.55 4. 86 5. 80 2459. 83
B4 133.96 105. 95 3.96 82.71 70. 12 5589. 90 6.50 9.36 6002. 46
B5 47.20 61.98 4.57 55.90 77. 47 5747. 68 6. 68 3.31 6004. 80
B6 57. 80 46. 23 5.47 37.62 65. 65 4335.35 6.98 5.53 4560. 63
B7 197. 07 126. 09 4.48 56.78 41.00 3503. 03 5.28 7.89 3941. 60
B8 80.53 191. 14 4.70 81.79 136. 96 7016. 06 6.79 5.79 7523.77
B9 58.77 32.56 3.92 19. 33 26.37 2169.70 6.08 4.87 2321.59
B10 56. 68 44.10 6.75 36. 45 92.76 5921.21 8.96 5.57 6172.48
B11 40. 54 32.35 5.31 20.13 67.24 6557. 58 6. 18 5.69 6735.03
B12 83. 81 66. 84 8.36 42. 64 68. 63 5199. 80 10. 39 5.64 5486. 10

AsHg 1€ B4BI12 ) ¥ i & 2 BB ik SEL.  ERM. SQGs 208745 B80T, 1%k W R e i 42 &
NAP.ANA.FLU.PHE.ANT 7t B4&BI2 (-3 XU =2t Hg 51 2 3805 K51k, HAR Y
P HCUE ERM, BaP 76 B11 PP Aol bR 80k 4R

7 ERL/ERM.LEL/SEL SQGs
Tab.7 ERL/ERM.LEL/SEL values and evaluation results according to sediment quality guidelin es
FRUE(H/ (mg* kgt R (%) ES N

59
ERL ERM LEL SEL ERL ERM LEL SEL ERL ERM LEL SEL
As 8.2 70 6 33 100.00  17.14  100.00  40.00  27.77 2.37  38.32 6.15
cd 1.2 9.6 0.6 10 17.14  0.00  45.71 0. 00 2.53 - 6.07 —
Cr 81 370 26 110 60.00  0.00  100.00  40.00  2.39 - 9.56 1.50
Cu e’ 270 16 110 74.29  20.00 94.29  48.57  16.80 1.24  36.83 4.50
Pb 46.7 218 31 250 71.43 8.57 82.8  5.71 7.87 0.90  12.37 0.66
Hg 0.15 0.71 0.2 2 100.00  80.00  94.29  62.86  66.33  13.23  49.50 4.05
Ni 20.9 51.6 16 75 74.29  5.71 94.29  0.00 2.17 0.28 3.14 —
Zn 150 410 120 820 85.71  57.14 9429  31.43  10.33 315 13.17 1.07
NAP 0.16 2.1 - — 7429 60.00 - —  2592.75 196.62 —— —
ANY  0.044  0.64  0.044  0.64 8.57 2.86 8.57 2.86 33.77 .39 33.77 1.39
ANA  0.016 0.5 0.016 0.5 42.86  34.29  42.8  34.29 255.88  7.22  255.88 7.22
FLU  0.019  0.54 0.19 160 42.86  31.43 428  0.00  269.53  8.52  26.05 —
PHE 0.24 1.5 0.56 %0 85.71  54.29 7.4 0.00  487.83  77.21  208.50 —
ANT  0.0853 1.1 0.22 370 77.14  51.43  65.71 0.00  1412.48 108.61 547.05 —
FLT 0.6 5.1 0.75 1020 68.57 8.57 68.57  0.00 9.90 0.28 7.72 —
PYR  0.665 2.6 0.49 850 68.57 2571  77.14  0.00 9.90 .79 13.80 —
BaA* 0.261 1.6 0.32 1480  71.43  17.14  68.57  0.00 17.39 2,00  14.00 —
CHR*  0.384 2.8 0.34 460 68.57  11.43  68.57  0.00 15.33 1.24  17.44 —
BbF* _ _ [—— _ _ _ _ E— _ _ _ _
BkF* — — 0.24 1340 — — 5429 0.00 — — 10. 42 —
BaP* 0.43 1.6 0.37 1440 4571  11.43 5183 0. 00 8.79 1.63  10.38 —
IPY* — - 0.2 20 - — 40,00  0.00 - — 1175 —
DBA*  0.0634  0.26 0. 06 130 11.43 5.71 11.43 0. 00 4.36 0.31 4.67 —
BPE — - 0.17 20 - — 5429  0.00 - —  14.59 —
SPAHs 4.022  44.792 4.0 10000  80.00  42.86  80.00  0.00  110.46  9.01  111.08 —
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2.2.4 IWMERLEK

LA LI Tew PERILSQGs =R vk, 455 1y
BN Hg & B ZE IR R 7, — 5 T A2 R He 1)
TS AHIRAG, 53— 77 T2 R S0 etk R,
JE Ni ¥ 8 fi%, Cr 1 20 1.

Leo MTPERI /1 8 FEE 428 142 25 RS2 )
HEEAE, X AEEN B HANE T R X, b5
4 R IR R A BEIE R A%, LR Tueo (R 7
girh Cd kb T 7 6, TAE B 85590 Cd 4 T4 3
fi. PERIFHJET Cd AWtk 208, HIL AW
PER BN, KT Hg, B HHE PR B/

Pi%£ SQGs( ERL/ERM F1 LEL/SEL) [¥) 45 &
PR O %k v TR e T 22 BE 5 R iy A O
ERL fl LEL, 23 3548 B4 FFUR SR Ve 25 | 3%
W), 75 BT I A R E AT OGS

3

(1) ZHEG R Y 8 FhE 4 JE L 16 Fl 2385
S NEIFEEcT 2RV IRAR/IN ALY/ BN B [ I g
YU AE Wi T T B4 W B7. B8\ B12 [ R B 2 B i
i, 4 3 UL 2 R e 2 A v F I T B 1.

(2) Lo VP 45 FE 2R, AN [F) 4 i V5 G P2 4%
Lo MKE /N4 Hg> Pb> As> Cu> Zn> Cr> Cd
> Ni. PERI Z55L 7R, & B )8 AL XU fE 5 4K IR
JHg> As> Cd> Pb> Cu> Ni> Zn> Cr, PFiFf VP45
FHEIR He A SRR &, IRV I LA He 4
T2 E S 8 2 AT R R, SQGs TR &5 R 2
N, BEE & 2T IR AR R R 1Y ERLLLEL,
Wi V5 ) C28 THAE XTI Y™ AEAN R

(3) ZHEGWEJR h Hg (RS 7K T3z i T 5
CILE, MR TN AESEHEN EER R, &
A DX AE 2SR5 (1 30 B MR T RE R, R O
T Hg SHE SR B .,
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