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Microtox Biological Toxic Assessment of Soils Treated with Sewage Sludge
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The toxicity of soils treated with sewage sludge was evaluated using Microtox instrumental analysis. In soils
treated with highly polluted sewage sludge from industrial zone, the bioassay revealed a high potential toxicity
in proportion to the amount of sewage sludge. In soils treated with highly polluted sewage sludge from munic-
ipal zone contained the low level of heavy metals, PAHs. The effect of Microtox concentration was well cor-
related with the concentration of heavy metals and PAHs on soils. This bioassay technique can be a sensitive
method of soil quality evaluation and useful for discriminating the quality of soil following potential risk

assessment.
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Microtox #2198 AE5HE 744 (bioassay)-ZA]
S W] vAER] Vibrio fisherid] 237 A =&
Sk A= SATE7E 7RG dFoE felE
o] A 548 A 48 o A fEliEE
o =& A vhS veRIthe A543 A
7FAIAL Iv} Microtox A2 234wl E<] AW
oA A= ATPY] Y35 AAE4Q Luciferase
o eJafix] WolluA| 2 dgA]7]=dl, falEded s
A vAE W ATP A7 B Uz AEAA7E &
A Wejuix]e] Ay eko] WslsiAl #tk. Microtox
A vkE o]t g As dEE olgste] Ed
o] S-S Wrlske 7IMoR 53] By HAE
EA)5= PCBs, PAHs, metals, sulfur 5 ZH& 53
Edo) thair] 7e uke-g 1t} 89

B =R sy A7 EY(@5, 50, 100 ton/
ha)S microtox 24 S E basic test, solid phase
test, basic solid phase test, basic test for aqueous
extractE 3t EC;p& AL 3191om, ICP-AESS}
GC-MS 71715 AHgate] S5437 PAHsE ZAlsod
microtox®A 3} Bl &7 JAAALt fFode =

st

A
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2. M= 2 g

2.1. M=

Microtox 410l AR&¥ &= gk 2] ok(Vibrio
fischeriy= AZURAK(Carlsbad, CA, USA)Z4-8 s}
Atk BHElol A2 g3} -89 (reconstitution solution)
& =Xo] Qle 2T E AZURAIERE FYse
o, dguteglol Al 1MT Aj&/dst & 1mLe
Ho] s471x% gukEElolE AEAsE A7)t A
Soteirt. sS4 (diluent) AzurAtE=HE FSIRIL,
AME AokS sME o ARE-SIITE. = (Phenol)
Aldrich*HMilwaukee, WI, USA)ZH-E 3t #H=
50 mge 500 mLe] 2 Egi T SHRTE S84
FAA 100 ugmLe] FEE Axsle] FFgHoE A}
£33t 25 MilliporeAHBedford, MA, USA)2]
Mill-Q water systems ©]-83] €& 183 MO o
o] A 7= gol2E ARSI #7180
sodium sulfate, methylene chloride, n-hexane-2
Fiser ScientificAH(Fair lawn, NJ, USA)IA 743k
o, dimethylsulfoxide(DMSO)+= Junsei*H(Chemical

7] - A

Co., Ltd, Japan)ellX] +ate] AHE-5HSATE. ICP-AESH
g SJEM AREE EYFEE3| N (ternary solution)
< nitric acid(HNOs)= Fisher Scientific(Fair lawn,
NJ, USA}, sulfuric acid(H,SO,)= DuksanAH(Ansan,
Kyunggi, Korea), perchloric acid(HCIO,)= SamchnA}
(Columbus, OH, USA)ZH-¥ 3t HNO, :
H,S0, : HCIO, = 10: 1: 4 ¥&% A2dke] AM8-3%
o}, GC-MSE4] o) ARE-== &1 dichloromethane,
cyclohexanex= 2z} Fisher ScientificA}9} Junseirl=
FE dste] ARSIt

2.2. 717|

B Ao AF&-3F microtox 717]1E  Microtox
Analzyer(AZUR Environmental, USA)Z4] model
5002 ARE-SIITE. -20°CollM Bad g mAES A
&g goom GS A7l F 4°ColM HERAS F
AsPHA microtox 4& Fdl ECye S48kt
a3 3 UE A S EYY 85 58 5%
317] 98l ICP-AES(GBC-Integra XMP, Australia)
& AMgsle] #4381 e, =3 PAHs =& 743}
7] 9eiAE GC-MS(GCQ, Finnigan, USA)E ARt
of A8t

2.3, AEHUY

Basic teste= EY 15 goll 3] (diluent) 30 mL
2 2N FESt] S FHsA A sileH,
solid phase test= E%F 15 goll 3]4]d(diluent) 30
mLE 10% 59t = % filter column® 2 A A3k
42 microtox manualel] Wl 243519t} basic
solid phase test & EY 15 goll 34 (diluent) 30
mLE 107 &<t F=3te] 4595 microtox 4]
ARE-8190 1, hasic test for aqueous extract test=
EY F=3S 2714 (diluent, solvent) &2 ALg-3}
Ak 4 BY 15 g7 g4 30 mLE e (20
£2°C)lIA] 48A17Het KBIAIA “FedS Ao A
slRon, 47182 FE3R= solvents= £ 50 gl
sodium sulfate 50 g, methylene chloride 150 mL
9} metallic copper 25 mg2 22 H 200 rpmeilA
4AZE o) A" 7§ oA (Watman No. 2)& ©]-&
st f718w FE2E&IS FA FFH7|(Turbo vap,
Zymark)Z methylene chlorideE® F9A171 3 di-
methylsulfoxide DMSO)Z A &-alsle] HF TS
2%t F=E SHTE 3481 microtox manualol]
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w2} ECspe 5783kt

ke A EYe] 548t 24, S5 v pH
7t S5 vAe 244 s 24K pHE o
W o2 By wet ey R AMeE BEY
1 gol| distilled water 5 mL B]&Z FEslo] ZAlSH
Atk ICP-AES 48 3oy Ag EYY S35
FEEE EY 5 g2 4 M HNO; I&9 25 mLo
Bl 80°CollA 167117kt AEste] S4she WH
EY 2 g& Hal9 ternary solution(HNO4:H,SO,
:HCIO, = 10:1:4) 20~30 mLe] Y3 Gais| 3=
(kieldatherm, Gerhardt, Germany)olX] %7] 1A7+&
250°C, 7L Folli= 375°CE2 2A17F B¢k 719 Baf &
oAFste] A5k WES ARSSISITH

sy A2 EYe] PAHs 747ke] v & T3l of
" SA4o] AeA gotrr] flaix AT EYe
ZAxz)= soxhlet FZ2HE o83l o] He] F&34
S w3 & HA dHS TS FEYS HTHL
2 1 mLg 53 & #4559 Y. GC-MSE ©]&3]
o] PAHsE #Asl7] S8 A85= 2 A= US
EPAS] SW-846'0%A o) o] EA319it) Al Es
20 g& °F 2050 go Tt YEFH S &
EoIHel ¥aL soxhlet FEHE ©18-8l] oF 162
7+ F&319th. 581 dichloromethane 200 mL
FEH AR WEEFEES A&

=
=
PRIPEF BUL FAA vFe) FRe AA

=2

=

& THY AEA2 HTHOE 1 mle §
3 F GC-MSE AR8-sto] £4315ltt

g

% I
3.1. Skl X2l Eo| Si8t =M1 FFL 55
oY A EY pH 2 S35 $E5S A

o Table 1o YeRiSICE ¢4 AL s2u AHE

ESFMSS)e] pHE 31594 Ael@ol wet 54, 4.8,

45, 3% ey A7 ES(ISS)S 4.9, 4.9, 4.60131
. 2% T2t 1SS 49 Cue 7+t 1383,

199.9, 329.9 mg/kgolR o™, Ni& 4.2, 46, 82 mg/

kg & UERIT) pHE MSSe}F ISS7F AH3S veRY

Atk MSSe} 1SS sy ARFe] wEk 4]

T BoRE AS & 5 AT, ISSe MSSH

453 =22 & 5 AU Ibekwe 5 pHeE 57

o] JFS FI sEeUE AP d B AR 4

EAE 959 57 7RI 81913, Stuman

and McBride®} Blasiak and Harters%®= pH’| &%

Z9| FEE&9] A L83 IS nRIYa e

o g pH 554%=7F Hdlgla ok 2 g0

g EYd AT o FE&0] = PR TS

H23sb7] SlsiME pHE BAS & Dart glon,

Microtox 20l AME-E)= uhe|globe Ja2 i)

7] 9J8iA pHE 6~8%2 HANFo|oF S Microtox

Manuals 53l ¢ & IAch.

3.2. ske2L] X2 E9| PAHs s&

GC-MSZ E43l 167}4] PAHs §=& ZARIY
Table 29 YeERAcE MSSeF ISSe| k=] 3
= 167FA] PAHs % MSS¢} ISS 528 AHRH
naphthalene& MSSOlA 3l4=9Y A& Foll uwz}
2383, 286.6, 2245 ugkg, ISSelA 4404, 801.1,
1161.0 ug/kg, acenaphthene2> MSSolA 18.8, 84,
10.5 ug/kg, ISSellA 18.1, 33.7, 59.4 ugkg, fluorene
© MSSelA 324, 184, 31.0 ugkg, ISSOA 46.8,

Table 1. pH and Concentration of heavy metals on soils treated with the sewage sludges(mg/kg).

Sewage Levels .

Sludges  (ton/ha) pH Cr Ni Cu Pb Cd Zn Fe Mn
25 5.4 0.1 0.2 5.3 6.4 0.1 26.4 99.8 36.3

MSS? 50 4.8 0.2 0.3 8.0 7.5 0.1 29.5 143.5 41.1
100 45 0.5 0.3 10.8 7.2 0.1 27.1 208.9 35.8
25 49 2.3 4.2 1383 10.3 0.1 414 173.1 319

ISS? 50 49 49 46 199.9 11.1 0.1 36.0 282.0 20.7
100 4.6 104 8.2 329.9 13.6 0.2 54.2 414.0 17.0

"Municipal Sewage Sludge, “Industrial Sewage Sludge
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Table 2. Concentrations of PAHs on soils treated with the sewage sludges(ug/kg).

Sewage Levels
Sludges (ton/ha)

NaP* Acy® Ace® FleP? Phef Antf Fla®

Py! Chf BaaAl BbFK BKFL BaPM IcPY DaA® BgP®

25 2383 199 188 324 2275 753 3384 5935 91.3 1803 2579 124.8 1749 165.6 56.7 206.6
MSS! 50 286.6 13.6 84 184 1223 124 1772 2157 70.2 1559 2041 884 122.1 1304 36.7 198.1
100 2245 11.7 105 31.0 227.8 29.0 4345 499.1 186.1 371.0 419.7 171.4 286.9 253.9 554 359.5
25 4404 129 181 46.8 313.8 484 323.0 5909 1129 2332 225.0 97.7 145.1 134.7 37.6 200.7
1Ss? 50 801.1 164 33.7 758 4353 72,5 238.7 5686 722 2491 2196 788 90.7 1214 244 2358
100 1161.0 34.0 594 1672 749.5 127.1 4485 957.0 1432 483.5 364.2 1504 158.1 2416 753 483.2

"Municipal Sewage Sludge, “Industrial Sewage Sludge.

ANaPhthalene, PAcenaphthylene, “Acenaphthene, PFluorene, "Phenanthrene, "Anthracene, ®Fluoroanthene, "Pyrene, 'Chrysene,
TBenzo(a)anthracene, ¥Benzo(b)fluoroanthene, “Benzo(k)fluoroanthene, MBenzo(a)pyrene, NIndeno(1,2,3-cd)pyrene, °Dibenzo(a,h)

anthracene, *Benzo(ghi)perylene.

75.8, 167.2 ug/kg, phenanthreneS MSSoA 2275,
122.3, 227.8 ug/kg, 1SSOlA] 3138, 435.8, 7495 ug/
kg, anthracene& MSSol A 75.3, 124, 29.0 ugkg,
ISSollX 484, 72.5, 127.1 ug/kg, pyreneS MSSel|A
593.5, 215.7, 499.1 ugkg, ISSelA 590.9, 568.6,
957.0 ug/kg= ERSTE HA 25 naphthalene
7 250~430 ughkg B=2] FEIME 23 onS
Z¥x] k=t §10H, acenaphthyleneS 2E A9
™, &, 2299 g SRl 20 ugkgH =
EA o] F3] Arpa B kY B AgelA
naphthalene ISSol|A] /4ol & o] Arh=s Ae
& g AJARE MSSE= sy Azl #AIgle]
549 FFo] flvke AL o F YU, acena-
phthylene MSSlA 19.9, 136, 11.7 ug/kg, 1SS0
A 12,9, 16.4, 34.0 ugkgl E =)o F3] Hrh=
Zo] 4x] &13th. 28]a. PAHs7} 2 3X{A89] AL
&3 DA A=) U3, AR AMEHE &
AR A o] SA mt o e AR Y
PAHs 2ol tjsire & o7t glvke A2 & 5

ek,

3.3. MZ CIE2 Microtox242| EC;, H|1

sy Ae] Bl EAlshs 5343 PAHsel
gt 542 MicrotoxitA& Sl AadAlet o4
S AAB7] 9J8lA] Basic Test, Solid Phase Test,
Basic Solid Phase Test, Basic Test for Aqueous
Extract(Diluent Extract, Solvent Extract)®4]S 3
ECy;& ZAFSIATE Table 39 skl A B¢
54E ofe] 7] e ARSS A9E eI

Basic testf< 324 X2lEge] wjg} MSS ECs,
o] 448.1, 430.2, 440.8 gL, ISS= 130.6, 135.2,
130.4 g/Lo])3L Solid Phase Testd-< MSS EC°l
1909, 200.2, 187.5g/L, 1SS+ 135.1, 137.6, 131.7
gLl o™, Basic Solid Phase TestH-2 MSS EC;,
o] 98.2, 100.5, 99.5 g/L, ISS& 72.1, 73.4, 805 g/
Lo|3itt.

skrey] AMEEel wet 548 7P 2 JeliE W
WL basic test for aqueous extract® 2.2 MSS
EC;©] 2456, 2404, 2361 g1, ISS& 1705,
104.7, 73.2 glLZ 3oy A2 B 548 H7t
3l7] 93 B4 O 7 basic test for aqueous extract

ol 7P Aedte & ¢ Aieh =7 fr)skekEe]

Table 3. Comparison of Microtox media® with different method.

Sewage Levels Basic Test Solid Basic Solid Basic Test for Aqueous Extract
Sludges (ton/ha) Phase Test Phase Test Diluent Extract Solvent Extract
25 448.1 190.9 98.2 245.6 249.4
MSS! 50 430.2 200.2 100.5 240.4 243.3
100 440.8 187.5 99.5 236.1 152.7
25 130.6 135.1 72.1 170.5 198.7
1SS? 50 135.2 137.6 73.4 104.7 142.2
100 130.4 131.7 80.5 73.2 70.9
Qconcentration : EC;y(g/L), IMSS : Municipal Sewage Sludge, 2ISS : Industrial Sewage Sludge
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Fig. 1. The relationship between heavy metals and the Microtox ECs, on soil treated with the sewage sludges(Diluent

Extract).
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34. Diluent extract EC5 2t S3&2| &f2ZHA| 3.5. PAHs ST} solvent extract EC;2| &4
Diluent extract ECyt 5550 J48AE Fig. 1 24

of Yepfidth A 43R AFEE BE Cus GC-MSE %3+ PAHs s} AHAAE Uolnr]
0.8691, Cri= 0.7817, NiZ 0.7912, Zn& 05703, Cd  $J3IA BAIE ol8sle] AL s ue MSS,
< 05620, Fe2 0.637, Mn 0.692% “g2A17F & ISSE s 23 3594 #2]%= PAHsel s
T & AU, PbE 048060 AV gl 38 WHROo® WSS, A4 AR dAlE T
& = Atk Cu, Cr, Ni, Zn, Cd, Fe2l 5= 39tk GC-MSE 43 PAHs 5%% solvent
oy A #el wet diluent extract EC50] Wol  extract EC5p2 3171 #4128 o83l JAAAE Fg.
Aoz o] st Fof JAAAE e, 200 YERAUC

Mne 59y Aol el SAo] 23lEs A Naphthalene, phenathrene, fluoroanthene, pyrene,
AAAAS YR =, YollA ICP-AESE 98 benzo(h)fluoroanthene, benzo(ghi)perylenes tHE
T35 %9} diluent extract ECy©l A=A147F  PAHsH.U} FX7} =9kA 4, phenathrene 0.594,
= S o 5 A, 7129 EA4H7E W 5 benzo(ghi)perylene 050024 21X g AHE
5 A HEo] AEHA (biocassay)H el €5 YERASISL, PAHs § AHAA7E £ ACE+E ace-
microtox AW E =47} who 2 §835ltl= 218 naphthene 0.544, fluorene 0.611, benzo(a)anthra-

Mo d

le) 2= 2= 0 O o 2=
& 3USih cene 0.655% A4 A ATV 25 ¥ 5 AN
300 300
*=0.544 *=0.611
) )
2 2
2 8
) o
w w
0 T T
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Fig. 2. The relationship between PAHs and the Microtox test ECy, on soil treated with the sewage sludges(Solvent
Extract).
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t}. MSS¢} ISS¢] % PAHs %%} solvent extract
ECyl 3H4E ESH ’FAAE Fg. 20 JERASL
OEtl AN g AL 0582%*1 = des ¢

T AU 2Ev fElEAEC] FET & WellA
E—ZHE]‘% A5ARE T e Adzge R
% PAHsol| gt solvent extract ECg ol 4&aA7t

wee o & gt

3.6. EAIE 0|85 |l AN

89 443 AR fele AR Slsiel
ICPAESS GCMSE olg3te] sirey] A7) =]

5% ¥ PAHs ¥55 7901 fod A4 2
= Z¥z; Table 13} Table 20 YeER|AL, o8] 714
microtox 21" % basic test for aqueous extract
(diluent extract, solvent extract)2 53 ECg <
Table 3 YERASATE.

34 2 PAHso| HAS5E 29 AU}
0018t} Sobr] folido] ASS & F Uth TF5
o] A#AAAE Cu > Ni > Cr > Mn > Fe >
Zn > Cd €28 5% ¢ F St &) ICP-AES
=2 53 3% == Fe > Mn > Zn > Pb
> Cu > Ni > Cr 502 o} o]ggh Ao ozt
3l microtox BT 5% TR ATAo] &
ZOF E3AN, SAE olgate] 4 3 B
o A t=2A U2 AS & 7 AbTh AAR E"k

ol FEEEe] EFele] A wEel =57
o] A¢E T FeHdd AddHsoe= °]75H
microtox g WAEC] 54 ECy)ol mA= FEFo
@8] FEEY] wRd oEshE Ao] o=

S & T UAA 78] 5487 QL 7171E
SR oY 5A4E Hrkelldle dEESds
4= A}, PAHso|A4] benzo(a)anthracene©] 0.655%
A AR AR AL 7P =%3, fluorene >
phenathrene > acenaphthene > benzo(ghi)pery-
lenetns o2 AHTAE =22 & 5 Aok o]l
2 PAHs= EY o F=7F AAAN JddAE
2 A7 23]8] Eol 5A40] F=ol Hlsk= Zle] of
k= 7;1% o —’F AT =, FHAAI7E = PAHs
, ZPAHs¢} solvent extract ECg)9|
]"r(rz)*‘ 058224 Fode & 4 AN
aL, Table 4°ﬂ UeERASIT o] A2 E3H o] e
PAHs®] A5, 24312822 microtoxdl] W X& £33
¢ =49 FIUS & F UTh

=
(A = e

Table 4. Significance of difference between heavy metals,
PAHs and Microtox ECg,.

2 p?
Cu 0.871%" p<0.0001
Ni 0.794™ p<0.0001
Heavy Cr 0.784™ p<0.0001
Metals Zn 0.576** p=0.0003
cd 0.562 p=0.0003
Fe 0.637" p<0.0001
Mn 0.692" p<0.0001
Ace® 0544 p=0.0005
FleP 06117 p=0.0001
E wE —
PAHS Phe 0.594** p=0.0002
BaAJ 0.655 p<0.0001
BgP? 0.500"" p=0.001
Total PAHs  0.582" p=0.0002
CAcenaphthene, PFluorene, FPhenanthrene, Benzo(a)

anthracene, PBenzo(ghi)perylene, *Prob., **: P<0.01.

4.d E
skreUs d7l=e dFeR Y o widoly s
FE7I7F HA genw FPHor A=l T

L3 AP HAL vk 53] oYl S5
PAHs 72 felE4ES 7HAAL 0B8R o5 {3l
o] £3uo] e 549 IS dotrr] fls A
E5H4 #4920 microtox £41S ST £ AFolA
= bt falEde] EfE] e ke AE B
&S microtox EAWT} 717184 ICP-AES, GC-MS)
= T3 AAAAC fFoAdel dis| AT
microtox ¥4 317] 8] e UE Bl 2z)st
o, EA5tux) sk EYe 5353 PAHSE &+
Zal7] G BNelT) {71818 LA 22
3 gAoR o 7FA] microtox AL Bl oH,
basic test for aqueous extract(diluente extract,
solvent extractyEAo] <3 PAHs F=ol thsl
FaAAS} freldel Edth old et AaAIe {4
e ZAE A3 FE459 AN AR AFde
Cuw:0.871, Ni:0.794, Cr:0.784, Zn:0.576, Cd:0.562,
Fe: 0.637 1o, o] JaaAE vehliglem, Mn
2 0.69224] A2] FaAE JERSITE. PAHse| #
A A3 A= acenaphthene:0.544, fluorene:
0.611, phenanthrene:0.594, benzo(a)anthracene:0.655,
benzo(ghi)perylene:0.50024 -] AA#AAE el
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