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Comparison of ecological risk assessment of heavy metals in dredged

sediment treated by different methods
Ma Tao?, Song Jiangmin®?, Liu Qunqun®?, Sheng Yanging®*
(1. Yantai Institute of Coastal Zone Research, CAS, Yantai 264003, China; 2. University of

Chinese Academy of Sciences, Beijing 100049, China)
Abstract: Taking the sediment disposal demonstration project of Yihe River in Shandong
Province as an example, the ecological risks of sediment after three years of geo-textile tube
landfill and reduction disposal were tracked to explore the effects of different disposal methods on
the safety of heavy metals in sediments. The total concentrations and geochemical fractions of Cr,
As, Zn, Cu, Cd, Pb, and Hg in sediments under the two disposal methods were analyzed,
meanwhile, their ecological risks and environmental safety were assessed by leaching toxicity
method, risk assessment code (RAC), and potential ecological risk index method (PERI). The
obtained results showed total concentrations of As, Cd, and Hg in sediments from two different
disposal sites exceeded the risk screening value of the Soil Environmental Quality Risk Control

Standard for Soil Contamination of Agricultural Land (GB 15618-2018). The geochemical
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fraction distribution of Zn and Hg in the sediments of the two sites was quite different, and the
difference was mainly related to the differences of two disposal methods. The leaching toxicity
test showed that the leaching toxicity of Cr, As, and Cu in geo-textile tube landfill was higher than
that in reduction disposal, while that of Zn was contrary. According to the results of leaching
toxicity, RAC, and PERI, the ecological risk of geo-textile tube landfill was relatively higher. In
order to maximize the environmental and economic benefits, it is necessary to weigh all aspects of

factors when choosing which way to treat the dredged sediments.

Key words: dredging; sediment; heavy metal; ecological risk; geo-textile tube landfill; reduction
disposal
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Fig.1 Technology roadmaps of two different sediment disposal
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Fig. 2 The sampling locations of sediments
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Table 1 Sequential extraction scheme of the modified BCR method

T FRAFH s 353
F1 40 mL 0.11 mol/L Z.ER¥A W 25°C MEIRIRY 16h, 3000g T &> 20min
F2 40 mL 0.5 mol/L NH,OH-HCI ¥ 25°C MEIRIRY 16h, 3000g T &> 20min

1) 10 mL H,0,, 1) 25°C M4 1h J5, 852°CK¥A#kY; 1h
F3 2) 10 mL H,0,, 2) 85°C FEIRHRY 1L h

3) 50 mL1.0 mol/L NH4AC i& 3) 25°C MMEIR#EE &R, 3000g T &L 20min
F4 HNO3-HF-HCIO, (7: 4: 1, viv) AR T A

DU Cd. Cr. Cu. Zn. Pb Al As B ENE B ik 5RES (R D —F, &
PRIBFATH i+ B 4 R B FH B & 56 & TRk {. (ICP-MS, ELAN DRC 11 B, 3%
) W5 o Hg SR H2S0s-HNOs-KoCrO7 i HEA T fift, T AR F IR 19 6t (X (AFS930,
e R HE Tt

S o B A3 AR At . W e R A R BT A SR LA P 5% IR 24 he
SIEIEE T ' E XA B KRV E S B SRS BCR-701 i, HEIE N
90.19%~112.3%; HE <)@ 5 M E R /K RV RS 73 HdnEY) BT (GBW 07311) AT
i, FH RN 97.2%~109.4% .
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GBSV AN 45-EWEiE BRI 1 45 5 B AR 859, BT S A0 2%
PR, RSN gafidi: (RAC) BIETHE F1 A& & b S 10 Le ISk PR TR v 26 4 11
ARG, BE S S S W HY 2 T < AR USRS . RAC H i B v DA E AR5 XU
TRCR, RAC 5 Jibri Rl oy W3k 204,

1.4.3 BEESKKETEERE

TEIEA S R R H0%: (PERD 2 1 Hakanson™®1F- 1980 4R Y 1) 5 4 J& Vg Y K XU LA
Jiike LA RE TR TR EERMIS. S8, BT BN E SR R
DA S 2 i) 2 S 1k S 5 T RO i DR 2, TR T4 V2 P - DU v B 4 (A 8 7 A S U VAN 2
W HAHE AR

PERI =Y E, =3 T/C, =3 T/(C,/C))
Arb: PERINFTH B4 RS TEAES KRB AR, e VBN E SRS EXRIREL C)
N S E AR SEMRE (mglkg) , C! MR ELBIAET SME (mg/kg)
AWFFE AL ARE LRTRE SED 1 R e EE R R T, R SR R

ERZRMARE, Cro As. Zn, Cu. Cd. Pb il Hg T, {4 € % 2.0 10.0. 1.0, 5.0,
30.0. 5.0 1 40.001, PERI yHHZEHf 52 KUK F 8 AR kRS €045 T — R ML (PCBs) , AL
IERTC 7 FheE 48 BV R A0 R PAR,  BISR A T eScad y RUR I 3 S5 2 B, itk ) A
PERI 1) XU S5 2011 43 i 2 i

R 2 RSP G iy RN 78 A 25 XU 48 205 2 kil o3
Table 2 Classification of RAC and PERI
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RAC fii R 25 2% El# MB%%  PERIH B EE
<1% oA Er<<40 B RI<<100 B
1%~10% IR 40<Er<80 rh &g 100<RI<<200  Hi4%
11%~30% rp S R 80<Er< 160 G 200<RI<<400 5%

30%~50% e R 160<Er<<320 1R 3% RI>400 1R
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T A ) i IR E SR S RS S RV TR 3. 12 T th, K& FaEM
mEREAKCN: As>Zn>Cr>Cu>Ph>Hg>Cd; 7 J 37k, HEFIFN: Zn>Cr>As>Cu
>Pb>Cd>Hg. *Ttt T 1 J St I GIRRY R 7 M E SR P08 E, B Cush, M
MNP E S B IRE G ESR . K, I35 Cr. Zn, Cd F1 Pb ¥E T T i, BT
RAbE 2 BRI E 4 & S AH R, BT DA X o 22 5 9 = 2 i DR A2 7 /1 3 M SE S U AR )
(IR T R AW REN, RREKARBRL B 4B L A e IARR, RN Bkt &
&R 45 BE T W B R TR RO R T ek e Ak B R v 5 X U A A TR E O
P ORI R AR /N T A SR A B i R A TR A TR 0 X
S I Cry Zn. Cd 1 Po BT T 3gMb. 110 As Al Hg I 3 HHAH I a3, X 35
el T As Ml Hg FIRAA S USRS ANE (R4, W21 Hg f1 As DL e T 547
TEFBRIRL A 0 s 4 ZE AT DR I 2 I R rp, KR40I Hg AT As Bl KA
KR ls, MMEUE T it As Al Hg IR EE =T J 3.

ME 3 AT, BB N RY E SR &R R R sl e,
T2 SKAE AU Asy J1 SRAFE S Cd Rl T2 SRAE S Hy & &2 B XS BT 56{H 1 50.8. 23.94.
58.5 fif. 5 (MBI AR A Hh L T XS B bR (GB 15618—2018) ) D8I XUK:
TEIEMEAHEL, T RN TR As & il KBS e E 11.6 £, RS E IR T A B RS
TR J TR Cry As. Zn. Cd. Hg P38 84 Bt XU i e 4 0.2, 5.2 0.6
%, HRBELSBKT XBIHEE. XRHITRY 5 E SR 20 ARSI IE e .

® 3 PR E T AN TR R S

Table 3 Total concentrations of heavy metal in sediments in two disposal sites ~ #.47.: mg/kg

Cr As Zn Cu Cd Pb Hg

T1 51.06 441.09 194.26 67.56 0.80 39.30 1.28

T 116.91 44512 224.78 79.26 0.98 4225 1.85

T3 157.64 61.81 171.88 95.28 1.10 35.83 0.53
) {E 108.53 316.01 196.97 80.70 0.96 39.13 1.22

i 246.81 170.63 307.28 66.52 3.29 28.54 1.21

32 278.07 170.23 465.81 102.48 1.72 103.49 0.31

33 210.87 121.61 416.30 59.50 0.83 31.74 0.20
FEME 245.25 154.16 396.46 76.16 1.95 54,59 0.57
LB R AE 62.0 8.6 63.3 22.6 0.13 236 0.03
IR 6 1 200 25 250 100 3.0 120 0.6
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0, UL E B AR IR, — A v A A IR B R Al /N B 1

PR E 5 TR E SRS Ak 4 s . [F—4 B35 A FERAE S E 4
JETEA AT KR F, (HIELHE GBS —EEZS (T g Cr. J A Ph F1
Cd) , XWfgAHTIEAE SR RA A S G . @3k — 5% Lk A~ E I 37
HEEJBHIEAS G, ATLARIL, Cr. As. Cu. Pb Al Cd HITEA /A £ WG Ak B 5 K S AH
B, CriFEEANFIE 554%) , MHREEBERRAESHNFAE (556%) . 117
iy Zn [ F4 & G thimE T T g, XEEEMATAYAE RS HEES R T B SRR/
FLIAR 45 A1, AL B I R TP 1) 2 R R X S AR 2 B BRI T AR S I B R
M FE Zn BT RIAAS F4 S GBS . M, I3 Hg 19 F2 & & & S ERT T
Wb, T F3 & GG, X R BRI E G B A VU R B UTE, WTRefRE T FL.
F2 &0 F3 &AL, tah, EE S Pb Ml As (1) F3 & G LL A RN, 25k, RAL
B FE— e E i iRy 4 B85 1.

® 4 PIAPAE AL B 7 RO R AR TR 2 AT
Table 4 Fraction distribution of heavy metals in sediments of the different disposal site
HA7: mg/kg

N ZH1% Cr As Zn Cu cd Pb Hg
FHME 1.06 1.77 12.69 0.17 0.01 0.14 0
F i Ee s 1.16 1.18 6.92 0.21 0.98 0.36 0
FHME 14.06 2.51 69.18 10.23 0.28 11.95 0
F2 i Ee s 18.72 1.12 35.32 12.43 28.47 30.94 0
T /
FIME 67.47 1.96 19.21 18.89 0.05 4.92 0.13
ks i Ee s 54.70 1.93 9.54 22.30 5.27 12.54 15.25
R 25.85 309.68 95.86 51.28 0.62 22.13 1.09
4 i A M 25.32 95.71 48.20 64.90 65.14 56.16 84.42
FHME 0.70 0.58 22.56 0.17 0.06 0.03 0
H i Ee s 0.28 0.38 6.10 0.23 422 0.10 0
SR 16.92 3.96 68.13 3.07 0.25 8.11 0
F2 5 HLEE 7.18 2.72 17.05 471 19.50 20.92 0
J ot
SR 170.93 4.67 26.90 23.40 0.07 10.24 0.14
s i HE 69.50 2.91 6.70 31.00 4.60 22.29 34.16
FHME 56.63 144.87 278.80 49.43 157 36.20 0.43
4 i HE 23.01 93.93 70.12 63.93 71.60 56.68 65.42
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2.3.1 BHEM XSS

PIFPA AL E T T ESRR IR NR 5. F—HHA, T AT %H Cu. As
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M HA Ph A1 Cd T BRI BERI AR AFIpHE], T Ayt Cr A1 Cu
FFERR R IR T 0 3t, 10 Zn PP BRR IR AR T I i, HRE R M-T iR
MR HEA —F . KBRS A TRV E SRS AEAa R, | 4 /A,
I Cr i FL SR T Tk, Zn 19 FLERE S T T 38, AW fPER 1 seie o
MR AIK, HRBHNESBESTEEN FLE, ARESRN F1 S5 EFEER

(R 4), NIM-SFEAFE G BRI AR TR R nli, PI DI F1 S Cu iRkE—#,
(ERHIRFER A LI —E Z 7. XRE N FL SE SR IFAMUNA S KITESERE,
WEE TR GHEGEI, 2l ARR T NEE R, XHEMIEEN RS
XFEUBI AT RERZE 1AL, AT 3 EP N33t Cu IR IR EEAFAE 2 57

R 5 WAL E T T UUR B R IR IR

Table 5 Leaching concentrations of heavy metals in sediments of two disposal sites  #.£7: mg/L

Cr As Zn Cu Cd Pb Hg
T1 0.0947 0.0938 0.0198 0.1336 0.0012 0.0005 0.00025
T2 0.1004 0.0940 0.0309 0.1122 0.0014 0.0005 0.00018
T3 0.0802 0.0890 0.0617 0.1157 0.0016 0.0010 0.00027
Fiy 0.0918 0.0923 0.0375 0.1205 0.0014 0.0007 0.00023
J1 0.0779 0.0731 0.0992 0.0940 0.0016 0.0006 0.00028
J2 0.0976 0.1355 0.1082 0.1351 0.0025 0.0010 0.00019
J3 0.0339 0.0461 0.0370 0.0564 0.0007 0.0005 0.00018
Fi 0.0698 0.0849 0.0814 0.0951 0.0016 0.0007 0.00022

2.3.2 NP grigis

PIFALE T PR E &R 1 RAC PPN S5 R WIER 6 Fis. 75 T N, RAC fEMK
F/MKR RN Zn>As>Cr>Cd>Pb>Cu>Hg. £ J N, RAC M KEI/IMKIK AN Zn>Cd
>As>Cr>Cu>Hg>Pb. i RAC XL K 7, WA TR+ Cu. Pb 1 Hg
BITERARKE; Cr F1 As 43 BIFE Ty T3 SRAE AU AR, FLARRFE ST R Zn 75
T3 KA AT A, FEARATERAFE s TR RS Cd 78 J 7t Py AR AL R T 3
P T3 KAE A TAR K, HAR TR . 46KE, TIHHAELE Cre As. Zn 1 Cd 1)
ZHEAFIAESRAK, H Zn b TSR EGFEE; I3t A Zn 1 Cd FAE(RAE, HapH
SR TS IR E AN EA TR E SR A RAC G R B, T i K E4JE

(B Cd A1) BRI E T i, AR ERR 2 A B4 B S U TR E 4R AR S X
AR -

6 WAL E T7 AN YRR E 5 R T G ik (R T 2
Table 6 Evaluation results of the risk assessment of heavy metals in sediments by RAC under two
disposal methods

Cr As Zn Cu Cd Pb Hg
T1 1.92% 0.17% 4.14% 0.12% 0.34% 0.29% 0.15%
T2 0.67% 0.64% 2.71% 0.37% 0.41% 0.38% 0.09%
T3 0.90% 2.71% 13.93% 0.15% 2.18% 0.40% 0.30%

Fi 1.16% 1.18% 6.92% 0.21% 0.98% 0.36% 0.18%




J1 0.42% 0.21% 9.26% 0.31% 2.62% 0.09% 0.10%

J2 0.21% 0.47% 3.08% 0.15% 1.35% 0.02% 0.17%
J3 0.23% 0.48% 5.98% 0.24% 8.68% 0.19% 0.24%
Ty 0.28% 0.38% 6.10% 0.23% 4.22% 0.10% 0.17%

2.3.3 WIEAS NSRS
PERI &% IE T BEE BN & B, SEERMEEHFMERER. Fit, ARE
K PERI Y50 AN MU AR ) B 4 SR 4 &5 AR S R HEAT YN . 6 7 R B 5 R

DU RE (K A G R B AEAE S KRB (B D R G 8 (M 455 T 7E AL 25 KR FE 4

(PERD MIGit45 R, T e MM R, WRUIBYAAE T UF As 71 Cd IIBTEASfE

FFE I A AL TR SR B SR K T 22 18] (B3 T3 ) As) , Hg M43 4bF 58K F, T Cry Zn.
Cu F1 Pb $4bFRMK . AN, T A I 37T A AL 55 1) PERI H14>400, RIFXHAN
M AR AR R 1 G 3 B R SRR I AR AR A s (HJE, I LR BB TR A SR
KB RART T i

R T PR ALE T T DAY R v R AR A XU i A
Table 7 Potential risk index of heavy metals in sediments of two disposal sites

E r
PERI
Cr As Zn Cu Cd Pb Hg
T1 1.65 512.89 3.07 14.95 182.35 8.33 1645.36 2368.59
T2 3.77 517.58 3.55 17.53 223.27 8.95 2382.03 3156.69
T3 5.09 71.87 2.72 21.08 249.68 7.59 692.22 1050.25
Fi 3.50 367.45 3.11 17.85 218.43 8.29 1573.20 2191.85
J1 7.96 198.41 4.85 14.72 748.10 6.05 1564.78 2544.86
J2 8.97 197.94 7.36 22.67 391.58 21.93 397.76 1048.20
J3 6.80 141.40 6.58 13.16 188.62 6.72 255.82 619.11
Fi 791 179.25 6.26 16.85 442.77 11.57 739.45 1404.06

2.3.4 PIFAF BT X T UURYIE SR 8 XUR PR X L

X RAC JEAT PERI 5 THSLAT 2 P Al AS 7] Ak B 05 38R O < Je ) 2B 25 U
PSR PR BV 25 R 5 AT BUR I, 3 I3 ORI K 70 B < s A 4 i 2R 25 U 4 W R A
T T i, XU G+ T AR B AL B TR B < A A XU 32 i T R bR A B vk
B IR AR S R B U 20 ek B IO O 0 Ak B B O 5 BR AR B o AL B R ) 3
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