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Contaminated sediment can be treated in order to reuse the treated sediment. Even though the chemical criteria are
satisfied, the treated sediment could still impose toxic effects. Therefore, this study investigated the changes in the
ecological toxic effects of the contaminated sediment from the J region in Singapore after treatment. The contaminated
sediment was subject to sequential soil washing and thermal treatment, followed by pH neutralization. Toxic effects of
the contaminated and treated sediments were determined by using Vibrio fischeri (Microtox®), Triticum aestivum
(wheat), and Eisenia foetida (earthworm). After treatment, the concentrations of total petroleum hydrocarbons and
heavy metals were decreased by 98% and 59-93%, respectively, and satisfied the Industrial Maximum Values of the
Dutch Standard, which were used as the remedial goal. The bioluminescence reduction of V. fischeri decreased
significantly, and the earthworm survival increased from 0% to 90% after treatment. The germination rate increased
from 0+ 0% to 75+ 13% after treatment, but the treated sediment may need additional treatment such as nutrient
addition for better plant growth. Overall, this study showed that the treatment of the contaminated sediment
satisfactorily removed mixed contaminants, and this led to reduction in toxic effects, suggesting improved potentials for

reuse of the treated sediment.
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ex situ A3} 7]&o] AT EE Holtk(Peng et al., 2009).
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E2o] AA} dHgle]l o w2 54 9% K+
2 H(Elgh-Dalgren et al, 2009; Im et al, 2015; Jho
et al, 2015). dl& E°], TRPIIEESG2 (Polycyclic
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A EL] FAo] AFelA] &2 Ede] FART Hh
(Elgh-Dalgren et al., 2009). W2t F= 78F 7|5
Eehe H3lE e A EYA T g3 Ve A
|0 il =54 dao] vehd o+ Utk sAlRF FkE
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A= 71¥S AAISEL ATHMinistry of Oceans and
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Oceans and Fisheries, 2013b). T3t = HEF sk o7F
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3 9= 4= AckZeb et al., 2017).
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(Vidonish et al., 2016). Wb & A= AVlE=
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Table 1. Concentrations (mg kg™') of heavy metals and total petroleum hydrocarbons (TPH) in the contaminated and treated sediment
samples with the Industrial Maximal Values of the Netherlands’ Soil Quality Decree

Samples Cd Cu As Pb Cr Zn Ni TPH
Contaminated 62+28 1,742 £ 208 72+24 210£30 196 £ 11 2,430+313 1145 9,283 +1,832
Treated 1.2+£0.8 130+ 53 30+9 41+23 42+9 171 £ 68 22+7 206 £41
Industrial Maximal Values 43 190 76 530 180 720 100 500

Note: The detection limits of Cd, Cu, Pb, As, Zn, Ni, and Cr were 0.04, 0.06, 0.18, 0.15, 0.07, 0.17, and 0.04 mg kg™, respectively. The con-

centrations are from a single measurement.
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Table 2. Physicochemical properties of the contaminated and treated sediment samples

Samples pH Organic carbon (%) Particle size distribution
Contaminated 6.29 £0.01 4.1+0.0 1.8% clay, 59% sand, 39% silt
Treated 6.97 +0.03 0.57£0.01 1.8% clay, 56% sand, 43% silt
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Fig. 1. Changes in toxic effects on Vibrio fischeri after treatment of the contaminated sediment (a) toxicity after 5 min exposure, (b)
toxicity after 15 min exposure, (c) toxicity after 30 min exposure, and (d) toxicity after 60 min exposure. Triplicate samples were used for

(a) and for the treated sediment in (c) and (d).
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Table 3. Toxic effects of contaminated and treated sediment samples on Vibrio fischeri in effective concentration 50 (EC50)

Exposure period (min)

EC50 (g L™") of contaminated sediment

EC 50 (g L™!) of treated sediment

5 1.7£0.73
15 0.85+0.031
30 0.61£0.079
60 0.34+0.13

17+4.7
8.4+0.98
7.0+£7.0
7.8+9.9

Table 4. Toxic effects of contaminated and treated sediment samples on Triticum aestivum (wheat) and Eisenia foetida (earthworm)

Contaminated sediment

Treated sediment

Photos
Seed germination (%) 0£0
Shoot length (cm) 0£0

Earthworm mortality (%)

100£0

75+13
47+71

10+ 14
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