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Bioremediation of Organochlorine Insecticide Endosulfan
by Bioaugmentation with a Bacterium

Mi—-Eun, Park

Department of Ecological Engineering, Graduate School,
Pukyoung National University

Abstract

Endosulfan, a organochlorine compound, is widely used as an
insecticide all over the world. However, endosulfan is ubiquitous
contamination in agricultural environments and considered potential
pollutants due to its toxic and recalcitrant properties. To remove
toxic organic compounds, both biological and chemical treatments
have been suggested. Bioremediation of the .toxic ' organic
compounds, using microorganisms. or enzymes produced from the
microorganisms (bioaugmentation), 1s often— considered as and
environmentally favorable method. Therefore, many efforts have
been made to isolate bacteria capable of degrading endosulfan.
The objective of this study was to isolate a bacterium to degrade
endosulfan and to evaluate the possibility of the bioremediation in

soil environmental for the degradation of endosulfan. A endosulfan



degrading  bacterium, K-1321 strain, was isolated by
endosulfan—-containing enrichment culture from soil and seaside
sediment samples. The strain was identified to by Serratia sp.
based on the results of morphological, biochemical and 16S rDNA
homology analysis. Serratia sp. K-1321 was able to degrade
100% on 10ppm endosulfan within 4 weeks and 100% on 50ppm
endosulfan within 6 weeks in the culture media at 25°C. The pH
value of the culture media was increased to pH 8.5 from pH 5.8
after 6 weeks of incubation. The experiment in soil, lab—scale
model analysis, was performed to two group, sterile soil (Group
A) and non-sterile soil (Group B). In soil, Serratia sp. K-1321
was able to degrade 99% of 50 ppm endosulfan within-6 weeks at
25T and the pH walue of perform was increased to pH 8.2 from
pH 5.5 after 6 weeks to.began the observation in all group.
GC/MS analysis revealed that endosulfan diol was an intermediate
of the bacterial endosulfan degradation Considering above results,
we concluded that Serratia sp. K-1321 utilized endosulfan’ as a
carbon source and- metabolized endosulfan via lessstoxic pathway

such as the formation of endosulfan diol-as and intermediate.
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1940t} DDT (dichloro-dephinyl-trichloroethande) A}8< Alzto =
ksl ofA|l So] = Slen, 1970 d 714 el o]-& AT,
a8y 19629 v=o] #olA Jb=(Rachel L. Carson)o] IEQ =
(Silent Spring)S &3l F719aA sdES] AFdoR QAsk TAHE
A& etaL, 19630l tE® A 3pale o)A 37p, “Fofol w3 AL B
e et o AL SlFEsTh 22 QI 1972 W] Sell A
DDTE AH&S KWW Fdsglon, of Tud AA# o= {7944 &
ok R AE FAAY Tol AV EHS| FAF ALgol |4EHU
at

(BP9, 2004; A F ol k&A%, 2009).



Table 1.1 Classification of pesticides by ingredient and chemical
characteristic (KFDA, 2008)

Ingredient Chemical group  Residual Examples

Bio-pesticides - - Rotenone, Nicotine, etc.

Organochlorines High DDT, Endosulfan, etc.

Organosyntheti  Organophosphat . .
Low Malathion, Methylparathion, etc.

¢ pesticides es
Cabamates Low Carbaryl, Parathion, etc.
Inorganic Inclusion of Hg, Permane Phenylmercury acetate,
pesticides As, F, or Pb nt Arsenate of lead, etc.




Endosulfan(6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a—hexahydro—6,9
-methano-2,4,3-benzodioxathiepine-3-oxide)< 1956 ZdoA 7§
U cyclodienel E¢Fo =2, AAl Syt A 7HE Bol ARSI Q)
= T FoFolth(AE e okEebd g, 2008; AAME ], 2008).
719 4A sk &3l cyclodiened w9 19451 Sfo]w (.
Hyman)ell €3l aldrin, dieldrin, endrin, heptachlor 5©°] 7I&=]o] A}
SHAHAGS 9, 2004). 2} v Al7]ol 7 cyclodiene |
F719 207 4F AR aldrin, dieldrin, endrin 5 374 %2 F2FEof 9

J 59 540® ) AR&o] 54 ¥ W, endosulfan
Al soel wis) Rk} gar gl
al W B A W Aol dob BE s5-ZAVE A7) wiel
HAA74A] o el A Al gk o2 AFEE a1 JTHNRA, 1998; Guerin
et al.,, 2001; Walter et al., 2001).

Endosulfan WWF (World Wildlife Fund for Nature) A4 W&H]|
A wd=d(ECDs)ol™, 2001d 7IHE =55 3]°lor= POP &
ZoA AYgHPS Y} LRTAR (Long-range Transboundary Air
Pollution) @A A= o3 POPsZ &F=o A°om, UNEP (United

e

A==1-97] O
deeHS

N
e

A

ofy

A

Nations Environment Programme)ol A+ =4 A& &4 (Persistent
Toxic Substance; PTS)Z 12 %ef St (Guerin et al., 2001; fF<lgk
AAE =9 ¥93], 2003; Usha and Harikrishnan, 2004). ®3 WHO

of 9]3t Categoryll-Moderately Hazardous &#E34d, EU % US

A

EPA (W= 3tH B3 H)o] 23k Category I B-Moderately Hazardous
E242 AAEo JdrH(Usha and Harikrishnan, 2004).

gyl M= 20043 o]% A& 2= 9] endosulfan 2E7F 4]
o

U, B A=A o] endosulfan % %7] E&4HE<

i
¥ o



endosulfan sulfate”} HE% o] FH7H4] ARgo] HIHSHA o] Fo] x| aL

Atk FZ5EH, AA= endosulfans AHESHA] EUiEtE EoF Fo
O3/ sEVF e Zo® Huya JriuhEA 9, 2004; e
9], 2008; %7+, 2010).

E% F endosulfane HEE T3 HEAZ STEHo A=A U
R = FUHAE S okEekA A, 2008). AE, FAE 1A, B A7)
A T & FAEY s A e Aol wEw wpd 7
A o] endosulfane] HEHi Jom(HAG= ¢, 2000, A
9], 2007; A&AZI, 2009; g+ 2], 2009; shFE 2], 2009), gkl
AE AZHE Aoz ¥uya Qs 9, 2002).

Endosulfan®] Ao tjgh =52 F5F Ay A-F7]|9 §¢9 2 IR
S, L9 &8, L EREGEl = var- I A R AF 5
(Usha and Harikrishnan, 2004)°] 9JajA dojd = o Eg 2L
3t ‘endosulfano) Q1A HHHRL Aeid& 7Hd = 3o

73

_'El_
FA7F "ok w3k endosulfane FiAlo] Hlald o] EQF 3
A



1999; Gestel et al., 2003; Lu et al., 2010).

f71%4 2R odn Ao Auety A PHoRE 4R o
L3l 29 =4S AA 7= WH(phytoremediation), M & & B
WEo] YAFHE HAE ool B F LPBAL Falss YBY

% 43} W (bioremediation) 5] Ut}

BEe sk E e MAEe oA A S8 olsstel ogw
874 ABA7IE Sl Aol oFAY He WAR odn 7

(Pritchard et al., 1992; Alexander, 1999; Atlas, 1999; Jacques et
al., 2008; Gerhardt et al,, 2009;"Xu and Lu;2010).

mebs] 2 AFoAE FUIsAEEdEZEAL A T AR 1zt
24490 fladel =2 #7194 5°F endosulfans Ead 9l

A ES 285t endosulfan &, BE w4 s H

rr

B
de7 ol -9l endosulfan w3 54 AES F3 bioaugmentations T
= 3HA biostimulations W3 3l+= endosulfan®] AESHE A3} 7}

e Aateln.



dichlorodiphenylethanes, cyclodienes, chlorinated

benzenes/cyclohexanes 52 & EFZHTable 2.1).

Table 2.1. The classification organochlorine pesticides according to
chemical structure (KEDA, 2009)

DDT, DDD,

) . - Dicofol, Perthane,
Dichlorodiphenylethanes J:
c . I Methoxychlor,

Methiochlor, ect.

a Aldrin, Dieldrin,
Coclodi cl ‘B" Heptacehlor;
clodienes d
Y & 1/ Chlordane,
cl = Endosulfan, ect.

Cl

. HCB,
Chlorinated Benzenes/ a N )
Lindane (y—-HCH),
cyclohexanes a al
) & ect.
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Table 2.2. The substitutes of organochlorine pesticides (KFDA, 2009)

POPs Substitutes
Aldri endosulfan, carbofuran, carbaryl, chlorpyrifos, quinalphos,
rin
phorate, etc.
disulfoton, fonofos, chlopyrifos, propoxurm fenitrothion,
Chlordane o
diazinon, etc.
DDT diazinon, carbaryl, malathion, trichlorphon, quinalphos, etc.
. . pirimiphos, endosulfan, carbofuran, fonofes, chlorpyrifos,
Dieldrin .
fenthion, -etc.
. chlorpyrifos, ‘endosulfan, carbaryl, malathion, nicotine,
Endrin .
phosphamidon, ete.
aldicarb, carbaryl, carbofuran, phorate, fencalerate,
Heptachlor ]
deltramethrin, etc.
Mi diflubenzuron, carbaryl, avermectin, diazinon, deltamethrin,
irex
sulfuramid etc.
trichlorphon, trifluralin, alachlor, dimethoate, chlorpyrifos,
Toxaphene

etc.




2. Endosulfan
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(KFDA, 2009).



2.1. Endosulfan® &&-3}38t% EX4

195611 Hdol A /MEE endosulfand 1956130 1 24F a7} <14
Hol HIHF oA Az FTHAH ASAoIHAFYFEIAA,
2008).

Endosulfan =#F (i) F4 440
o] uARA olitstEte] HAE WY &% endosulfand FER S
106 C(s=58+ a-endosulfan®] H=4-2 109.2C, B-endosulfan®] S
e 213.3C), & AFL 70~100TC AHEolH, Bol Ao =X
gout e 7ol A% fajEth ALoA A, &,
DMSO, 95% o, obAl= &-HollA 24417 FAdE Ao defr 3l
CTHNRA, 1998; 2] oFEeralad, 2008). Hell= <t st Holut #49) A
of 9] a-endosulfan®] &% =™, dzbel A A AE| TR
& =l diol 3ghEat ot A , 2006; AH
], 2007; A3 2], 2008).

Endosulfan< | 4 A°]Ad 2 A|Q1 a-endosulfan¥} B-endosulfan®] <3t
B2 dubyo g Z7b 64~67%, 29~32%2] vl&= =8, 1 A
Sof wg} &3 ¥k 7F 220 (Siddique et al., 2003; Lee et al.,
2006; A9 9], 2008;-2F9] k& A, 2008).

Endosulfan®| &32]-384 542 Table 2.3% 2.

i
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2
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Table 2.3. Physicochemical properties of endosulfan

Article Contents Reference
al
) 4 0
Chemical Iﬂa \
=0
structure /
al O
a
Chemical 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a
—hexahydro—-6,9-methano-2,4,3-benzo
name ) Do .
dioxathiepine—3-oxide
Other name Benzoepin, Endocel, Parrysulfan, (httié/NW\ia ba
Phaser, Thiodan, Thionex, ect. ’
nap.net)
Base chemical CgHgClgO3S Budavari, 1996
Molar mass 406.95 Budavari, 1996
. o 3 Lide,
Density (20TC) 1.745 g/cm 1998-1999
Water (257C) 60~100 ng/L
Dichloromethane 200 g/L
Ethanol 65 g/L
Ethyl acetate 200 g/L
Hexane 24 g/l
Toluene 200 g/L
Solubility Acetone 262 g/L Coleman and
(207C) Benzene 333 g/L Dolinger, 1982;
"3 \r bW& "n HSDB, 1999
tetrachloride €60 BN
Chloroform 746 g/L
Kerosene 164 g/L
Methanol 89 g/L
Xylene 388 g/L
Melting point 106C (pure), 70~100C (technical) Budavari, 1996
. . . Lide,
Boil point 106 C at 760 mmHg 1998-1999
a-endosulfan 4.0x107"
Vapor B-endosulfan 8.0x107
pressure Endosulfan 3 7%107 Guerin, 2001
(Pa) sulfate
Endosulfan diol 2.3x107°
log Kow 3.55~4.38 HSDB, 1999;

NRA, 1999

_11_



2.2. 37 Z endosulfan® EA
2.2.1. Z5A (Persistent)

Endosulfan< =o # &3 %] gar, dlo| okA4stH, Kow”F 10,000
a8y StAAE oA v A ET &
gol ol ot Fa7f vl 2 dojub= Holw, dZke] 7 A A

3l ¥ th(Guerin, 2001; 27 9], 2006; AAE 9], 2007;

#7184 2 AR Bobd Wavt FbshE BFE woln,

a
2 E9% 3t A a-endosulfane] 7] =02 3|uéle] B-endosulfan
% endosulfan | &3] AbE] Hl& § By AAHE A= HAd
(Tomlin, 19975 = Guerin, ©2001; Siddique et -~ al., /2003;
Umweltbundesamt, 2004;+ A&7 <], 2008).

2.2.2. o5 A (Transport)
Endosulfan< H|HHFA Ffor F2 EZE 10 cmolWd &A413+=
Aoz delA vk B e Kow w2 9F 10,000 A== B4 <

K
Aol el F2iEol B & T olEAdol A9 fle Aem deA
bl

e, F2 EG A fxud AFITINRA, 1998; Guerin,

_12_



2001).

gy FH2 Aol et wirl, sk, sl B AskrE TelA k=
endosulfan®] A=%3 Jom(Hd ik ¢, 2001; Laabs et al.,, 2002;
Harner et al., 2005; Lo'pez-Blanco et al., 2005), ©]&l3 ¢l
endosulfan°o] F2d EYudo] A5 F&F o 9 shd 2 A st
T2 ol e HFEAY, A¥H endosulfano] 3@l thr] Fo HEE
7] W&ol Aoz A JTHNRA, 1998; Guerin, 2001; Zhang et
al., 2003). Lo'pez-Blanco (20052 E%& ©o]&3F column 2
B3 EGudd 2% endosulfan®] EY Fxd wEl EY IS5
7t A ool 7hsatH, At B
Buskglth, 3k endosulfanel X E 20¥ & AL EFO Ago=
5 endosulfan®] 0.009~0.053 ug/Le s &= HA=HJTy Haud
vl 9lth(Usha and = Harikrishnan, 2004). & Sujelde A

2004). T3 FoFS A3 TALREHA] e A AEodA " Fo

al
¢l X glo]= endosulfan®] 3¢l =Ed F 35S BT
Endosulfang #¥/do] Zstol szl o 2-olFsts Ao defA
A, ol g ow Qe 7] FAME dAZFS endosulfan©]
=5 JJom(elx ¢, 2001), W7IE St HEHGS Adus
A5 23 % ®HaFEAtH(Harner et al., 2005; Weber et al., 2006).

_13_



2.2.3. &3l 54 (degradation)

37 % endosulfan® HEe|HAHE F=2 a4 Ry R
HAel F A FEE o|FoXH, As A EIHAANM = FFolF
(fungi)oll <8l F= endosulfan sulfate’} dA¥E™, = 3}3HE-<l

endosulfan®t} E% F AFAol Ao AV ¥vk(Kullman and
Matsumura, 1996; Umweltbundesamt, 2004). Endosulfan< <72
7oA 714838 1™, endosulfan diol ¥ A %2] endosulfan ether,
hydroxyether, lactone &9 & FTiHAitEo] A= Ao=m d#A
A HKullman and Matsumura, 1996; Umweltbundesamt, 2004).
Endosulfan®] A &34 Esjol tiste] B 57k BuEa glom,
theksk Ao 9 HaEE Aoz g 9QrH(Sutherland et al.,
2000; Hussain et al, 2007). Lee s(2003)2 Anabaena sp.”}
endosulfans &35l endosulfans endosulfan sulfate?} <# A%
e EAS AT B, Awasthi 5(2003)2  Bacillus
strain.®] endosulfan$: endosulfan diol?} endosulfan lactonel.Z &
gttt B uskgith d7]4 5 (2003)2  Surtherland  5(2002)
Mycobacterium  strain.?}, Klebsiella  pneumoniae . KE-19]
endosulfan sulfateE AJ4doF+] 23l endosulfans wEafstttar R s}
dom, A7IY F(2005) Klebsiella oxytoca KE-8°] endosulfan
sulfateE F3fstttar B askth Lee 5(2006)2 Pseudomonas sp.
KS-2P¢] 9]&ll, Bhalerao 5(2007)2 Aspergillus nigerel] 2]3|
endosulfan % endosulfan sulfate’} Fal€tta Hisiglon, Axjs
5(2008)2 Bacillus sp. E64-27} endosulfane endosulfan diol®

ettty Rasigled, dHtdozr B3 FoAE  endosulfan



sulfate’} =8 ARtz AAE7] wied ZA7F Hal ATHNRA,

al
1998; Umweltbundesamt, 2004). Endosulfan sulfate™= % +3%09]

(fungDoll leix @ ¥m = 31%=12 endosulfany}t H]523 SAS 7F
AW EY T AR o =2 Ao® deA o] EA47F "rhRao
et al., 1980; NRA, 1998; Umweltbundesamt, 2004; 2AAZE <],
2008; z=7tH, 2010). 7oA mAE 93t endosulfane] &2 A}
4 ®= % Fig. 2.29F Zth
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Cl Cl

Cl
Cl Cl Cl CH2
s — s s — s ?
o O=35=0 —g=o
| 1 |

Endosulfan Endosulfan sulfate Endosulfan hemisulfate
Cl Cl
< CH20H cl H2
OCH
a CH20H a 'CHa <
| | |
Endosulfan diol Endosulfan monoaldehid Endosulfan lechol
& a H\ /OH a ? cl cn)
cl CH2 d c <l C < C\
\ \ QY 4 .
/O / CH / CH
al Cha al CH al . a 5
| i | ! oH
Endosulfan ether Endosulfan hydroxyether Endosulfan lactone Endosulfan
hydroxycarboxylate

Fig. 2.2. Metabolic pathways of endosulfan (Gorbach and Henke, 1968; Dorough et
al., 1978; Sutherland et al., 2002a; Sutherland et al., 2002b; Awasthi et al., 2003;
Lee et al.,, 2003; Siddique et al.,, 2003; Walse et al., 2003; Kwon et al., 2005;
Kumar et al., 2006; Lee et al., 2006; Weir et al., 2006; Hussein et al., 2007).
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2.2.4. =4 (Toxicity)

Endosulfan®] Afghel] digk 47 A4 H Wby XA 7~121 mg/Al5
kg, ¥ HFol o3 WF XA FEE 13~36 mg/m’E, ¥ 5S4
7FA) AL JEHATSDR, 1993; PAN AP, http://www.panap.net). 2 4
A, 54, 9 AF T AR A v S5EH, f4A dAE dojy
3 oajEET Fof & 79 vk WMo 90% AHErb wjdEY, oF
10%°] %= SFold AR Tl FHEHHIAD 9], 1996).
Endosulfan® T=5%W #oidls, AAA 3] A=, w524 Ad, Ad
Y, EEHA, I, 5, 8% 59 S-S vEhd, 22 ¢
TR QA3 AgelZbA clEE Alwm dEA AT 9,
2004; ®H71% 9, 2008; F=AEHTHI], 2010; Beauvais et al.,
2010; Silva and’ Beauvais, 2010; Silva and Carr, 2010).
HASEA BN ofyzt REA =4 o7k Held A o

=

Ast, &7] o], A2 5Al(gonadal toxicity), 3

Endosulfan< &
), 972, WY
= A (genotoxicity), 217 =X (neurotoxicity) 5= 2 F A= Ao
2 Buyol Jdh(Chaudhuri et al., 1999; Usha and Harikrishnan,
2004). ®3+ 1 ppb~1 ppm®| §%=olA Q7o A FAay B R
=2=2H& Fgtte AF7E A tiUsha-and Harikrishnan, 2004; 7173
= 2], 2004; ¥7]1% €], 2008).

Endosulfan 53] T4 A =4do] Fof A=Y 71d, F
st& Ak, HAF 59 EAE oF718 (Guerin, 1999; Guerin, 2001;
Feks 9], 2004; Table 2.4.), Y A(Cyprinus carpio LINNAEUS)®]
&k 96A17F WA AL FE(LCs0)E 7.96 ppb, LCi0& 4.49 ppb=E o}
T AT RS BdteE AT A3 kel e 9 1994). 1969
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-

d =Ado A 30 kg9l endosulfan®] RheinZtol WEH o] & =
S WA oY, 1995 "] =2 endosulfanl® 0. 9FH H3ro
H 5 =57 ddste] 9 Y of /o dAska

t}(Usha and Harikrishnan, 2004).

dlo

4z
rir
s
=
_fl_,
x2

Table 2.4. Overview of acute toxicity of key endosulfan compounds?
(Guerin, 2001)

Toxicity LDso (mg/kg)

Compound
Insect Fish Bird Mammal
0.001~0.0
a-Endosulfan 9.5 1 26~100 9.4~40
0.001~0.0
B-Endosulfan 9.0 1 26~100 177
Endosulfan 0.001~0.0
9.5 o 8~76
sulfate it
Endosulfan diol >500 1~10 B >1,500

? Summarized form literature (Guerin, 1993; Anonymous, 1998).
> The lower lethal dose, i.e. LDso value, the higher toxicity.
¢ - indicates that there was no data available.
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2.3. Endosulfane] AJAF 2 A&

Endosulfan 19561 7idel o=  AAHeR At 3 AR5
olgktt. dA endosulfane WaetdlAl, BFuo], A, Ik, Q1A
of, w7|xw, dejd, 2EFTh H= o yehelA AatEa glow
(Usha and Harikrishnan, 2004; PAN AP, http://www.panap.net), 73
Zhxe, dez, E7F Aol B4, Fed, FEH|ol, FrEYol, Hhy

FAE, e, Jte=, Abg-tioten|o}, ofgt onglE, A #TL
7|2, vEdg=, 2999 T2 vebelA Abgo] ExEdoH, et
A, =vrlet, gh=r, Bf=r, A, divka, de9=, =, DA, g
Alot, =2 de], MEn|ol, FpAE A o] R Sl =y

7hest=, 25k, gl ololewt=, AFQl, olg o), ZFA T
I, 57 5 W A7bdA Ao R AL8-H 3 g)tH(Hoechst, 1991;
IRPTC, 1993; PRC, 1994; Usha and Harikrishnan, 2004; PAN AP,
http://www.panap.net).

ST A ega | vpelxe] R Hold dxike, 4
setoldl, G A, sokaw, Agkstst G AA A 5 Bt
A rAl(endosulfan30%) /B Al (endosulfan 3%) &2 Fej= Bikd
. T2 gAolA], AAMILPT, chuktul, guljule] Al =2 o] &
], A= 40 mL/E 20 Lo =& SMstel 1dd] 23] ofu], &4
£ 1,000 m° & 3~6 kg 1d 13] |2 ALgG SAdo] A3 wof

olmE Al FUTIEAE Aol AAGH: HorbIAES

off

|rt

A
e
Ho
H
rir

5 oF

=
iR
>
off
~ 1.?4
:%
2
o,
AL

3 Qo] ANetE BoRHAALEALES We
BTl AT 4 gom, 55 oS40 wop A%AL ¥

o FEow §EHY] Ae FaolAe ALge FAH AT



®3 3], 2010).

Syt A= 20049 A& AE S AREo] A ESoM, 20084
Fefsteted e ygol & £, Az, B, AHECsoForAo AL
A FAELR G- H I vk F o oFEhd A, 2008).
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EAl7]+= 7]l 24 (Alexander, 1999), (1) At H o2 o HEH
o] As = A& EUYHEY = WY (natural attenuation), (2) EZ
nAEe] A4S QE FUHEQ AL, B B dYAEFE dA 9 F

n g G40 E9E)E FYsk= #W(biostimulation), (3) 54 L 9E

(Kapley et al., 1999). A& ol EAlst+ G =L 2] a2 A
&, 83x7, EA BAE I 24 oF 58 2892 A3 7
AEo Fiol wet Biald e ook A=7F AdHT

RESH A3 e XA L9=4d9 Asirt 7HEsly, A
ol oH¥AY W= WS dAsfeE  AH&o] THsSHEPA,
http://www.epa.gov/). 22 L@EAe] A Tlsdo] AL WAE]
AL 242 o] &3lu® P AEHAE A YA GE A
W] Hlste] Hgo] HA T A8 W@ (Pritchard et al., 1992; Atlas,
1999; Jacques et al.,, 2008; Gerhardt-etal., 2009; Xu and Lu,
2010; EPA, clean up information, http://clu-in.org; Table 1.2). ®WFH,
wof-shehA Ay el wlal] g3t AlZko]l @] Hesta, & =
o] Aol A2E 7l el agHY, FA4o AuA
Al HA] e Lol A835H7] offuh. B3 28 A==

3 B GHY Hsaol Qo] Bl Rarmel dsd §T 24

%
to

)
o
)
e o L l'U'{U

1l

X

_IC_>|_
}‘

—|—‘
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23} (Swannel et al., 1996).

Table 2.5. Comparison of available technologies for pesticides

(EPA, Clean up information, http://clu—in.org)

Technolo Cost range Tret?;ln;ent Treatable Removal
gy (per yd®)? (months)” media * efficiency *
Low temperature soil, sludge,
thermal $100 to 0.75 and 82% to
i $ 400 ) >98%
desorption sediment
soil, sludge,
Incineration $300 to 1 and generally
$1000 2 >99.99%
sediment
soil, sludge,
sediment,
Bioremediation $8.4 to 3'1. and Np to
$192 (ex sitw) 99:8%
groundwate
T
soil, sludge,
~$80 or sediment, : i}
Phytoremediation $60 to No date and >gof7
$ 100/acre groundwate 1
r

? Base on the treatment of-pesticide contaminated media
> Based on treatment-of 1,000yd® of contaminated with various

organic compounds
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3.2. Bioaugmentation

B

Bioaugmentation2 &4 <

M
Ay

of

2ol

il

i)

el

Ho
3

7 3

3}
=

biostimulation¥}

5ol =
¥ 7]% SHH(Ellis et al., 2000). Bioaugmentation<

!

=] A,

]
=

o
=

s}ekEo] A3}, #H7]
(Kim, 2003), ¥ 7

e

delX w714

e
s
B

o[
py

bioreactors Zh-&

-
T

H(Vogel, 1996).

i3

S
=

= ofs) Lot

} 1§

bzt
2

=

o =
- [¢}

3173 o 4] ‘bioremediation

o
HH
]
r

—~
fiTe)

—

&4r

]

o] ¢ltt(Jacques et al., 2008).

43
e As )
g3te] A4, vl

1
R

oF
Nio

ﬁo
B

o

bl

van Elsas and

1986;

AR (Lewis et al.,

18 &3te] Aol e

- T

7_<|

Heijnen, 1990; Akkermans, 1994), &

A A wowm ol

Atz Aogt 4= A tHKim, 2003).
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3.3. Biostimulation

9] Ao F=Z o]g&¥ 1 9 oW, bioaugmentationZ} HWaste] o] LF
71% $HH(Kim, 2003; EPA, http://www.epa.gov/).

gy o] dujAel] A&7 fsiME EF HAEY 5 g9l
ol dasdtH, ¥& = ¥ 24 09EH A 1 =40 dwk EF
nAAES] F2 2 EJf) JFIFE E T o0, ARAHA &= oF
Aol Aslol| = HIFstA] &t (Swannel et al., 1996). T=3F F13k g
A7 EF mj A& o5l o] &EA| il &5 AFoRE &2
glom 1 JUAB o& Asg = A sk So] ¢

= i AE & ¢ (Kim, 2003).
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I 43 As 9 94y
1. A8 A=
1.1. EY AR

AT L) AlEE AREE EY A S endosulfan®] Al
|oAF-E AEte] AR Aol 2 Yed 2 44 EGI dsA §t
T A AHelM AAS AFH St ARESEATHFig. 3.1). Endosulfan
F82 EY TW 10cm e w¥zE Aoz d#lx] oW (NRA,
1998), E59 o7t ZoAdFE 27| wAEe] &4o] dojxunz
EY 19l ol 5~10cme EYS Ala2 AFHSY. AFH ST EYA =
= 79 AE 2 endosulfan®] AL Tl Q) 217 A3 4TColA
1 skt

Fig. 3.1. Map of sampling sites.
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1.2. W< A

ol e H oS g wiA H =44 Table 3.1 3 Zth 9
A4S 9% WA= LB (Luria-Bertani media, Difco., USA) WA &
AREEFAEHFUjii et al, 2000; AAZ ¢, 2008). FalF vlF wix=
YNB (Yeast nitrogen base without amino-acid; Difco., USA) H]#]&
AFESFATE YNB vl A= &2 (carbon source)§lo] A4, vjvd 9
Ao AE FHAawAo]BE | endosulfans T B©AYO R yeast
extract (Difco., USA)E HZx w©Aihdo=z Hrtste] ARSIt
Endosulfan®} yeast extract®] %% 77} 100 ppm¥} 0.5%7} = =%
A7 etk Gl 288 F3IMA| == 100 ppm-endosulfan®t 0.5%
veast extractE 3l YNB 3 mj=(%7] YNB #ix]o] 1.5%2]
S 7h WA E FAS] Abgsilon, wdw Hjk WA=
endosulfan® X7} 100 ppm°] HEE H7}st YNBuIAES AFE3S
tHFujii et al., 2000; A4&E 9], 2007; HPEF ], 2008; A5 9,
2008).

1.3. A} AJ<F

B Ao AFE3F endosulfan (99% purity)® endosulfan sulfate
(99.5% purity) ¥+3%2 Augsburg AHEL)AA FYstF o, st
o 2 EoF A8 2¥(Laboratory-scale model analysis)el]l AFg3h
endosulfan @®74-59 4% A28~ fFA(endosulfan purity 35%)%
TJste] ALgstth. 1 9ol Alge AFEE Al HA89] A9

& Fofstel Ahgasict
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Table 3.1. Composition of media for

isolation of endosulfan—utilizing

bacteria
Media Ingredient ((Iserlrtef)t
Tryptone peptone 10,0 g
LB Bacto-yeast extract 50 g
(Luria-Bertani ~ NaCl 50 g
media) Glucose 1.0 g
Vitamins
Biotin 2 mg
Calcium Pantothenate 400 mg
Folic Acid 2 mg
Inositol 2,000 mg
Niacin 400 mg
p—Aminobenzoic Acid 200 mg
Pyridoxine Hydrochloride 400 mg
Riboflavin 200 mg
YNB Thiamine Hydrochloride 400 mg
(Yeast Compounds Supplying Trace Elements
Nitrogen Base| . Boric Acid 500 mg
without Amino Copper Sulfate 40 mg
Acids) Potassium Iodide 100 mg
Ferric Chloride 200 mg
Managamese Sulfate 400 mg
Sodium:Molybdate 200 mg
Zinc Sulfate 400 mg
Salts
Potassium Phosphate Monobasic 1.0 ¢
Magnesium Sulfate 05 g
Sodium Chloride 0.1 ¢
Calcium Chloride 0.1 ¢
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2. A
2.1. GC/MS® 938 endosulfan A% 24 A 39
2.1.1. Endosulfan ¥4 %4

Endosulfan % endosulfan &34k 45 93l GC/MS (Simazu
GC 2010 plus/Simazu GC-MS 2010)E o]&3}%t}t. E4o = DB-5
column (CBPI-S25-050, I. D. 0.32 mm, 0.25 ym, A 30 m)<S A}&3}
Row, carrier gast w% 99.999%¢ FFHES 1.14 mL/ming] &F%E
ALgELATH A8 FYEE splitless BEMA 250CE SAH3AT. @
E 25+= 100CoA 28-7F X387 300T7HA] 5C/minl. 2 524
7 300Co = & 387 5433tk MSD 542 ion source temp.
200C, quadrupole temp. 220C oA A= #£24 Al Selective ion
monitoring (SIM) BE=2, AA FA Al Full scan (SCAN) == =4

A th AlEE 1.0 ulL® FYstet(Table 3.2).

EY <+ endosulfan #Fi244S 918l endosulfan % endosulfan
sulfate T &4 S n-hexanel & 3}Alslo] Aekr Ao FQ sl thek
=
[e)

Lo FF89e GC/MS=E =4
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R FA AdWo 3l endosulfan ¥ endosulfan sulfate®] 3]

TE& =AHEL  2AAsEYtE. Endosulfan®] AFEEA] e FAA9

1o
to,
5
fitlo
flo
||V
o
p‘L
38
=
off
rhu
™
ool
9.&
—
©
©
o
BN
=l
jak
[\l
(@]
—
=
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Table 3.2. GC/MS operating conditions for endosulfan analysis

GC/MS Simazu GC 2010 plus / Simazu GC-MS 2010

DB-5 (CBP1-S25-050)

Column (Length 30 m X L D. 0.32 mm, Film thickness
0.25 pym)
Injector Splitless mode, 250TC
Injection
1ul
volume
Carrier gas He, 1.14 mL/min

100C for 2 min
100-300C at 5C/min
300C for 3+min

Oven temp.

program

Total running

) 45 min
time
[on' source i
2007TC
temp.
tadrupol
Chagrgree 920G
temp:
Detection

Full scan (SCAN)
Qualitative scan ion m/z : 50-500,
scan speed : 1000

Selective ion monitoring (SIM)

Quantitative Ref. ion m/z : 241, 207, 195
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2.2. E¥ A8 % endosulfan &

EY NS 5 endosulfan® 7S 574517] 918l n-hexaneS =
endosulfans &vj FE383t EYAIE 5 gol 10 mL2] n-hexanes
7bate] 16413 St Y F&3 §, 12,000 rpmo & 1%3F 44 #¢
sto] A (n-hexanes)s 0.20 um Cellulose Acetate filter2 ZE

4 3o GC/MSE =43 th(A8Y <, 2003; A&7 <], 2008).
2.3. A2 w%e £3 endosulfan E37¢ #
2.3.1. Endosulfan #3aljvr2] njoF

Endosulfan &2+ &2 E 9 J2 wds A8tk w9 &4d&
A& 250 mL A4gZEt2~adA Z2As LB #lAL. 100 mLol B¢ A=
10¢E 718} 30CAA 120 rpmlZ 5 HoF e njofst = & 4]
T ESE BAAA T AT e AR ST 7 A8 10 mLE
100 ppm endosulfan®} 0.5% yeast extract= <F
Fshed 25T, 120 rpmo = AT 3+ WG wj st
Ak x4 A} wiAel T.ml A AFote] Fe U2 AT 1 ¢
vl Fetalet. o] mjgelE 27} 0.85% NaCl 8910 =
3] A (serial dilution)stlck. o] ¥ @A #+ FE f3l 100ppm
endosulfan®} 0.5% yeast extractE H7}sF YNB 3kl H3 njj x|
0.1 mL & =23 § 25T wjgste] ¢ F2UE S8t &

2 1F& 100 ppm endosulfang H 713k 1/10 LB viAo] HZ3st] 25T,

120 rpmell A A5 o] ¥ wigstal A endosulfans 78Tk
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CHFig. 3.2) (Siddique et al., 2003; Kumar et al.,, 2007; A9 E 9],
2008; A1A5 <], 2008).

2.3.2. Endosulfan &=

Hjek wjA|o] WEEE endosulfang FE5FATE WY WIAS 1 mL
A H3 F % wje] n-hexanes 7}ate] 3% b vortex mixer® XE
sttt ol &8 Eeld o b4 At BAAIA n-hexanes & 0.20
pm Cellulose Acetate filter2 ZEH 3 GC/MS A&Z2 3 THAM

g 9], 2003; AGE 9, 2007; HFE <], 2008).

i}

2.3.3. Endosulfan 342 &£¢

Endosulfans &gl 2 sF& wjA]oA el 2l kS T v

gdd #FE 25k} o] 5 A4 o2 endosulfane] o] ol

e
p~
i
it
i

3kt 23 =41 9] H|S38 endosulfan sulfateZ= 44 314

%= 5 F endosulfang] Edfso] 7B HolWt #5E endosulfan
A
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>

Brrchiiant sl ( Cultured in media containing 100 ppm )

endosulfan at 25°C for a week

transfer

GC analysis of
supernatant

Isolation of colony 2
(by serial dilution-agar plating procedure)

v

| Isolation of colony | |

Twice transfer to agar plate 2

GC analysis ©

-

D

a, Bacteria was cultured on YNB agar plate containing 100ppm Endesulfan
b, Bacteria was cultured on YNB  containing 100ppm Endosulfan was determined by GC

Fig. 3.2 Procedures for the isolation of endosulfan-degrading bacteria
(Kim et al., 2007; Kim et all, 2008).
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2.4. Endosulfan 3|79 A
2.4.1. Endosulfan #38f+2] A3tsts E4 U A

Endosulfan &3l 2|3l Asets 54 HAAF 2 54LS 98 4
oS % 94 & 1 A3t we) Vitek Gram negative identification
o

card (GNI+)E o] &3} FAE AAES TS 9], 2006).
2.4.2. 16S rDNAE 53} endosulfan 3+ 2 54

wES LB wix oA & w5t wl g $ Chromesomal DNAE F&
2 GAstAhBerns and Thomas, 1965). 16S rDNAE 5%37] ¢
ate] 5'-GTTTGGAT
CCTGGCTCAG-3' (27F) primer, 5-AAGGAGGGGATCCAGCC-3'
(1492R) primer - (TAKARA, Japan)& AR&skItHDunbar et al.,
2000). PCR (Plymerase chain reaction) B8 ZAl2 DNA template
o 27F primer, '1492R" primer; 10Xbuffer, 10 mM dNTP mixture,
5X band (5XBD), EF-Tag polymerase® #7}sto] &.50uLe] &&=
2 FYih. T3 WESNL 94 TolA] 24kE HAAIFT. olE 5
2T A 287F annealingdt & 72CollA] 2%7F polymerization A% t}.
AL 94Coll A 23, 60Tl 2+, 72CollA 2329 cycles 203 W
sto] Alggstgity. PCR A9 714 E 2782 GBioneerol] ¢35}
AAEkder. A7 Ee] AEsAd HA2 Ribosomal  database

(http://www.ncbi.nlm.nih.gov/BLAST)& &3}o] A A5t

ol
_‘_,

_34_



2.5. Endosulfan #3379 &3 E4

2.5.1. Endosulfan &%= w}& F3f

olr

wElg 759 endosulfan 3 FHAE LolER7] H& s=7F A2

10, 20, 50, 100, 200, 500, 1000 ppm®| endosulfan< &3t YNB

xS ZASGIT 1§ RS JAEste] 25T, 120 rpmollA IA®
w kst wiA] o] =3k endosulfang AZPEE sl

2.5.2. Rz 8429 %o W endosulfan 3%
BHZ 8299 Lo w2 endosulfan #8] AEZ olR7] 93

endosulfane F BAYOE yeast extractE: HZF Eirgdow 3=
YNB HiAE ZA 55t Endosulfan® ' %+ 100 ppm, yeast
extract? %+ Z2H7} 0%, 0.01%, 0.05%, 0.1%, 0.05%7} ¥ =& =
ZFetdnk. Z42ke] iAol s ASske] 256C, 120 rpmellA | 3%
s FatmA AZkel] W= endosulfan®] tFEEe S R vk

2.5.3. Endosulfan #38f#dl <3t pH =3}

Endosulfan F&j¢ol ¢k pH W3S ZAFsH7] 93] endosulfan 100

ppm< 8 YNBUIA (pH 5.4£0.05)°] #el+t& HE3te] 25T, 120
rpmell A A7 kb A vk iAo pHHsE S8l

_35_



2.5.4. EYA2  endosulfan 3] EA(Laboratory-scale model

analysis)

EFoAe #29 endosulfan w#3dls 2
oAw g AAE AAeF=A dotr 7] fa EY A AT EY
Ao AFES EGS 2 A9 ESS 2 mm AE FIHAIA 100 g
A Apgsit AT 53 2 B vAdE e 44 o e iy
ato] zhzh Hat B S (Group A% HE+ EY 7(Group B)E W
Rom, 747to] E4S endosulfan® F%7F 77t 50, 100, 200, 500

ppm©] HEZE QAAZTH EUS 110T, 157]¢oA] 30% =<¢F 11
™

ul

fl

ARG TS T
3} endosulfan 3+ BIYNS 20 mL A FYdFA o, FARSE =4
= A5 A8 dETEHS s 2S G Had
A2 7bakeith. a-endosulfan® A$ S71¢ke] 4.0x107" Pa® 34
o] Zale] Bk FoA we] AAEHE FE&ES Ho| = E (Guerin, 2001),
3ato] 9]gt ZHF endosulfan &=L 2
PTE AYIZ2EAE o] §dto] It EF 43 FAl= 25CA &
FHA EY Fo] ZH3E endosulfan. LopH W= A5
(Fig. 3.3).

B AFFo|re  endosulfan FELS EY 5 g&  AFHFH

n-hexane 10 mLE 7}3F 3 16A17F & gste] 30%7F HAlE

=

2

off

T n-hexane=< 0.20 pm Cellulose Acetate filter2 ZE ¥ 39 cH(H
& 9, 2007 AYEE 9, 2008). AF R A T4 GC/MSE o] &

sto] Table 3.29 o= 3¢l om, pHe mlg F8 A5 5 g
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T 25 mLE 7Fete] 303t JBAIA 1A1ZE o] WA § AT
S

F m
fAAFoR S4ssT,

= -

Fig. 3.3 Laboratory-scale model analysis of bioaugmentation of

endosulfan in soil by the isolated bacterium. o

- ——— a1
T m - .
R i i

1) =8%9 33k (http://www.niast.co.kr/environment/)
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2.5.5. Ea 1ol 93t endosulfan &34 = ¥4

N}
A

2]t endosulfan #3112 endosulfan FaitE 57 3 A=

= BEAs7] Y B+ vl iAo A endosulfan % endosulfan ¥
& AES FE35lo] GC/MSE A5ty on, BA 3 A7k WE peak
HA o] =7lE HQ peakol WSt endosulfan &3] AFE9] ion

spectrum} thFslo] A3

B
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v. 2% 4 n&
1. GC/MS9l 93 endosulfan FFEA =74 &7

1.1. GC/MS9] 93 endosulfan EFEZ AZH A

GC/MSell ©]gt endosulfan®] BEEA s FHsIUH. e AR
9] endosulfan ¥ endosulfan &3l 4AHE9] JFEA2 GC/MS (Simazu
GC 2010 plus/Simazu GC-MS 2010)& ©]|&3}le] Table 3.29] =712
2 AAsglen,  endosulfan standard (10 ppm) peak: Fig. 4.1¢,
B HEALE Fig. 4.29 YEFAAT
Agde 5% AAd4s Jelen], R*9 g2 a-endosulfano]
.0000, B-endosulfan®] 0.9999& ¥ JHAAE HT)

E A8E o4 endosulfan FE°] wE ZF3A Wl U &

=1
T % p-hexanel & 1~1004] 3]A3&}o] 418}t

—
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162,433

g-endosulfan

26934

10136

B-endozulfan

TIC*1.00

Fig. 4.1. Standard peak of a and B-endosulfan (10 ppm) by GC/MS

analysis. x-axis is.time (min) and'y-axis is TIC of ion.
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250000

200000 + y=18586x- 19270
R*=1

150000

FPeak area

100000

0000

] 2 5
a-endosulfan (pg/mL)

(a) Standard curve for a—endosulfan.

250000

200000 |
y=15448x- 16304
150000 R# = 0.9899

Peak area

100000

0000

B-endosulfan {pg/mL)

(b) Standard curve for B-endosulfan.

Fig. 4.2 Standard curve for a-endosulfan (a) and B-endosulfan (b)
by GC/MS analysis.
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1.2. 3l+&

A

&

a-endosulfan, B-endosulfan ¥ endosulfan sulfate®] 3|48 A3
A3} Table 4.17 2t}

i EA e slaa B WolAlge ’fle yet e vt 2w
A vEy, Yyt A s 70~130%, WelAlF(CV,
Coefficient of variation (%), E=HXHSD)/3]F&<100) 10%, 7
Z3A(LOD, Limit of detection) 0.005 mg/kgo.2 “gste] st
ATHCEEZSH, 1992).

© A3 Aed dHd S HA 87.727%F H il 108.163%°]
w Wol Al gk L3 2.446~14.069%2 3FE 7= HY WE e

2.
2 ARl 5Tk
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Table 4.1. Recovery of endosulfan and endosulfan sulfate

Fortification

Recoveries (%)

Chemical
(ppm) Sample  Sample  Sample " D
1 9 3 mean = CV
0.05 88.763 100.011 74.408 87.727 £+ 10.122
a—endosulfan
0.25 99.702 116.367 108.421 108.163 £ 5.215
0.05 97.586 85.729 108.902  97.406 £ 7.992
B-endosulfan
0.25 80.092 99.691 104.162 94.648 = 10.523
0.05 75.142 108.263  84.785 89.397 £ 14.069
Endosulfan
sulfate 0.25 91.838 95766 « 89.526. 92.377 * 2.446

Y CV (Coefficient of variation, %) =

> 100

Standard Deviation (SD)/average
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+ -

= HAZ7FA endosulfan®] AFEH AL, A HEEZF Q] Alg o7 9]

A

o

S 9ko] endosulfan®] AEH AW (Table 4.2),

b |

2 FoE
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Table 4.2. Background residues of endosulfan in soil samples

Residues of endosulfan (ppm)

Sigldpele Site Cultivation
a [§] Sulfate  Total
K1 Gyeongbuk 2498 1.741 1.315 5554  Orchard
(Gujube)
K2 Gyeongbuk 1.663 1.362 1.800 4.825  Orchard
(Gujube)
K3 Gyeongbuk 1.690 1.444 1.054 4.188  Orchard
(jujube)
K 4 Busan 0.756 0492 0.062 1.320  ~ecaside
sediment
K 5 Busan 0452 0.108 0.125 0685  >Scaside
sediment
N1 Gyeongbuk ~1.865 " 0.957 0546/ 3.36g~ Orchard
Gujube)
N 2  Gyeonfblik™ 1680 25028 0052 4.534 # #Oxhard
Gujube)
S1 Busan 2.471 1.245 0.962 4.678 Field
S 2 Busan 3518 1.794 | 0.042  5.349 Field
S 3 Busan 0.954%, 0,517 BRIM80 4 2.951 Field
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A AQFHG EY E AE Al5E5 100 ppmel endosulfang $H7-3F YNB
FHavfAol A 153 A 3%k AdE AXH vl skdv. 1 $ 100
ppm endosulfan®] ¥ A3 X](YNB/endosulfan agar) 7ol 4
i Fste] 32719 @ FRYE Ededith et ¢d FrY 325
S Tl 100 ppm endosulfane] #7Fg YNB #jA]o] HFske] 25T
A 7Y ol wgst §, o HjFde]| ZbESk -endosulfan®] g
endosulfan #+342HES GC/MS=E 413131 th. Endosulfang] &3l4HE

3}l endosulfan sulfate= R 33HEQ] endosulfan®} =AJo] H

o] '] 3= =, endosulfan®d #|A o] $-F3fcfar FHot

ol
ol
=
2
i
oX

F F B EE endosulfan 'diolS dAsE K-1321

Ml ol
gy
&
1o
M
N

N

£ endosulfan 3o 2 Awsl th(Table 4.3).
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Table 4.3 Endosulfan dissipation ratio in YNB medium by strains

isolated from enrichment culture

Strain Remaining Degradation Strain Remaining Degradation
No. rate (%) product No. rate (%) product
K-1120 46.4 endosulfan S-120 104.3 N. D.
sulfate
K-1131 91.5 N. D. S-131 107.0 N. D.
K-1132 92.8 N. D. S-132 129.4 N. D.
K 1220 98.0 N. D. S-220 120.8 N. D.
endosulfan
K-1321 19.8 p S-321 113.2 N. D.
diol
K-1322 94.8 N..D. S-322 85.2 N. D.
endosulfan
K-1331 564 . S=83 1 T N. D.
diol
K-1332 43.6 end R AIESINEE o 85.3 N.-D.
sulfate
K-2120 31.2 end ARSI 1 75.7 engitiign
diol sulfate
K-2130 347 endosulfan N-1131 78 8 endosulfan
sulfate sulfate
K-2220 89.0 Nl N-1132 98.2 N. D.
K-2321 72.3 entesuligy \ i B8 103.3 N. D.
sulfate
K-2322 402 endosulfan | 139, 83.2 N. D.
sulfate
K-2331 30.1 e“dgifllfan N-1322 84.5 N. D.
K-2332 637 endosulfan | 1557 477 N. D.
sulfate
K-2333 70.5 endosulfan |39 90.0 N. D.
sulfate
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3.2. Endosulfan #3779 A
3.2.1. Endosulfan 32| Alees 44

Endosulfan 3 &3%7F 7Fg -3 #59 K-13212 LB
& v e| A 37C wlg Al F 2443
&

3 22Y dHE e 24

|

S

O

grol A% 1 mm 7be] w4 4

s

d

1
#2 3% 94 A9 2% 240l
Qlom, dejety vkt e w

= A cH(Fig. 4.3).

Fig 4.3. Microscopic morphology of K-1321 strain.
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3.2.2. Endosulfan &3+ A 3ets &4

el wF K-13219 Age3 542 BioMerieux Vitek Gram
negative identification card(GNI+)& AF&3tth. #=5S I8 S+
574 7}=, software M7 R 10.01 (BioMerieux, USA)<S A}83l4] &
Aot on, AIE Bergey's Manual of Systematic Bacteriology

Vol. 2 (15) ol wa} &1 tHTable 4.4).

_49_



Table 4.4 Biochemical properties of the isolated bacterium K-1321
strain.
Medium .
o Principal component Result
Abbreviation
DP3 2,2,4*-Trichloro-2'-Hydroxydiphenylether +
OFG glucose +
GC Tryptophan +
ACE Acetamide -
ESC Exculin +
PLI Indoxyl-B-D-Glucoside +
URE Urea -
CIT Citrate +
MAL Malonate -
TDA Tryptophan -
PXB Polymyxin B +
LAC Lactose -
MLT Maltose +
MAN Mannitol +
XYL Xylose -
RAF Raffinos -
SOR Sorbitol -
SUC Sucrose +
INO Inositol +
ADO Adonitol +
COU p—coumaric +
H2S Sedium Thiosulfate, Lactate, Ferrous Sulfate -
ONP O-Nitrophenyl=B-D-Galactopyranoside -
RHA Rhamanose -
ARA L-Arabinose -
GLU glucose +
ARG Arginine -
LYS Lysine +
ORN Ornithine +
OXI Oxidase -
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3.2.3. 16S rDNA 97| g 2149

PCRE E3] ZZA17] 16S rDNA W] PCR AHE9] 97449 AA
2  @Bioneere] 9]F3ste] AAETE FAUIAME FEdel HALS

Ribosomal database (http:// www.ncbi.nlm.nih.gov/BLAST/)E &3}
AAEAer B4 Ay, 2w K 13212 Proteobacteria &; Gramma
Proteobacteria 7 Enterobacteriales *5; Enterobacteriaceae };
Serratia &) o= ZAOoRE UEWU. W3k Serratia marcescens
KRED % Serratia nematodiphila DZ0503SBS13} 96%, Serratia
marcescens DSM 301213 95%9] d-s/dS WER A Table 4.5).
o] A2 Ea HA2® K-1321 #5% Serratia sp. o £38h= o
o &2 kst th(Fig. 4.4).

o] e] Ayt 4 16S rDNA A7|AE 4]

A
7 K-13214% Serratia sp. & sAsta =5 +E 2333
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Table 4.5 16S rDNA partial sequence (1420 bp) and identification of
the isolated strain K-1321 by homology search based on 16S rDNA

1 ATGCAAGTCG AGCGGTAGCA CAGGGGAGCT TGCTCCCTGG GTGACGAGCG GCGGACGGGT 60
61 GAGTAATGTC TGGGAAACTG CCTGATGGAG GGGGATAACT ACTGGAAACG GTAGCTAATA 120
121 CCGCATAACG TCGCAAGACC AAAGAGGGGG ACCTTCGGGC CTCTTGCCAT CAGATGTGCC 180
181 CAGATGGGAT TAGCTAGTAG GTGGGGTAAT GGCTCACCTA GGCGACGATC CCTAGCTGGT 240
241 CTGAGAGGAT GACCAGCCAC ACTGGAACTG AGACACGGTC CAGACTCCTA CGGGAGGCAG 300
301 CAGTGGGGAA TATTGCACAA TGGGCGCAAG CCTGATGCAG CCATGCCGCG TGTGTGAAGA 360
361 AGGCCTTCGG GTTGTAAAGC ACTTTCAGCG AGGAGGAAGG TGGTGAGCTT AAATACGTTC 420
421 ATCAATTGAC GTTACTCGCA GAAGAAGCAC CCGGCTAACT CCGTGCCAGC AGCCGCGGTA 480
481 ATACGGAGGG TGCAAGCGTT AATCGGAAAT TACTGGGCGT AAAGCGCACG CAGGCGGTTT 540
541 GTTAAGTCAG ATGTGAAATC CCCGGGCTCA ACCTGGGAAC TGCATTTGAA ACTGGCAAGC 600
601 TAGAGTCTCG TAGAGGGGGG TAGAATTCCA GGTGTAGCGG TGAAATGCGT AGAGATCTIGG 660
661 AGGAATACCG GTGGCGAAGG CGGCCCCCTG GACGAAGACT GACGCTCAGG TGCGAAAGCG 720
721 TGGGGAGCAA ACAGGATTAG ATACCCTGGT AGTCCACGCT GTAAACGATG.TCGATTTGGA 780
481 GGTTGTGCCC TTGAGGCGTG.GCTTCCGGAG CTAACGCGTT AAATCGACCG CCTGGGGAGT 840
841 ACGGCCGCAA GGTTAAAACT CAAATGAATT GACGGGGGCC CGCACAAGCG GTGGAGCATG 900
901 TGGTTTAATT CGATGCAACG CGAAGAACCT CACCTACTCT TGACATCCAG AGAACTTAGC - 960
961 AGAGATGCTT TGGTGCCTTC GGGAACTCTG AGACAGGTGC TGCATGGCTG TCGTCAGCTC 1020
1021 GTGTTGTGAA ATGTTGGGTT AAGTCCCGCA ACGAGCGCAA CCCTTATCCT TTGTTGCCAG 1080
1081 CGGTTCGGCC GGGAACTCAA AGGAGACTGC CAGTGATAAA CTGGAGGAAG GTGGGGATGA 1140
1141 CGTCAAGTCA TCATGGCCCT TACGAGTAGG GCTACACACG TGCTACAATG GCGTATACAA 1200
1201 AGAGAAGCGA CCTCGCGAGA GCAAGCGGAC CTCATAAAGT ACGTCGTAGT CCGGATTGGA 1260
1261 GTCTGCAACT CGACTCCATG AAGTCGGAAT CGCTAGTAAT CGTAGATCAG AATGCTACGG 1320
1321 TGAATACGTT CCCGGGCCTT GTACACACCG CCCGTCACAC CATGGGAGTG GGTTGCAAAA 1380
1381 GAAGTAGGTA GCTTAACCTC GGGAGGGCGC TTACCACTTT 1420

Reference  (accession no.) Identity (%)
Serratia marcescens KRED. (ABO61685) 96
Serratia nematodiphila-DZ0503SBS1 (EU036987) 96
Serratia marcescens DSM 30121 (AJ233431) 95
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64

30

£| Kluyvera georgiona ATCC 51603 AF047186
16 Pantoea dispersa LMG2603 DQ504305
{Raouff&”a planticolo ATCC 33531T AF129443
78 Raoultella ornithinolytica CIP 103 364 U78182
Enterobacter aerogenes JCM 1235 AB0O04750
Kluyvera cryocrescens ATCC33435 AF310218
38 Citrobacter freundii DSM 30039 AJZ332408

Klebsiella pneumoniae ATCC13884T Y17657

Serratio ureilytica NiVa 51 AJ854062

Cedecena davisae DSM 4568 AF493976

Pectobacterium carotoverum LMG 17566-T AJ223407

31— Serratia marcescens KRED ABO61685

{
L Serratia marcescens DSM 30121 AJ233431

78| Serratia nematodiphila DZ05035B51 EU036987

—Serratiasp. K-1321

24

26

Serratia rubidoea ICM 1240 ABOD4751

34

0.002

Serratio adorifera DSM 4582 A1233432

495|:5€rmﬁaﬁcan’a DSM 4569 AJ233428

Serratio entomophila DSM 12358 AJ233427

61 ﬂﬁap@murﬁic& DSM 4540 A1233433
93 Serratia grimesii DSM30063 AJ233430

Fig. 4.4. Phylogenetic tree of Serratia sp. K-1321.
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4. Endosulfan #3792 £33 EA

4.1. Endosulfans =9 & £3f%

ek vl A oA endosulfan®] =% wWE B K-13219 3%
=243k th. 1 Z23 endosulfan®] %7] %7} 10 ppm<] vix¢] A9,
B 45 "kl 100% Ea &R o™, 20 ppm % 50 ppme endosulfan

S SH3k wiR| o] A= ZHzF 57 2 657 Wl endosulfan©] 100%

filo

BaE At 7] % 100 ppm 2 200 ppme endosulfans a-G-3F

, B T Fk A7 oF 82%, 65%2] endosulfan el&
).

500 ppme 2L EToATE BIEmsl s s
j52 wolch 1t 1,000 ppm o8] W e
1=]

3l 5k, X8kl Bh(Fig. 4.5).
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Relative remaining rate of endosulfan (%)

Time (weeks)

(a) Biodegradation of endosulfan in YNB
medium containing 10 ppm endosulfan.
O-0, control (no inoculation); @-@,
K-1321.

120

100

80

60 -

40

20

Relative remaining rate of endosulfan (%)

Time (weeks)
(c) Biodegradation“of endosulfan in
YNB medium containing™ 50+ ppm
endosulfan. O-0O, control «no
inoculation); @-@, K-1321.

Relative remaining rate of endosulfan (%)

Time (weeks)
(b) Biodegradation of endosulfan in
YNB medium containing 20 ppm
endosulfan. O-0, control (no
inoculation); @-@, K-1321.

Relative remaining rate of endosulfan (%)

Time (weeks)

(d) Biodegradation of endosulfan in
YNB medium~ containing” 100 ppm
endosulfan. ~ O-0O,~ control (no
inoculation); @-@, K-1321.

Fig. 4.5. Effect of endosulfan concentration on the degradation efficacy
of endosulfan—-degrading K-1321 strain. After inoculation, cells were
cultivated at 25 C in YNB medium containing 10 ppm (a), 20 ppm (b),
50 ppm (c), 100 ppm (d), 200 ppm (e), 500 ppm (f), 1,000 ppm (g)

endosulfan.
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Relative remaining rate of endosulfan (%)

Time (weeks)

(e) Biodegradation of endosulfan in YNB
medium containing 200 ppm endosulfan.
O-0, control (no inoculation); @-@,
K-1321.

Relative remaining rate of endosulfan (%)

Time (weeks)

(g) Biodegradation oft endosulfan in YNB
containing 1,000 ppm
endosulfan. O-0, control (no
inoculation); @-@, K-1321.

medium

120

100

80

60 -

40

20

Relative remaining rate of endosulfan (%)

Time (weeks)
(f) Biodegradation of endosulfan in YNB
medium containing 500 ppm endosulfan.
O-0, control (no inoculation); @-@,
Kemlngoidel-.

Fig. 4.5. Effect of endosulfan concentration on the degradation efficacy

of endosulfan-degrading K-1321 strain. After inoculation,

cells were

cultivated at 25 C in YNB medium containing 10 ppm (a), 20 ppm (b),
50 ppm (c), 100 ppm (d), 200 ppm (e), 500 ppm (f), 1,000 ppm (g)

endosulfan. (Continue)
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4.2 RZ 8429 FXd @& endosulfan &3%

Hx ®4

(o,

9] %o wWE endosulfan 3T =AHsAT. 100
ppm 9 endosulfan©] gf¥ YNB HjXo] HZ
extract® 217} 0%, 0.01%, 0.05%, 0.1%, 0.5%7} H == H7}sto] %=

At & FalldS HEske] widstHA Aol WE endosulfan Z3lE

7F mig =8 #F V) FeH42Y) 20% Aol RalES ®ilth W
Z BAa9s HUke Beole 27 FEAlESET B ghadde] gle A

o, 0.5%9 yeast -extract® H7Fs vzl A &2 7|3 &
oF ¢F 90%<] endosulfan &3l &S

0.05%, 0.1%°] sx==2 #A7I3t A= 242 70%, 80%, 835%2] -3l

fz

dom, BZ EAYUS 0.01%,

S B, 24F Aelolrlaisit B @4l =7k 52 ¥iA

A endosulfan®] &7} v|aF wE S Aojytr}, o]y BXE EF

1>
o
e
e
ol
©,
2
30
"
=
Hd
o
YO

A =7t 27T 2Vl 7 FY T
o] Z213} 8o} endosulfano]. & (1FA] AP} o] Folzl Ao
Eap s Edl= g
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Fig. 4.6. Effect of an additional carbon source concentration on
endosulfan biodegradation by Serratia sp. K-=1321. After inoculation,
cells were cultivated' at 25 C in YNB medium containing 100 ppm
endosulfan. O-©, control (no inoculation); @-@®, 0% yeast extract;
A=A, 0.01% vyeast extract; A-A, 0.05% yeast extract; [I-[], 0.1%
yeast extract; l-M -0.5% yeast extract.
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4.3. Endosulfan 3] 93 wix] 59 pHHA3Z}

wilat K-1321¢] €3 pH¥ sk helr okt wellxts HEd #iA

ol A endosulfan®] 7ZFA%re] we}l pH7}F Z71st= A3FE Holw, 3F
tho] pH 8 o]t & =E3lith 1 o]F o= pHE 8.4~85 AEE
A %) A eH(Fig. 4.7).
120 9
& 100 |
£ 1 8
g 80 |
5 17
& 6o | 51
= {s
E a0
% ey 55
v 20 |
O 1 1 1 1 1 1 4

Time (weeks)

Fig. 4.7. Biodegradation of endosulfan and change of pH in culture
medium by Serratia sp. K-1321. After inoculation, cells were
cultivated at 25 C in YNB medium containing 100 ppm endosulfan. O-
O, Remaining endosulfan by control (no inoculation); @-@®, Remaining
endosulfan by K-1321; A-A, pH of culture medium by control (no
inoculation); A-A, pH of culture medium by K-1321.

_59_



4.4. EFolA 9 endosulfan #3 54 (Lab-scale model analysis)

4.4.1. B84 93k EY T2 endosulfan +3H

Eoko A Hai K-13219 endosulfan #3l%
7}, %7] endosulfan 50 ppm®] endosulfan® @ Q. GA|7] E koA 45
ko] Group A9Group B A& EFoA oF 90%9 &S BTl

%7] endosulfan &% 100 ppm& EUoAE= Group A9A °F 60%,

fllo
r
s
ol
38
i)
4
i

Group BellA ¢F 656%¢] #3l&5 ®3lom, 200 ppme® LA E
ol A= Group AelA ¢F 55%, Group BelAl ¢F 60%<] &3ll&S X
o, 200 ppm ©]38}to] FImol A= ujFa Ao Bk EkelM T whE
452 endosulfan®] #35 e FHS BT T8 YNB. Bl A <}
2] 500 ppm& endosulfan®. 2 29A71 E%AE endosulfan

o] Baj7t Ao dojriA gkiEdl o] 500 ppme endosulfanol] <] 3t
ETa

rr

w3 7t Aok 7t 559 E<lA endosulfan E3lS AFA7]
A ke ) Z(Control; ‘no inoculation)? A% endosulfan©] A4d3] =
A H52 24 AES BAEE, oldd Ay Aad 5(2008)9
Bl Zo] endosulfane] Edol-FHE AL 7] T2 32537

WEow Mzhd,
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Relative remaining rate of endosulfan (%)

Time (weeks)
(a) Bioaugmentation of endosulfan in soil
O-0,
control (no inoculation) of Group A; @-
® Group A; A-A,
inoculation) of Group B; A-A, Group B.

containing 50 ppm endosulfan.

control  (no

Relative remaining rate of endosulfan (%)

Time (weeks)

(c) Bioaugmentation of endosulfan in soil
R-©
control (no inoculation) of Group A; @-
® Group A; A-A,
inoculation) of Group B; A-A; Group B.

containing 200 ppm endosulfan.

control  (no

Relative remaining rate of endosulfan (%)

Time (weeks)
(b) Bioaugmentation of endosulfan in
soil containing 100 ppm endosulfan. O-
O, control (no inoculation) of Group A;
®-@®, Group A, A-A,
inoculation) of Group B; A-A, Group B.

control (no

Relative remaining rate of endousifan (%)

Time (weeks)

(d) Bioaugmentation of endosulfan in
soil containing 500 ppm endosulfan. O-
O, control (no inoculation) of Group A;
-0 A a-A,
inoculation) of Group'B; A-&’ Group B.

Group control (no

Fig. 4.8. Effect of endosulfan ‘concentration -on the bioaugmentation
efficacy of endosulfan-degrading K-1321 strain. After inoculation, cells
were cultivated at 25 T in soil containing 50 ppm (a), 100 ppm (b), 200
ppm (c), 500 ppm (d) endosulfan.
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4.4.2. Endosulfan 2] +tol 93 E<ko] pH W3}

#F K-1321] @ EgelAe] pH WS st 1 4,

e
AF T} A#Aglo] K-1321 strain. & AE3 giiie] Ao B
oA 45 who] pH 8olAto 7 Tudlglom =1 o] % pH 8§ o]AS

T3kt 28y 500 ppm endosulfano® QL AAIZT E ol A
endosulfan®] ztF% 2 pHY FEoxl W37l dojubx] & Skth(Fig.

P

4.9).
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Time (weeks)
(a) Change of pH in soil containing 50
ppm O-0,
inoculation) of Group A; @-@, Group A;

endosulfan. control  (no
A=A, control (no inoculation) of Group

B, a-A, Group B.

Time (weeks)

(c) Change of pH in 'soil containing 200
ppm O-G,
inoculation) of Group A; @-@, Group.A;

endosulfan. control. (no
A=A, control (no inoculation) of-Group

B; a-A, Group B.

pH

0 1 2 3 4 5 6
Time (weeks)

(b) Change of pH in soil containing 100

ppm O-0,

inoculation) of Group A; @-@, Group A;

endosulfan. control  (no
A-A, control (no inoculation) of Group

B: A-A, Group-B.

pH

1 2 3 4 5 6 7
Time (weeks)
(d) Change of pH in soil containing 500
ppm (@F "R
inoculation) of ‘Group A, @-@, Group A;
A-A, control (no-inoculation) of Group
B &A=& Group B.

endosulfan. control  (no

Fig. 4.9. Change of pH in soil by the isolated bacterium. After
inoculation, cells were cultivated at 25 T in soil containing 50 ppm (a),

100 ppm (b), 200 ppm (c), 500 ppm (d) endosulfan.
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4.5. 8+ K-1321 strain.oll &3 endosulfan #3 FZ &4

GC/MSE %3 endosulfan A% % ®3iE 7
<7 (control; no inoculation) A3} 3 2} AT I H =
A A} peakE ) %3}9] endosulfan #a|2HE2] peakE Qs 1
A3} endosulfan &3ll4HE 9] peak™ B-endosulfan®] peak®} H]=g
27.95 mind| A FRIE e, o] peak® ion spectrums Filsto] 3

g 548 AN A3} endosulfan diolZ 93 A tH(Fig. 4.10). o] &4

ﬂl

£ endosulfan©] endosulfan ether ¥ endosulfan lactone® & 3%

= A 3 AERA(Fig. 2.2 Fa), ARtel wheh 1 o] 718kl
tHTable 4.5, Fig. 4.11). webM #e8]t Serratia sp. K-1321&
endosulfane endosulfan diolZ #3dls EalAZE mEs HAo=
dtst A oh(Fig. 4.12).
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% 10,000,000 a-endosulian % 1,000,000
a=endosulfan
B-endosulfan
B-endosulfan
M
ket b bk J i ol e v, My l“nh
(a) GC/MS profile of endostlfan. (b) GC/MS profile. of endosulfan
and metabolites
1 o000 = Base Peak: £3/10,000

Cl

r HiCHy i
L H0CH; £
o1

r1 29 b
0259 o 237 2o ol =
- o i\ 0 W [ I
ool — . [ I W UL S L il |
750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250

(c) Mass spectra of the metabolite~I (MI)
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endosulfan. After 4 weeks incubation, GE/MS-analysis was conducted
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Table 4.6. Peak area and concentration with relative to @£
-endosulfan standard curve (Fig. 4.2) of endosulfan diol by
Serratia sp. K-1321 in YNB media with 100 ppm endosulfan

Time (weeks) Peak area Concentration

0 0 -

1 22976 1.593
2 104917 6.897
3 229279 14.978
4 285176 18.570
5} 380742 24.752
6 534614 34.713

40

Concentration of endosulfan diol with
relative to B-endosulfan {ppm)

Time (weeks)

Fig. 4.11. Concentration of endosulfan diol with relative to B
—-endosulfan standard curve (Fig. 4.2) by Serratia sp. K-1321. After
inoculation, cells were cultivated at 25C in YNB with 100 ppm
endosulfan.
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Serratia sp. K-1321 #2# 7]7H67F) &< 50 ppmo|st FE9]

—

endosulfane 100%, 100 ppm % 200 ppm<e endosulfane Z}7}
85%, 7T0%7HA] FalstH 2, 500 ppm® endosulfan B3k °F 40%
T ®&3th Endosulfan €19 HZ BAA(FYRL)Y] FEo upE

e AolM ol 2 & glo] Bx g@ade] AT u Eilw

M ool

fitlo

o] okl ol HE wadel 98 endosulfan Halite] F4 2

e

2] EdolA 9 endosulfan w3l a& A2, AF A2 65
o] 50 ppm& endosulfan®.® 299A171 Group A%t Group B A&+
oA oF 99%¢] EEl&S Hlow, %7] endosulfan EX 100
ppm% Eo| A= Group AdA F 88%, Group BellA ¢F 90%, 200
ppml. 2 2 A7l EFo| A= Group A4 ¢F 80%, Group BollA <F
78%°] TAlES Bvh. ek 88k endosulfan AT S S Ol
o] AP BN 45 kel pH 8 o] E=gstity. 12 500
ppm¢  endosulfan®.® + 2 AAZl  EdoiE BEE Ao A
endosulfan®] 3] % pH ¥3}zEmr] kit

Endosulfan #3837+ K-13219] endosulfan #3353 ZFAS A=
el ™, 200 ppm o|ste] FEel A= vkl A oA KB E e A
H W2 £%2 endosulfan®] #3l¥ = FFE ROy 500 ppmY F
LM E EY 59 endosulfand #3lskA] Xshe Ao R ZAE ST
T3 7 sl B AE oA endosulfan TS HFAITIA &
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Appendix

Appendix A- 1. Residual characteristic of endosulfan (Z7%, 2010)

.. . " Distribution

Compounds Minimum Maximum Averagex Frequency

(mg/kg) (mg/kg) SD, (mg/kg) (%) ’
alpha () < LOQ™ 1.4 0.096+0.291 34.5
beta (B) < LOQ 1.9 0.161£0.391 62.5
sulfate < LOQ 7.2 0.266£0.809 74.5
ether < LOQ 0.05 0.008£0.010 21.0
lactone < LOQ 0.6 0.030%0.086 35.5

¥ LOQ (Limit of Quantitation, /0.01) : LOD (Limit of Detection, 0.005X2)
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Appendix A-II. The result of endosulfan residue in Busan, Gimhae
Farmland (Z7d, 2010)

Sample Region Endosulfan

code a [§] sulfate ether lactone
1 7] e} 0.063 0.453 0.936 0.013 0.014
2 7€k 0.123 0.075 0.018 ND ND
3 FAt ND* 0.012 0.193 ND ND
4 FAk 0.056 0.115 0.044 ND ND
5 B2t ND ND 0.016 ND ND
6 KAk ND ND 0.042 ND ND
7 HAt ND 0.119 0.308 ND ND
8 KAk 0.032 0.159 0.961 ND 0.018
9 KAk ND 0.022 0.087 ND 0.089
10 H2t ND ND ND ND 0.011
11 h=s ND 0.023 0.041 ND 0.016
12 EaL| ND ND 0.010 ND 0.014
13 3 0.028 0.139 0.278 ND 0.014
14 FA ND 0.025 0.169 ND ND
15 EaES ND 0.025 0.113 ND 0.026
16 x| 0522 0.206 0.135 ND 0.666
17 73 10467 1825 0:413 ND 0.023
18 7] e} ND ND 0.016 ND ND
19 7] €} 0.056 0.115 0.044 ND ND
20 7] Ek 0.126 1.050 7.281 0.067 0.048
21 7] 8l ND 0.090 1.898 0.016 0.012
22 7] &l ND ND 0.016 ND ND
23 715 ND 0.024 0.033 ND ND
24 7] &l ND 0.088 0.511 ND 0.018
25 Fak| ND ND 0.019 ND ND
26 AR 0.320 0.623 0.373 0% 0.129
27 AR 0:111 0.679 ].23% ND 0.236
28 AR 0.020 0.105 0.180 ND 0.031
29 Fa ND 0.119 0.308 ND 0.009
30 kAR 0.028 0.139 0.278 ND 0.014
31 A& 0.237 1.229 1.962 0.013 0.306
32 EaL| ND ND ND ND ND
33 EaL| ND ND 0.017 ND ND
34 EaL| ND ND ND ND ND
35 3 0.015 0.108 0.226 ND 0.031
36 EaL| ND ND ND ND ND
37 F2t ND ND ND ND ND
38 s ND 0.015 ND ND ND
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Appendix A-II. The result of endosulfan residue in Busan, Gimhae
Farmland Z71%, 2010) (Continue)

Sample Region Endosulfan

code a [§] sulfate ether lactone
39 Sk 0.015 0.017 0.024 ND ND
40 FAk ND ND ND ND ND
41 Ak ND ND ND ND ND
42 HAt ND ND 0.012 ND ND
43 B2t 0.012 0.014 2.904 0.063 0.019
44 FAk ND ND ND ND ND
45 HAt 0.474 0.914 0.537 0.017 0.193
46 H2t 0.023 0.089 0.487 0.012 0.019
47 F-Ak 0.016 0.018 0.024 ND ND
48 FAk ND 0.033 0.05 ND ND
49 Ak 1.398 1.759 0.389 0.019 0.023
50 Ak ND ND ND ND ND
51 Ak 0.026 0.164 0.684 ND 0.037
52 FA ND 0.012 ND ND ND
53 FAY 0.014 0.012 0.011 ND ND
54 FAt 0.408 0.691 1.353 0.02 0.112
55 A3 ND 0:006 0.016 0.005 ND
56 A3 0.425 0.647 1.263 0.021 0.116
57 7] &l ND ND 0.012 ND ND
58 7 & ND ND ND ND 0.029
59 A& ND 0.08 0.445 0.012 ND
60 2 &l ND ND 0.049 ND ND
61 FaR | ND ND ND ND ND
62 713 ND 0.021 0.103 ND ND
63 3 1.398 1.759 0.389 0.019 0.023
64 Ea 0.011 0.011 0.036 0.024 ND
65 73] 0:026 0.164 0.684 ND 0.037
66 713 ND 0:012 ND ND ND
67 Ea| 0.014 0.012 0.011 ND ND
68 AR 0.408 0.691 1.353 0.02 0.112
69 AR ND ND 0.016 ND ND
70 13 0.425 0.647 1.263 0.021 0.116
71 EaL| ND ND 0.012 ND ND
72 EaL| ND ND ND ND 0.029
73 EaL 0.320 0.623 0.373 0.01 0.129
74 EaL 0.111 0.679 1.234 0.009 0.236
75 Ak 0.020 0.105 0.180 ND 0.031
76 FAF ND 0.119 0.308 ND ND
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Appendix A-II. The result of endosulfan residue in Busan, Gimhae
Farmland (Z71H%, 2010) (Continue)

Sample Region Endosulfan
code [§] sulfate ether lactone
77 Y ND 0.021 0.036 ND ND
78 s 0.015 0.017 0.024 ND ND
79 Ak ND ND ND ND ND
80 EaR| ND ND ND ND ND
81 Ea| ND ND ND ND ND
82 113 0.189 0.244 0.052 ND ND
83 sl ND ND ND ND ND
84 K ND 0.049 0.168 0.010 0.016
85 3 0.017 0.142 0.538 0.051 0.056
86 EaL| ND ND ND ND ND
87 EaL ND ND 0.108 ND ND
88 F2t ND 0.020 0.027 ND ND
89 F2t ND 0.015 0.020 ND ND
90 FAY ND ND 0.020 ND ND
91 F2t 0.023 0.089 0.487 0.012 0.019
92 FAL 0.016 0.018 0.024 ND ND
93 FAY ND 0:033 0.050 ND ND
94 FAF 1.398 1.759 0.389 0.019 0.023
95 FA ND ND 0.048 ND ND
96 FAL ND 0.013 0.141 0.013 0.014
97 FAF ND 0.093 0.503 0.016 0.011
98 F2F 0.060 0.121 0.044 ND 0.021
99 FA ND ND 0.023 ND ND
100 UFAF ND ND 0.014 ND ND
101 AT 0.137 0.182 0.026 ND ND
102 UAF ND ND 0.030 ND ND
103 Gk 0:010 0.016 ND ND ND
104 A ND ND ND ND ND
105 EaL| ND ND ND ND ND
106 EaL| ND ND ND ND ND
107 AR ND 0.021 0.036 ND ND
108 s 0.015 0.017 0.024 ND ND
109 EaL| ND ND ND ND ND
110 EaL| ND ND ND ND ND
111 3 1.578 1.993 0.336 0.032 0.028
112 EaL ND ND ND ND ND
113 sy ND 0.020 ND ND ND
114 7 3 ND ND ND ND ND
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Appendix A-II. The result of endosulfan residue in Busan, Gimhae
Farmland (Z71H%, 2010) (Continue)

Sample Region Endosulfan

code a [§] sulfate ether lactone
115 R ND ND ND ND ND
116 Fak ND ND ND ND ND
117 Eap 0.189 0.244 0.052 ND ND
118 EaL| ND ND ND ND ND
119 AR ND 0.049 0.168 0.010 0.016
120 AR 0.017 0.142 0.538 0.051 0.056
121 AR ND ND 0.108 ND ND
122 s ND 0.020 0.027 ND ND
123 13 ND ND ND ND ND
124 EaL| ND ND 0.024 ND ND
125 EaL ND ND ND ND ND
126 EaL 0.038 0.079 0.033 ND 0.013
127 EaES 0.023 0.089 0.487 0.012 0.019
128 x| 0.016 0.018 0.024 ND ND
129 A3 ND 0.033 0.050 ND ND
130 Xk | A6 1.541 0.421 0.018 0.024
131 714 ND ND ND ND ND
132 7] &l ND 0.013 0.141 0.013 0.014
133 7] &l ND ND ND ND ND
134 7l 0.060 0.121 0.044 ND 0.021
135 7130 ND ND 0.023 ND ND
136 7] &l ND ND 0.014 ND ND
137 FaR ND 0.021 0.036 ND ND
138 Eag! 0.015 WopL 0.024 ND ND
139 Fak ND ND ND ND ND
140 AR 0.023 0.089 0.487 0.012 0.019
141 Eap ND ND ND ND ND
142 EaL| ND ND ND ND ND
143 HAt ND 0.013 0.141 0.013 0.014
144 FAk ND ND ND ND ND
145 FAF 0.060 0.121 0.044 ND 0.021
146 HAt ND ND 0.023 ND ND
147 HAt ND ND 0.014 ND ND
148 AL ND ND ND ND ND
149 F2t 0.137 0.182 0.026 ND ND
150 EaL ND ND ND ND ND
151 EaES 0.017 0.040 0.053 ND ND
152 7 3 ND ND ND ND ND
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Appendix A-II. The result of endosulfan residue in Busan, Gimhae
Farmland (Z71H%, 2010) (Continue)

Sample Region Endosulfan
code a [§] sulfate ether lactone
153 Rk 0.008 0.017 0.021 ND ND
154 AR 0.023 0.041 0.056 ND ND
155 Fal ND ND ND ND ND
156 Eap 0.035 0.064 0.090 ND ND
157 AR 0.023 0.089 0.487 0.012 0.019
158 A& 0.016 0.018 0.024 ND ND
159 K ND 0.033 0.050 ND ND
160 s ND 0.021 0.115 ND 0.011
161 13 ND ND ND ND ND
162 EaL| ND ND 0.010 ND ND
163 EaL| ND ND 0.020 ND ND
164 3 0.023 0.139 0.278 ND 0.014
165 EaES ND 0.025 0.169 ND ND
166 x| ND 0.025 ol A8 ND 0.026
167 A3 0.522 0.206 0.135 ND 0.666
168 Xk 1.467 1.825 0.413 ND 0.023
169 g ND ND 0.016 ND ND
170 7] &l 0.056 Q48ES 0.044 ND ND
171 7] &l 0.126 1.050 7.281 0.067 0.408
172 7]l ND ND ND ND ND
173 7130 ND 0.090 1.898 0.016 0.012
174 7] &l ND ND 0.016 ND ND
175 7 &) ND 0.024 0.033 ND ND
176 7 & ND 0.088 0.511 ND 0.018
177 7 & ND ND 0.019 ND ND
178 AR 0.320 0.623 0.373 0.010 0.129
179 FaR ND 0.025 0.169 ND 0.005
180 xR ND 0.025 0.113 ND 0.026
181 Ea| ND ND ND ND ND
182 A 0.137 0.182 0.026 ND ND
183 AR ND ND ND 0.019 ND
184 s 0.017 0.040 0.053 ND ND
185 EaL| ND ND ND ND ND
186 EaL| ND 0.017 0.021 ND ND
187 3 0.023 0.041 0.056 ND ND
188 EaL ND ND ND ND ND
189 EaES 0.035 0.064 0.090 ND ND
190 el 0.023 0.089 0.487 0.012 0.019
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Appendix A-II. The result of endosulfan residue in Busan, Gimhae
Farmland (Z3+%, 2010) (Continue)

Sample Region Endosulfan
code a I§] sulfate ether lactone
191 Rk 0.016 0.018 0.024 ND ND
192 Al ND 0.033 0.050 ND ND
193 Eap 0.038 0.079 0.033 ND 0.013
194 Eap 0.023 0.089 0.487 0.012 0.019
195 713 0.016 0.018 0.024 ND ND
196 54k ND 0.033 0.050 ND ND
197 54k 1.127 1.321 0.541 0.015 0.020
198 13 ND ND ND ND ND
199 13 ND 0.013 0.141 0.013 0.014
200 A @l 0.056 ND ND ND ND

* ND : Not detected (ND < LOQ, 0.01ppm)
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Appendix B. Endosulfan residues in the agricultural soils of Gyeonbuk
and Daegu (Z 817, 2008)

Endosulfan concentration (mg/kg)

Sample Cultivation
a [§] Sulfate Total
Gyeonbuk Andong 1 0.38+0.03 0.43+0.09 0.24+0.04 1.0540.08 Crchard
(grape)
Gyeonbuk Andong 2 0.13£0.01 0.2140.04 1.80+0.21 2.1440.19 orchard
(grape)
Gyeonbuk Yeongchen 0.09+0.01 0.09+0.01 1.31+0.11 1.49+0.11 C();g};i)d

Daegu Gatae 1 0.01+£0.00 0.05+0.01..0.18+0.03 0.24+0.03 Vegetable

Daegu Gatae 2 0.51+0.07 0.03£0.00 0.09£0.03 0.63£0.04 Vegetable

Daegu Gatae 3 0.28+0.10 0.46+0.06 0.256+0.12 0.99+0.11 Vegetable

Daegu Gatae 4 0.50£0.03 1.05+0.10 1.59+0.34 3.14+0.31 Vegetable

Daegu Mutae 0.42+0.03 4.04+0.25 4.15+£0.52 8.61+0.48 Vegetable

Daegu Jimyo 5.31£0.11 3.97%+0.07 1.26%£0.23 10.54%£0.19 Vegetable
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Appendix C. Effect of endosulfan concentration on the degradation efficacy of endosulfan-degrading K-1321
strain. After inoculation, cells were cultivated at 25 C in YNB medium containing 10, 20, 50, 100, 200, 500,

1,000 ppm endosulfan

Concentration of
fortification in

Remaining value of endosulfan (unit : ppm)

media Time (weeks) 0 1 2 3 4 5 6
Control
. . 6.96 7.31 7.35 7.06 7.20 6.66 6.80
(no inoculation)
10 ppm
Serratia sp. K-1321 7.51 5.38 2.01 0.30 0.00 0.00 0.00
Control 14.130 13.28 1239 | 1251 | 12.26 13.01 12.49
(no inoculation)
20 ppm
Serratia sp. K-1321 15.14 12.11 7.15 3.00 048 0.00 0.00
Control 5374  52.66 | 53.36 51.76 4740 43.94 44.82
(no inoculation)
50 ppm
Serratia sp. K-1321 48.42 43.10 29.31 16.70 4.18 0.51 0.00
Control 129.02  131.60 127.65 122.54 128.67 121.20 121.69
(no inoculation)
100 ppm
Serratia sp. K-1321 99.70 95.71 78.49 54.16 19.50 4.26 0.60
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Appendix C. Effect of endosulfan concentration on the degradation efficacy of endosulfan-degrading K-1321
strain. After inoculation, cells were cultivated at 25 C in YNB medium containing 10, 20, 50, 100, 200, 500,
1,000 ppm endosulfan (Continue)

Concentration of Remaining value of endosulfan (unit : ppm)
fortification in
media Time (weeks) 0 L 2 3 4 5 6
Control 21541 221.87 206.10 201.98 208.04 209.42 199.79
(no inoculation)
200 ppm
Serratia sp. K-1321 203.36 199.30 179.37 147.08 73.54 26.20 7.60
Control 500.06  485.05 [461.25 470.47 451,65 423.54 417.18
(no inoculation)
500 ppm
Serratia sp. K-1321 508.40 503.32 468.09 421.28° 320.17 218.86 135.69
Control 1041062 1020.79 1010.75 1020085 979.54 906.49 897.43
(no inoculation)
1,000 ppm

Serratia sp. K-1321 957.67-. 928,94  891.78 " 918.53 900.16 837.15 853.89
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Appendix D. Effect of sub-carbon source concentration on endosulfan biodegradation by Serratia sp.

K-1321. After inoculation, cells were cultivated at 25 C in YNB medium containing 100 ppm endosulfan

Remaining value of endosulfan (unit : ppm)

Time (weeks) 0 1 2 3 4 5 6
Control 111.370 114.003 116.384 109.374 111.675 108.928 114.711
(no inoculation)
0% 103.001 101.882 98.605 68.655 40.170 31.415 25.750
yeast extract
0.01%
101.988 101.767 95.170 58.905 35.420 23.972 16.318
yeast extract
0.05%
116.661 111.995 106.162 60.664 37.332 22.723 11.433
yeast extract
0.1% 106.126 100.820 90.207 45.634 25.884 11.324 4.457
yeast extract
0.5% 109.634 108.538 107.244 98.413 89.396 82.936 80.526

yeast extract
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Appendix E. Biodegradation of endosulfan and change of pH in culture medium by Serratia sp. K-1321. After

inoculation, cells were cultivated at 25 C in YNB media containing 100 ppm endosulfan (unit : ppm, pH)

Time (weeks) 0 i 2 3 4 5 6

Control 109.702 111.896 116.460 112.993 105.011 " 109.702 103.387
Concentration of
remaining endosulfan

K-1321 116.367 111.712 105.347 = 81.457 44.673 23.273 12.415

Control 0.40 5.63 5.78 0.84 9.92 6.05 6.11

pH in media
K-1321 5.51 A2 l5) 7.05 7.94 8.47 8.41 8.50

_97_



Appendix F . Effect of endosulfan concentration on the bioaugmentation efficacy of endosulfan—-degrading

K-1321 strain. After inoculation, cells were cultivated at 25 T in soil containing 50, 100, 200, 500 ppm

endosulfan
Concentration Remaining value of endosulfan (unit : ppm)
of fortification Ti
in media me 0 1 2 3 4 5 6
(weeks)
Control of =) 1y 40.04 38.42 37.95 35.48 31.59 26.15
Group A
Group A 32.50 %71 13.15 3.49 0.43 0.01 -
50 ppm Control of
ontrot o 45.96 41.31 34.91 29.82 24.22 19.37 14.38
Group B
Group B 34.50 28.58 11.63 2.63 0.28 - -
Control of
70.41 70.82 7195 65.81 59.31 51.60 43.86
Group A
Group A 50.11 44794 96.96 14.29 541 1.22 0.16
100 ppm Control of
ontrot o 91.98 89.99 81.97 70.04 58.31 46.65 36.62
Group B
Group B 79.77 66.71 36.20 16.62 5.09 0.93 0.09

_98_



Appendix F . Effect of endosulfan concentration on the bioaugmentation efficacy of endosulfan—-degrading

K-1321 strain. After inoculation, cells were cultivated at 25 T in soil containing 50, 100, 200, 500 ppm

endosulfan(Continue)
Concentration Remaining value of endosulfan (unit : ppm)
of fortification Ti
in media me 0 1 2 3 4 5 6
(weeks)
Control of o4 55 225.44 212.25 199.47 184,51 172.52 154.71
Group A
Group A 190.72 185.58 W% .45 86:01 39:47 13.72 3.10
200 ppm Control of
ontrot O 930 66 231.32 206.41 180.79 160.22 135.38 111.03
Group B
Group B 190.72 185.58 129.27 70.74 29.96 9.20 1.75
Control of o4 1 541.20 570.31 595,12 475.24 426.38 377.35
Group A
Group A 487.50 487.00 520.01 490.88 45357 412.98 369.41
500 ppm Control of
ontrot oL 510.10 49470 514.49 49108 457 69 412.15 356.51
Group B

Group B 490.09 480.20 494.61 458.81 416.60 369.27 312.03
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Appendix G. Change of pH in soil by the isolated bacterium (Lab-scale model analysis). After inoculation,

cells were cultivated at 25°C (unit : ppm)

Remaining value of endosulfan (unit : ppm)

Concentration
of fortification T
in media tme 0 1 2 3 4 5 6
(weeks)
Control of o o 5.4 5.42 5.45 55 5.56 5.6
Group A
Group A 5.4 5.63 6.65 7.87 8.2 8.3 8.4
50 ppm
Control of 5.32 5.45 5.61 5.75 5.8 5.69 5.7
Group B
Group B 5.6 5.85 6.32 7.49 7.89 7.99 8.2
Control of 5.2 4.99 4 95 5.10 5.01 5.1 5
Group A
Group A 5.6 872 6.15 7.38 781 7.9 7.95
100 ppm C T of
ontrol o 5 5.08 4,99 4.95 5 5.2 5.3
Group B
Group B 5.48 5.65 5.82 5.99 6 6.1 5.98
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Appendix G. Change of pH in soil by the isolated bacterium (Lab-scale model analysis). After inoculation,

cells were cultivated at 25C (unit : ppm) (Continue)

Remaining value of endosulfan (unit : ppm)

Concentration
of fortification T
in media tme 0 1 2 3 4 5 6
(weeks)
Control of 53 5.62 5.95 6 5.99 6.2 6.1
Group A
Group A 5.45 5.99 6.75 7.35 7.65 7.8 7.99
200 ppm Control of
ontrot o 5.29 5.78 6.02 6.25 6.3 6.2 6.1
Group B
Group B 5.65 6.25 6.95 7.52 7.89 8 8.2
Control of 5.72 5.89 5.99 5.8 5.9 57 5.6
Group A
Group A 5.48 6.32 7.45 7.95 8.2 8.4 8.45
500 ppm c T of
ontrol o 5.62 5.69 520 5.74 5.7 5.6 5.7
Group B
Group B 5.4 5.52 5.65 55 5.6 5.6 5.7
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