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Screening-Level Ecological Risk Assessment for Beneficial Reuse
as Soil of Dredged Sediment Contaminated with Heavy Metals

=
7EIIT'__O

= —t
3 Yy - 58 - gEy

Moonkyung Kim - Kibeum Kim - Yongju Choi - Kyoungphile Nam"

Algti et - 874 F8h

Department of Civil and Environmental Engineering, Seoul National University

(Received November 16, 2015; Revised January 12, 2016; Accepted March 31, 2016)

Abstract : This study conducted a screening-level ecological risk assessment for heavy metals in dredged sediment for recycling
in terrestrial environment. Toxicological information of six heavy metals (i.e., Cu, Zn, Cd, Pb, Cr, and Ni) was collected from
ECOTOX of US Environmental Protection Agency, and screened and qualified for the use in the screening-level ecological risk
assessment. According to the number of terrestrial ecological receptors for which toxicological information is available, PNEC
(Predicted No Effect Concentration) of each heavy metal was derived using either stochastic approach (for Cu, Zn, and Cd), or
deterministic approach (for Pb, Cr, and Ni). Hazard quotients of the six heavy metals were derived for a field-collected dredged
sediment using the PNEC derived and the PEC (Predicted Environmental Concentration) determined for the dredged sediment. The
HQs of Cu, Zn, Cr, Pb and Ni were higher than unity indicating a possibility of ecological risk of the five heavy metals when
the dredged sediment is applied in terrestrial environment. Accordingly, remediation processes or a higher-level ecological risk

assessment would be needed for the recycling of the material.
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Table 2. Assessment factor method for the derivation of HCsg
and HCs'"

Derivation of HCso

Conta-

Quality of data Derivation methodology

Minimum of Geometric mean of
L.Cs0)/10 and calculated
concentration using EqP*

Short-term toxicity test (s)

Minimum of NOEC, geometric
NOEC (or EC+() for one long-term  mean of acute toxicity value/10
toxicity test and calculated concentration
using EqP*

NOEC (or EC10) for additional
long-term toxicity tests of two
trophic levels

Geometric mean of NOECs

NOEC for at least 4 long-term
toxicity tests (distribution of NOECs
is log-normal distribution)

Mean of log-normal distribution
using NOECs

NOEC for at least 4 long-term
toxicity tests (distribution of NOECs
is not log-normal distribution)

Geometric mean of NOECs

minants Trophic level Values  Species
Plant/Invertebrate/
CU Microbe/Wid animals 10418 1120
Plant/Invertebrate/
Zn Microbe/Wild animals 10,429 1,134
Collected
Plant/Invertebrate/
toxicological  Cd 1o opewid animals 2087 198
data before
qualification  Pp Plant/Invertebrate/ o7 g5
process Microbe/Wild animals
Plant/Invertebrate/
C Microbe/Wild animals | 81
) Plant/Invertebrate/
N Microbe/Wild animals 658 68
Cu Plant/Invertebrate 23 19
Collected Zn Plant/Invertebrate 16 13
toxicological g Plant/Invertebrate 14 12
data after
qualification Pb Plant/Invertebrate 7 7
process Cr Plant/Invertebrate 2 2
Ni Plant/Invertebrate 7 5

Derivation of HCs

Quality of data Derivation methodology

Calculated concentration using
EqP*

Minimum of LC50/1000

No data

Short-term toxicity test (s)
NOEC (or EC1) for one
long-term toxicity test

NOEC (or EC+() for additional long- Minimum of NOEG (or EC10)/50
term toxicity tests of two trophic levels

NOEC (or EC1o) for 3-9 long-term
toxicity tests of three trophic levels

NOEC (or EC10)/100

Minimum of NOEC (or EC+0)/10

* Equilibrium partitioning method
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Table 4. Calculated PNEC using HCs, HCso values derived by

either species sensitivity distributions (for Cu, Zn, and
Cd) or assessment factor method (for Pb, Cr, and

Ni)'" (unit : mg/kg)
Cu Zn Cd Pb Cr Ni
Hazardous concentration
protecting 95% of eco- 140 595 15 48 33 112
logical receptors (HCs)
Hazardous concentrations
protecting 50% of eco- 1125 1771 181 4844 2290 1250
logical receptors (HCso)
397 1027 52 375 275 375

(UF: 1-5)

Table 3. Screening-level ecological risk assessment for dredged sediment collected from Ulsan Jangsaengpo Harbor  (unit : mg/kg)
Cu Zn Cd Pb Cr Ni
Beneficial reuse of dredged soil (Ministry of Oceans and Fisheroes) 60 2477 155 62 134 46
Zone 1 150 300 4 200 5 100
Worrlsomg level of cqntamlnated soil Zone 2 500 600 10 400 15 200
(Ministry of environment)
Zone 3 2,000 2,000 60 700 40 500
_ . Zone 1 450 900 12 600 15 300
Countermeasgrle standardlof contaminated soil Zone 2 1,500 1,800 20 1.200 45 600
(Ministry of environment)
Zone 3 6,000 5,000 180 2,100 120 1,500
PEC (Predicted Environmental Concentration) 2003 1,673.7 19 786 1082 480
PNEC (Predicted No Effect Concentration) (UF: 1-5) 178-397 459-1027 23-52 16.7-375 123-275 167-375
HQ (Hazard Quotient) (UF: 1-5) 505-113 163-3656 037-083 210-471 375-840 128287
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Fig. 1. Species sensitivity distributions of (a) Cu, (b) Zn and (c)
Cd for the derivation of HCs and HCsp,

A 4=gA o ) so] = sk A S
o7 5§ Ee} @Y AHZHEY FE vnE B9 ¥
e k241 UUF =59 39) 6-4% =8 ojet 3
QT (UF =19 Z29)o) 4% Cu, Zn, Cr, Pb, Ni2] HQ7} 1
o Zapstel A9l HE7} 24 4 e Hsae g
sgom, E35 Zne HQ7} 16.30-36.460.8 714 =of =

HE | 20| o= }\uEHsm ola| 7l A o] Abgsl Ao
2 H71E QY Pbe AL 2LYGs=7) 78.6 mg/kgoi E
Jeod +H7|Ed 200 mg/kgRth ol HdY 7|&£2 Tl
st oL, eSS 3] 85x2l 16.7-37.5 mgkgS
;]-oq A EAsH oz & nja & Je 7154

OISFATHHQ: 2.10-4.71). Ni E3F EQFe g H7|ER
100 mgkg 514 grol A 7122 wEsht, Je %

F

lt

Jiﬁ J:i
Y

re

AetA &gx=2l 16.7-37.5 mgkgS 5l A=
7} ZAE 7S lolsttHHQ: 1.28-2.87) (Table 3).
o|e} Zro] Efed eI & Aol =& AH=
B B gBEE Aolsn, tety A 7188 Wl
ShE AR A2E A SAAE A A5 AT 93
SN Sevl 2T b FE4 o9 2AE
54 el GETEY A9 AT B AR 2
= feiMe EFeH Se7Ied) tEe] 2 AtelA Al
oF v} 2 screening level®] AJE = H71= HQ
Ao AR, olo] weh fojat AejeisEsl W
o= F7H e s Hop Adst Aeielsid B7Hs AAl
sto] A&-ES 17t oAl AA o] Rtgstoiop & Zlojh

25 UE

L for mj

il m?L'
S~

FN

B
Aoli= T4 28 SRS 4 33 /=1
$]3}Fo] screening-level 2] AYE = H71E 343}
AW A 2 AR BEor Sy AEFol et 3
235l7] ofele AlAolma, US EPAS ECOTOXS}
g 23102 HE 629 £24(Cu, Zn, Cd, Pb, Cr, Ni)
gt SRS AL A4 SEE] tt 544
Ne Sofl B2 2 =E53 S5 AuHsdE ¢
Z(PNEC)E AASHE 2 A5t A zﬂo}% e =
585t THEA AP 9 S87|ES AHE-Sto]
Azl AHFT 2R A =E B
Pbo} Nio] ¢ B Y $27]Ee WEsit AE
Z7F & 7HeAdol ElE AT CdS AQRt e 5
o] e flel=rt R 15 W6t Aoz e 8
THEY FRZES oM E EYed SHVleE 2
Skl Z18} FAlol Hok AUt e eisid BrtE ®
F3E B 59 wEAHCl Tad Zolth

to e
L ¥R g

L oo
fr

o2

>

AT £

Lo % o
o oo &
el

I &

fF & oft ol do Y Mo ox oo MU 2

i

Acknowledgement

B ATL AR BRI @A 1S EARIGALA)
L ERCERERERERIRTE

KSEE

References

1. Kim, S. G,
neficial reuse of marine dredged sediment,”

“Eco-friendly remediation technologies for be-

Korean Environ-
mental Dredging Society, Ansan, Korea(2011).

2. Yoon, G. L., Lee, S. H., Shim, J. Y., Oh, M. H. and Kim,
S. B,
in Korea,”

“Considering Beneficial Reuse of Dredged Materials
The Magazine of the Korean Society of Civil

Journal of KSEE | Vol.38, No.5 | May, 2016



=
0

J. Korean Soc. Environ, Eng.

4 oo FuEo| EYozAo| REUSS YT HHSE MejSl=E}

Engineers, Seoul, Korea(2015).

MOF, “Research of Development of assessment system for
Ocean dumping of dredged sediment,” Ministry of Oceans
and Fisheroes, pp. 150~168(2003).

Yoon, G. L. and Kim, H. S., “Use of Dredged Materials,”
Seoul, Korea. CIR(2011).

Samantha, F., “Soil screening values for use in UK ecolo-
gical risk assessment,” Office of Soil Quality and Protection.
Bristol(2004).

Hope, B. K., “An Estimation of Ecological Risk Assessment
and Management Practices,” Environ. Int., 32(8), 983~995
(2006).

Junhong, B., Baoshan, C., Bin, C., Kejiang, Z., Wei, D.,
Haifeng, G. and Rong, X., “Spatial Distribution and Ecolo-
gical Risk Assessment of Heavy Metals in Surface Sediments
from a Typical Plateau Lake Wetland, China,” Ecol. Model-
ling, 222(2), 301~306(2011).

US EPA 3051A, “Method 3051a: Microwave assisted acid
dissolution of sediments, sludges, soils, and oils,” 2nd ed.
Washington (DC), U.S. Gov. Print. Office(1997).

US EPA, “ECOTOX User Guide: ECOTOXicology Database

12.

13.

14.

System,” Version 4.0., Available: http:/www.epa.gov/ecotox/
(2014).

. CCME, “A protocol for the derivation of environmental

and human health soil quality guidelines,” Canadian Council
of Ministers of the Environment, ISBN-10 1-896997-45-7,
Winnipeg, Manitoba, Canada(2006).

. RIVM, “Guidance for the derivation of environmental risk

limits within the framework of ‘International and national
environmental quality standards for substances in the Nether-
lands’,” National Institute for Public Health and the Environ-
ment, Directorate for Chemicals, Waste and Radiation, Bil-
thoven(2007).

Posthuma, L., Suter, W. G. and Traas, P. T., “Species Sen-
sitivity Distribution in Ecotoxicology,” CRC Press(2002).
Swartjes, F. A., Rutgers, J. P. A., Janssen, P. J. C. M., Otte,
P. F., Wintersen, A., Brand, E. and Posthuma, L., “State of
the art of contaminated site management in The Netherlands:
Policy framework and risk assessment tools,” Sci. Total En-
viron., pp. 427~428(2012).

MOF, “Criteria of beneficial reuse and remediation for dred-
ged sediment,” Ministry of Oceans and Fisheroes, p. 31(2007).

CHEHEZ 2 atE|x| | ®|38A M55 20164 52 ||



