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ABSTRACT

Soil pollution has been recognized as a serious problem because it causes groundwater pollution through medium contacts.
Although concentration of individual chemical could be more easily measured by physico-chemical analysis, it is not easy
to consider the bioavailability of edaphic receptors living in soil or groundwater. To measure the toxicity of soil, the soil
extracts (soil elutriates or soil suspensions in the other words) are often used due to the difficulties of extracting soil pore
water. In this study, we reviewed 15 toxicity test methods found in literature to analyze the detail of each extraction
method and to recommend the most frequently used extraction methods. The identified most commonly used extraction
methods are as following: The 1 :4 soil:water ratio, 24 hours shaking time, room temperature, dark, and separation of

supernatant using a 0.45 um pore size filter.
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Table 1. Ecotoxicity test methods utilized soil pore water without adding additional liquids from literature review

References  Cook et al. (2002) Maderova et al. (2011) Tiensing et al. (2001) Romkens et al. (1999)
Pseudokirchneriella
Test subcapitaa, Pseudomq— Pseudomonas L . . o
species 1S Sfluorescens, Lumbri- fuorescens Escherichia coli Agrostis capillaris
P cus terrestris, lettuce,
and millet
Te.st Hydrocarbor}, metal, ?md Cu Zn and Cd Cu-contaminate sites
chemicals salt-contaminated sites
Suction Suction Suction Centrifuge Centrifuge
* Leaching apparatus . .
consisted of a 12 inch * 150 £ 0.1 g dried soil ?Vzlsn;zzr:(l;s\ij ;vg;[:}r]
) plexiglass column  «1kg dried soil with 225 ¢ dried soil with with 50% WHC nder the ot at rea-
Extraction  \ith stainless steel 80% WHC SO‘Vg WI: C 50 * Centrifuge (1 h, 4°C, ul eint (ravplo at reg
methods and plates, through ¢ Equilibration ‘E u(i)libration (30d) and 1818 g) . g;r m?)is? :()il
which a small hole ~ (48h and 15°C) | Sgil e o * Filter (whatman No. éen%rifu :
was drilled. * Soil moisture samplers p 42 filter paper) in tan- &

* Room temp.
*22°C

* Filter (0.45 um HTTP

dem with centrifuge filter)

Terminology  Leachate solutions Soil pore water

Soil solution Soil solution

Table 1. Ecotoxicity test methods utilized soil pore water without adding additional liquids from literature review (continued)

References Shen et al. (2001)

Power and Pomerai (1999)

Anbalagan et al. (2011) Anbalagan et al. (2012)

Test species Phaseolus aures

Caenorhabditis elegans

Caenorhabditis elegans Caenorhabditis elegans

Test chemicals Al Cd

Mine site Mine site

Centrifuge Centrifuge

Centrifuge Centrifuge

* 800 g dried soil with 85%
WHC

*60 g dried soil with 50% +60 g dried soil with 50%
MHC (15 mL of ultrapure =~ MHC (15 mL of ultrapure

Extraction water) water)
. . . H 1 0,
methods In(iubatlon (8 wecks and = Soil ‘.Vlth 20% MHC * Equilibration (overnight and * Equilibration (overnight and
25°C) * Centrifuge (1 h and 1500 g) £0) 4C)
* Centrifuge

« Filter (0.45 um filter)

* Centrifuge (10 min, room < Centrifuge (10 min, room

temp., and 4500 g) temp., and 4500 g)

Terminology Soil solution Soil water

Soil pore water Soil pore water

et al., 1999; Tiensing et al, 2001; Shen and Shen,
2001; Power and de Pomerai, 1999; Anbalagan et al.,
2012, 2013y A83F v} O, Cook et al.(2002)=
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2.1. EYFEEY S8t =7 Y AR

ZHE e E 3 EFEHlM AelEddde
199078 2011d7bA] & 8319 A7 FRHHEATG
(Thomas et al., 1990; Hammel et al., 1998; Baun et
al., 2002; Aruoja et al., 2004; Robidoux et al., 2004;
Antunes et al.,, 2010; Maisto et al., 2011; Marques et
al., 2011). Thomas et al.(1990)2 Pseudokirchneriella
subcapitata(=Selenastrum carpricornutum)s 3O 2
Roundup, Arsenal(2Ib), Garlon 4, Tordon 101 M, Velpar
L, Velpar ULW 5 AZ2A| 6522 1h, 59, 104 &<F
298 EGFEHAXY AT ksl B
dFEde B} S 1:4 HIEE 48h B2 20°C0]
A ZAgAZ F ) ZAGR), 9AEE (102, 10,000 rpm,
4°C), 420.7 um BHIEF F243F o2 (Whatman
GF/F), 0.45 um Y85 MSI nylon(9 cm), 0.45 um =it
MSI nylon(47 mm)] @AIE A A =4 A3
S 4 Fet 24 +2°ColA FAYEN O, AZAS 2e

pu

fijo

(¢

Table 2. Ecotoxicity test methods utilized soil extracts (soil elutriates or soil suspension in the other words) from literature review

Classification

Algae

Chlorococcum infu-

. Pseudokirchneriella . Pseudokirchneriella Pseudokirchneriella
Test species . sionum and Scenedesmus . .
subcapitata . subcapitata subcapitata
subspicatus
Roundup, arsenal (2 Ib), Polycyclic Aromatic .
Test chemicals garlon 4, tordon 101M, Antimony Hydrocarbons-contami- Cadnnum, l ead, an'd
. zinc-contaminated site
velpar L, and velpar ULW nated site
Type Natural soil Natural soil Contaminated soil Contaminated soil
Soil Duration 1h, 5, and 10 days 6 months - -
0
' Temperature - 6°C - -
Light cycle - Dark - -
Type Double-deionized water Distilled water ISO medium MilliQ water
Soil:Water ratio 1:4 1:25 1:4 1:99
W Mixing method Shaking - Sonication ~ Shaking Shaking
ater
Mixing duration 48 h - 5 min 24h 24h
Mixing temperature 20°C - - 15°C Room temp.
Mixing light cycle - - - - -
Deposition 5 min - - -
Centrifuge 10,000 rpm and 10 min - 2,900 g‘and 19 min (for -
Separa- soil elutriates)
tion 0.7 um GF/F — 0.45 pm
Filter MSI ny]on — 045 pm — - 0.45 nm GF
sterile MSI nylon
. . . . . Soil elutriates or soil . .
Terminology Soil elutriates Soil elutriates . Soil suspension
suspension
References Thomas et al. (1990) Hammel et al. (1998) Baun et al. (2002) Aruoja et al. (2004)
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Table 2. Ecotoxicity test methods utilized soil extracts (soil elutriates or soil suspension in the other words) from literature review

(Continued)
Classification Algae
. Pseudokirchneriella Pseudokirchneriella Pseudokirchneriella  Pseudokirchneriella subcap-
Test species . . . . .
subcapitata subcapitata subcapitata itata and Chlorella vulgaris

2,4,6-Trinitrotoluene
(TNT), 1,3,5-trinitro-
1,3,5-triazine (RDX),
1,3,5,7-tetranitro-1,3,5,7-
tetrazacyclooctane
(HMX) and its by-prod-
ucts-contaminated site

Test chemicals

Chlorpyrifos, endosul-

fan, glyphosate, and

vinclozolin-contami-
nated site

Sites for canal reach cross-
Chromium, copper, ing a protected wetland
nickel, and lead-contam- upstream, canal reach sur-
inated site rounded by rice fields, and

rice paddy

Type Contaminated soil Contaminated soil Contaminated soil Contaminated soil
. Duration - - -
Soil
Temperature - - -
Light cycle - - -
. Woods Hole MBL . Woods Hole MBL
Type Deionised water . Deionised water .
medium medium
a small quantity of soil
Soil:Water ratio (c.a : .7g fresh Wt). with 1:4 1:4
deionized water adjusted
Water to pH 45+0.1
Mixing method Shaking Shaking Stirring Shaking
Mixing duration 18£2h 30 min 2h
Mixing temperature 22 £3°C Room temp. - -
Mixing light cycle - - -
Deposition - 24h and 4°C Overnight
Separa- . 5,000 rpm, 15 min, and
tion Centrifuge 40
Filter 0.22 um nitrogen 1.2 um GF/C - GF/C
Terminology Soil elutriates Soil elutriates Soil elutrlate§ or soil Soil elutriates
suspension
References Robidoux et al. (2004) Antunes et al. (2010)  Maisto et al. (2011) Marques et al. (2011)

ZF AE o 24 o] Yet &, Roundupd
785 108 Bt 29% ESFZAY] 10%, 50%, 80%
Aol Atz i) A 31 @] vEston,
Arsenal2 1b)9] A% 5¢ T 2L9H EGFEY9
50%, 80% AzlellA, 108 &< 299 EYF=99
80% Aol iz i) 44 27 o] vekdh
Hammel et al.(1998)2 Chlorococcum infusionum, Scene-
desmus  subspicatusS N SZ 1000 mg/kg SbO/K
tartrateZ 62 B 6°CY FEAA L9H ESFEA
oxe] A FTS Bt EdFEde EYH
B2 1:25 HlEE Eeen, ol9] 7[et Al ARk
8 A BashA] stk =4 A%S DIN 38412/99
et T oH, Qe o3 2/ 4 Al d

=
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o] Uelstt). <te]Ro| WSt C infusionum®}t S. sub-
spicatus®] W9 EFEE (Median effective concentration,
ECso) 2+t 43 mg/Le} 59 mg/Lo|H, C. infusionumO]
S. subspicatusHTh R7FeE 0= H7I=|QITh. Baun et
al.(2002)= P subcapitatas WO Z 34~2960 mg/kg
- EEEEFSL =4 (Polycyclic  Aromatic  Hydrocarbons,
PAH)E A9Zog odd 75t EUSEdolxe] A%
AsFFS Frhsith. EdSTEAe il A5l w
2} soil elutriates?} soil suspensions®Z o] 35}
A}, soil elutriateses =X I1SO mediume 1:4 H&
2 Zgste] 5 2 53] (sonication)sH M, 24 h
SRt 15°ColM JBAID - AR (102, 2900 g) ©
AS A AFSH LM, soil suspensionss EXF} ISO
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Table 2. Ecotoxicity test methods utilized soil extracts (soil elutriates or soil suspension in the other words) from literature review
(Continued)

Classification Ciliate Plant Bacteria

Photobacterium phospho-
reum, Nitrosomonas euro-
paea, Bacillus cereus, and
Arthrobacter globiformis

Test species Colpoda inflata Lactuca sativa

Nitrosomonas europaea

Sites for abandoned Sites for abandoned

p-Nitrophenol, copper,
precious and base metal precious and base metal

Test chemicals benzalkonium-chloride, Copper-contaminated site

mining- mining and catechol
Type Contaminated soil Contaminated soil Natural so;lOicl)r artificial Contaminated soil
Soil Duration - - - 1.5 year
Temperature - - -
Light cycle - - -
Type Deionised water Deionised water Distilled water 0.01 M CaCl,
Soil : Water ratio 1:4 1:4 1:5
Water Mixing method Shaking Shaking Shaking Shaking
Mixing duration 1h 1h 15h
Mixing temperature - - -
Mixing light cycle - - -
Deposition 1h 1h -
Separa— Centrifuge - - 10,000 rpm, 15 min and 3,000 g and 15 min
tion
Filter 0.45 pm 0.45 pm -
Terminology Soil elutriates Soil elutriates Soil elutriates Soil-derived extracts
References

Bowers et al. (1997)

Bowers et al. (1997)

Ronnpagel et al. (1998)

Ore et al. (2010)

Table 2. Ecotoxicity test methods utilized soil extracts (soil elutriates or soil suspension in the other words) from literature review

(Continued)

Classification

Bacteria

Waterflea

Test species

Vibrio fischeri

Daphnia magna

Daphnia magna

Test chemicals

Sites for abandoned mine

Site for chlor-alkali industry

Sites for abandoned mine

Type
. Duration
Soil
Temperature

Light cycle

Contaminated soil

Natural soil
1, 7, 14, and 30 days

Contaminated soil

Distilled water or Microtox

Type extraction solution Deionised water Distilled water
Soil:Water ratio 1:2 and 1:4 1:10 1:2
Water Mixing method Shaking Shaking Shaking
Mixing duration 24 h 24 h 24 h
Mixing temperature - - -
Mixing light cycle Dark Dark Dark
Deposition - 4h -
S‘iﬁj‘rna' Centrifuge 10,000 g and 20 min - 10,000 g and 20 min
Filter 1.2 pm (GF/C) - 1.2 pm (GF/C)
Terminology Soil elutriates Soil elutriates Soil elutriates
References

Loureiro et al. (2005)

Miranda et al. (2011)

Loureiro et al. (2005)

J. Soil Groundw. Environ. Vol. 19(3), p. 15~24, 2014
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mediumS 1:4 H|&2 &35t &8 3 &

(sonication)3}>] 24 h <t 15°CoA] FEAZ] & 2JH3
Ak ZA AP 2d B 21 £2°ColA A eH,
Z5 B M9 FB(ex 420, em 671 nm) A
B3 PAHOl o3t =R/ % A ddo] vEhwth
Aruoja et al.(2004)2 P subcapitataS WO ZE F1=F,
g, ol 5 TEECE AYFor ogd 11T EY
FE=RAMY AN IEFS et EdTEAS
B B8 1:99 HIEE 24h B 220 WgAZ]
5, 7H0.45 pm FrEAF AFA) HAE AA 2}
Aok 549 AP 39 B 23 +2°CA FEE o,
Z5 B M9 FB(ex 440, em 670 nm) HAE
Bl SESOl o 27 9 A el veith
Robidoux et al.(2004y= P subcapitata® TVILZE 2.4.6-
Trinitrotoluene(TNT), 1,3,5-Trinitro-1,3,5-triazine(RDX),
1,3,5,7-Tetranitro-1,3,5,7-tetrazacyclooctane(HMX) % 1
FAER AF9HoF QdH sl EYSFEHolMY] A
A Bt BT EY 7¢9 pHt
45+0.10] H=E Do]2FE F7keto] 18+2h &<t
22 +3°CoA F'3E0 +2 rpm)AZ] 3 40% nitric? 60%
sulfurin acid2 pHE AHASIG oMW, 7 shF 20%7}
HES 55 A7RRE $ o740.22 pm A4 oJ7R]) @A
E AR AFA. 54 AP 49 FF 25+ 1°CelA
FYPHNCH, =7 AE G0 e @] yEhdth
Antunes et al.(2010Y> P subcapitataS g2 2 Chlor-

pyrifos, Endosulfan, Glyphosate, Vinclozolin 5 &5

2 2d¥ ESFZHolAM ] A FeFS Bttt
EdFE9e EYT Woods Hole MBL mediumS
1:4 HIEE 12h 52 ALelA JEAZ £, Fx(12h)
2 o712 um GF/C o3A)) GAE AX AFHs3A-
=4 AP 20+2°CoM FRHEANCH, 27 53440
nm)S B3l 7 4G Y 4319 &, Endosulfan
4 Vinclozolin® 2 2 9H EUFZH] 12.5% 2|
A 47 AsiZE YR vhd| o]9] EYSZEd X2l
A= A FRo] op7]EIit}t. Maisto et al.(2011) P
subcapitatas WeE 37, 78, UA, 9 & 55
2 QA2 L¥H ESFZHM 9 A G
B7reit. EFFERe B &5 1:4 HISE 308
Bt WHIAIZ]L & 24 h 52 4°CollA] Bl o, o]e]
7Tl AR AR B A RuskR] el 54 Ade
4d B 24°Cell M FRERN O, 27 Al Y] S
Boll T4 2 A AGelM FEsel gk 2/ A #
8l &do] YERATE. Marques et al.(2011)2 P subcapitata

o

=
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[e)
e

9 Chiorella vulgarisS Vo2 FAT), 23}, = A|Y
EdFEdelMe A dds Bttt EdT=
oo B9kl Woods Hole MBL mediumS 1:4 HISZE
2h &3 00 rpm)A R F, HH (overnight), AR
2](15%, 5,000 rpm, 4°C), ZH(GF/C HHA]) GAE A
= AFsIA. B4 AP 4Y B YoM, 2
AEE o] RS Jal 27 A Al gl FRIE
. P subcapitata= FAH 2 231 EYFEA] HAE
T At = EFFEAY 100% Aerellx] 47 A
37} DA CH, C vulgariss P subcapitata®} ¥
2 = mYEe Aekzol FA N £ EYFE
Aeluct 49 A8 Qo] FEe Aoz vepirt
(Table 2).

ol

22. EAFENUS 0|6 AER SH ATAR

AEFE HoE g EYSZAolM o] HeisA9F
< 19979 19 A77F R Ak Bowers et al,
1997). “$5F Lactuca sativas WFOZ2 HF A 99 E
FF=HoX Y FA} dol JERS Frsidt. EYSE
A2 B B2 1:4 HIEE 1h 5 A+, A
Z(1 h), 57045 um AR GAE AX AHHsA
=4 ARe 59 B T, T} wof] 7hAst
At FA; ol o] WAlElA] e AoE YETh
(Table 2).

]

2.3. EAFEENE 0|28 H2ER Y A7
HEERE toR & EUFEeIe ArEY

3RS Bowers et al.(1997)2] I/} Y3, Colpoda
inflatas WFOZE g A He] EYFZdM ] A4 A
3 ks kit EYFE=de EG 55 1:4 4
&2 1h st I -, -0 h), *2H0.45 um o
#A)) GAE AA AFASKACE 549 AP 24h ¢
FREJeH, AE o TAE Bl A Al FF

FRI3IATH(Table 2).

24. EAFENZ 0|5 HH|2[oHF S ATAR

we2jolFs e R 3t EYFEdolxe] Ae=A
G 1998, 2005, 20100 3719 A7} FRHER
TH(Ronnpagel et al., 1998; Loureiro et al., 2005; Ore
et al., 2010). Ronnpagel et al.(1998)2 Photobacterium
phosphoreum, Nitrosomonas europaea, Bacillus cereus,
Arthrobacter globiformiss UV Z p-Nitrophenol, Copper,
Benzalkonium-chloride, Catechol2 9% EkFE
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A AgAEdERS Wit EYFEde B &
S 1:3 HIEE 24h 3t IR &, AR (158,
10,000 rpm) SAIE AA AFsITE 54

S TSRO, CopperE 2HF EFFZRIM N
europaea’}, Benzalkonium-chloride EE+= p-Nitrophenol
2 9% EYFZdoA B cereus’}, Catechol® 23
B BTN P phosphoreun?} 7P 1A3SE A7
A3l @do] UERTE BESE Loureiro et al(2005)= 2
F dHElElo} Vibrio fischeriz TVICE H% |99 B
FF=dol| MY AEEG A3l TS Flsllth EY
FZo 2ok B8 1:2, 1:4 HEE, ES9 Microtox
extraction solutionS 1:4 HIEZ Z}Z} 24h B 4%
AolA A F, AR 20%, 10,000g), 7
(12 um GF/C o4R]) SAIE AA AFIaTE. =54 4
He 5, 158 ¢ FAHReH, AELGG A3 Fo]
Rl TRA Ore et al.(2010)= oA Nitrosomonas
europaeas WEOZE FE|E2 1.59 B 29H EYS=
Hollxe] 3 #al dFs Frlelith EdFEdS E
4} 0.01M CaCLE 1:5 BIEE 1.5h < JGAIZ
Z, AR (155, 3,000 g) DAIE AX ANFSAT
3 APLE 1.5h B 20°C0A FEoH, AlF E
He HellA AEg S0 ot A Asl e
A=A FATH Table 2).

;

T !

2.5 EYEENS 0|28 EHER S A7AL

EHERE o= 3 ESFEAdox e Ae=dY
&k 200537 20111 2719] A7 SR ATH Loureiro
et al.,, 2005; Miranda et al., 2011). Loureiro et al.
(2005y= Daphnia magnas Vg2 #F X|de] ESF
FEdoM o] FPo) 2 A2 FES FrFtA
Eogzalo B9k B8 1:2 HISE 24h B9 &4
oA FeA 7l Z AR (205, 10,000 g), ©1¥H(1.2 pm
GF/C oA SAIE AA At 54 A3 48h
2 219 F<F OECD guidelines(OECD, 1998)°l w}e}t
TR RO, 24, 48h F FFo Fako] TEEN oM,
219 F ESFEHY 16% Agurollx] AP 7 dde],
EGFZ99] 8, 16% AzrellA] AHA vl (brood) A17]
9] 74 ko] FRIFQIT}. ®3F Miranda et al.(2011)
Daphnia magnas V322 chlor-alkali A H71&2
2AE 1, 7, 14, 30 B 29E EFEHAL f
ol IS Wrteldth. EdFEde EY =5
1:10 BI&Z 24 h B2 220 F”AZ] F, A4 h),

7H(1.2 pm GF/C A2HA)) @AIS AX AT =43

AL 48h B 20+ 1°CoM Ao, Ege] &
d 717t0] 1 EFEAAFE F97 &l wgdst
Ao 2 YEPITHTable 2).

S

3.1. 4EERTYE EYFEN A7A [T

AR SAAH7E A% EGSE AR 199097
B 20119704 & 15008, 27, A&7, ARsR, o
Hlgolt, EHER 59 SAAEETS tes e
Aot AEERTHE AvRY, 2R/E tos 3
EFEdol| M) Hel5d9de F 871102 (Thomas et
al., 1990; Hammel et al., 1998; Baun et al., 2002;
Aruoja et al., 2004; Robidoux et al., 2004; Antunes
et al., 2010; Maisto et al., 2011; Marques et al., 2011),
Chlorococcum  infusionum=  ©]-8-3+ Hammel et al.
(1998) AlLlsfaL 7739 A7+ 25 =A1HR] ZEAIFE
Q1 Pseudokirchneriella subcapitatas DVFOZ $- =3
o} AlFuiAQ] ESFEML soil extracts, soil elutriates,
soil suspensions®] Al 7FA] 8015 E83fa IAOH,
soil elutriates?t 8015 F=2 AME3laL St} AFEAS
A zA|, AFA, s55%, PEFESEs2(Polycyclic
aromatic hydrocarbons, PAHs) 52 tIo& H71=AAL,
T2 oY AlFEERE 29H A9 ESS A5t
AL8-3199 2™, Thomas et al.(1990), Hammel et al.
(1998), Ronnpagel et al.(1998), Miranda et al.(2011)2]
7otk AAEY} AFELS JI9HoE EFst] AF
851999, Ronnpagel et al.(1998)2] 7% UFTEIYT
AR bb Qdoh EEgE AEReE ARSRE e R ¢
EdFEdelMe] Ausddde 47 1712Z (Bowers
et al, 1997), 45 Lactuca sativa®} colpoda inflata’s
oz F8Ed o, 27} nEVIRE soil elutriates
& g2 ANEHAT. TR wEEolFE e
St EFZdolx ] Ae5/d 93k 37192 (Ronnpagel
et al, 1998; Loureiro et al., 2005; Ore et al., 2010),
Ronnpagel et al.(1998)2] 7% Photobacterium phos-
phoreum,

Nitrosomonas  europaea,  Bacillus  cereus,
Arthrobacter  globiformisE T)’$ 2.2, Loureiro et al.
(2005)2] 7% &g "M E]o} Vibrio fischeris VO,
Ore et al.(2010)2] 735~ oLkt Nitrosomonas europaea
£ o=z 3= A}. Ronnpagel et al.(1998)2} Loureiro

et al(2005)9] AY- ZF, ABH, HRER} K2
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soil elutriates® ]2 AAJEA 2™, Ore et al.(2010)2]
739~ soil-derived extracts®k ]2 A|AE AT} vlER|eko
2 EHERE R 3 EYF=dolx9] Aes4dY
ke 2710 Z(Loureiro et al., 2005; Miranda et al., 2011),
Daphnia magnas WO = FRHEUT. 27, 2=F/, A
UB uhg|g]olFo}l rIRVIRIE soil elutriatesth
goi=Z A=A

==
5T,

P77, EPFEY B P, &=, AR, L5, ol
o ¥ 0w BRE & k. WA A o 2
9149l =¥ &4 A 1 7Rke Fhel Aol 1ARE,

™, Hammel et al.(1998)2] 73907t EY &4 A] 6°C
9 xS A83 vk Uk 9] FFH+ Deionised
waterZ} 7FE o] FHgEgon, o]9 Distilled water,
Woods Hole MBL medium, ISO medium, 0.01 M
CaCl,, Microtox extraction solution®] Z-&%Ic) ESF
o 9] HlES 147} 7FF 2ol F8EAom, o]
1:2, 1:25, 1:5, 1:10, 1:99 5 ttsiAl 2-L=0c}.
T HA7t 3 Y WUWe " (shaking), =32
(sonication), W Rk(stirring) 5] WHES A-831%90H, o]
T G HE 7P Bol A83kAtt. 53] Baun et
al.2002)°] ATolrle ST et " HHE BT A
&3k vk ok 28| W Al XI® ARES 1h, 15h,
2h, 12h, 18+2h, 24h, 48h 5 TIUSsHA FL=HAL
H, o] & 24h0] 7 Bol HEEHUT. o9 S3AE
AIZES sk, WRE AIZES 308 7 AEEI Bgk &)
Al LEE 15°C, 20°C, 22+3°C, A& 5 15-25°C ¥
A HellX Ag=lom, 3 A B7le dEdodx 4
E ARE7E ol EYF= 2] PHe 3,
HEe, A7 o WHe A8sien

oz}, e
gsion, 7+ &
Bo] A5k Aoz VeRdth HA Al e AR SE,
1h, 4h, 12h 5°] FE8HALL, dilie] A e AR
10:2, 158, 208 5ol A8Hom, E8] &%= 2900 g,
3,000 g, 10,000 g, 5,000 rppm, 10,000 rpm 5°] Z-&=3

1
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%
o
c
£
M
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3
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N
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ot o} A] HRAE 727 AR JERE T2 ARSI
on, o9 A x|, MSI YIE A% A}&3 1}
Aok AR FFL 022, 045, 0.7, 1.2 pum 5 ThF
A AL, FE 045 um AR BT} EQtom,
Thomas et al.(1990)2] 73-% 0.7 um BB FEdH o
I} 2| (Whatman GF/F), 0.45um Y83 MSI nylon(9
cm), 0.45um BT MSI nylon(47 mm)S ©]-&3F 45
ozt GAIE AR vk Q)

oh

4. HEH=SHTEIE

[BF MY EAFEY FE&
Mgt

o
T
=]
4

It

A=E4%71E 23 EYGFEY ATARIE niEe =
AE=3971 st A% EdF=d 7= WHS o
7} o] ARKIaA} st EYe] T, EY 4 A
7k 25, BF7e A7Ae] =5 54 wet 7hHA
Agaim, 0] T, EY ol 29 vlE, 77 F
< T W, ARE, 25, 35, B B W
&5, ARE 5, AHR|9] F5 T YEFOE &I
+ Aol FEZRI AR AEHY. Y TR VIS
AHE9A Deionised waterS- 7173 2o ARESE v} Qlon
HQHES] EYFZAS e =ES8doF ALE-
g 7Ae AREY tixrollx] At s S8l A3
HIAE o]&sl 5 Hrlske Alo| viad Ao=
AlEE o]9] EYFEY F= W 3 78 A
7% AHIIOIA 718 Bol A83 AHE niRe R, EGF

bt
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£ o} A B3] S8l 13 of3t A Al
(11 pm PIRhE A8a)E, B 202 g Ao
RIS etste] 289) BAelnAE A8, 23} of

o 32 e JE Alle] ABHET} B A4S F
Ho Ao, A9 S2 WS B EUF
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Artificially contaminated soil extracts

250 g of non-
contaminated soil

100 mL of stock solution "--"l Non-contaminated soil + water I
diluted with deionized

water i l
. 1
Vary according to ]
researcher’s purpose (e.g.
aging duration, ---Ql Aging |
temperature, and light

cycle) 1

900 mL of Growth ! -
medium for each test F - -4 Soil : water = 1:4 (w/v) I
species : |

Naturally contaminated soil extracts

250 g of
Contaminated soil : water = 1:4 contaminated soil
w/v) = === . 1000 mL of Growth
medium for each test
species

'

I
cue «  Shaking with roller
-
Mixing - +  24h, room temperature, and dark
. «  Qualitative glass fiber filter (two-fold, < 11 ym)
-
I Filter I’ +  Quantitative glass fiber filter (0.45 m)

}

I Collection of soil extracts I

Fig. 1. The flow chart of the recommended extraction method of soil extracts for ecotoxicity assessment.
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