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PHAN HUY SINH HOC HYDROCARBON THOM PA
VONG CUA MOT SO CHUNG VI KHUAN PHAN LAP TV
NUO'C THAI NHIEM DAU

NGUYEN NGOC BAO, PAM THUY HANG, VU BUC LOI, DANG TH| THU, BANG THI CAM HA

1. MODAU

PAH la thanh phan vén ¢6 ctia ddu mo, nude thai nhidm diu va sinh ra tir céc hoat dong san
xudt céng nghiép dang ngdy cang dugc quan tdm dic bigt do anh hudng nguy hiém ciia no téi
sirc khoé con ngudi. Nhiéu tip doan va cac ching vi sinh vét nhu vi khuan, xa khuan, nim cé
kha niing phin huy manh PAH tir nhiéu nguén 6 nhiém da duge phan lap, nghién ciru nhu dai
dién cia cdc chi Pseudomonas, Mycobacterium, Corylbacterium, Aeromonas, Rhodococus va
Bacillus v.v. Cac chung Cycloclasticus N3 va Cycloclasticus W do Gelsenbrecht va cdng
sur,1998, phan lap tir viing bién nhiém PAH & Vinh MEXICO, sau 7 ngdy ¢ kha ning loai bd
hoan toan Naphtalen, 1-Methylnaphtalen, 2-Metylnaphthalen, Phenanthren, Fluoren va
2,6-Dimethylnapthalen, Anthracen.

Nhiéu tic gia da phan lap va nghién ctru kha ning phan huy PAH cia céc chiing vi sinh vét
tir cac ngudn 6 nhiém khac nhau cia Viét Nam. Két qua cho thdy ching phan huy PAH & mirc
d6 khac nhau. Nguyén B4 Hitu va cong sy (2000) dd phan 1ap dwoc 7 ching vi khuin tir mu
buin cét tai Khe Che, Quang Ninh trong dé ching vi khuin KCP8 c6 khé ning chuyén hoa 6 loai
PAH sau 7 ngay nudi ciy. Nam 2004, ciing sau 7 ngay nudi lic trén mdi truomg khodng c6 bd
sung glucoza, hai chiing xa khuan XKDN12 va XKDN13 phan lép tir d4t nhiém chat dgc hoa
hoc cua tac gia Nguyén Buong Nha, 2004, ¢6 khé ning sir dung Phenanthren, Anthracen va
Fluoranthen. Chung vi khuin Sphingomonas yanoikuyae MXL-9 clia tic gia La Thi Thanh
Phuong, 2003, phén ldp tir cin diu thé khai thic tir mo Bach H ciing thé hién kha nang phén
huy Phenanthren va Anthracen. Viéc nghién ctu cdc tdp doan, ciing nhu céc ching vi khuin da
dugc tach sach c6 kha ning phén huy PAH 1a co s& cho viée thlét 1ap va kiém soét céc qua trinh
cong nghé xr h lam cac sach chét 6 nhiém nay ddng thdi cac vi sinh vat dioc nghién ciru s& 13
nguon chiing gidng cho xir If hydrocacbon thom da vong trong céc h¢ théng bioreactor hiéu khi.
Pé tiép tuc phat tnen va ning cao hiéu qua cdng nghé sinh hgc xir h 6 nhlem déu trong d6 ¢6
viéc giam thiéu t6i da ham lwong PAH thi cic nghién ciru danh gia vé sb lwgng, dic diém sinh
hoc va kha nang phén huy PAHs clia vi sinh vt trong nuée thai nhiém dau 1a rat cin thiét.

Trong bai bdo nay, ching t4i trinh bay két qua nghién ciru mét sé dic diém sinh hoc, kha
niang chuyén hoa PAHs clia tip doan vi khuén va ching vi khuin HNBCd1 phén Iap tir nudc va
cin thai nhiém xang diu cta kho chira xing dau Ha Nam,

2. NGUYEN LIEU VA PHUONG PHAP
2.1. Nguyén li¢u nghién ciru

Nguyén li¢u nghién ciru la cac mau nuée thai (ki higu HNBC) va bun thai (ki higu HNBU)
thu thap tai bé chira nude thai nhiém dau va bé bin cin diu cia kho xdng diu Ha Nam.
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Cac hydrocacbon thom d‘a vong nhu Naphtalen, Phenanthren, Anthracen, Fluoren,
Fluoranthen, Pyren, Chrysen & nong d¢ ban dau 100ppm di duge sir dung nhur 13 ngudn cacbon
va ning luong duy nhat dé dénh gia kha niing phan huy sinh hoc cia cic vi khuén phan lap duwoc
trong mdi trudng mudi khoang.

2.2. Phuong phip nghién ciru

S lwgng vi sinh vét di dudng trén mdi trudng hiéu khi tong s (HKTS), vi sinh vat sir dung
dau DO, PAHs trén cic méi trudng mubi khoang da duge tién hanh theo phuong phép x4c dinh
s& luong <6 thé nhit (MPN-most probable number) Phan lap va danh gia kha nang st dung
PAH, hén hop xdng va ddu DO cia céc ching vi khuén theo cac phuong phdp di mé ta trude
day [10].

Su chuyén hoa, phan huy hydrocacbon thom da vong bai vi sinh vét duge danh gia so bd
bang sy tao sinh khéi, két ho’p v&i su thay d6i méu sic cia moi tru'ong nudi cay. Phu thude vao
mdi loai vi sinh vat, mau mdi truomg c6 thé ddi tir vang nhat, vang chanh, ving dam dén nau
nhat, ndu ddm v.v,

Phuwong phdp xdc dinh kha néng chuyén hod PAHs

Phuong phép xéc dinh kha ning chuyén hoa PAHs la phuong phép do quang phan tir, dya
trén syr dich chuyén dién tir trén cac orbital = clia cac ndi doi lién két trong vong thom cua phén
tir hop chit PAH Kha nang chuyen hoa PAHs cia vi khuén trong dich nui ciy duge xac dinh
trén may quang phd tir ngoai kha kién UV-VIS GBC - CINTRA 4.

Léy 20 ml dich nudi cdy vi sinh vit tach chiét PAH b?mg 180 ml cdn tuyét dbi, sau d6 loe
toan bg, thu dich loc bom vdo mdy phén tich. Sir dung méu dbi chu*ng (khéng c6 vi sinh vit) do
song song Vi méiu nghién ciru. Nong d6 ciia mdi PAHs trong mau déi chimg dugc so sénh véi
mau nudi cay vi sinh vt & cung diéu kién duoc xi 1i tinh toan dya vao chiéu cao Peak hip thy
tai budc séng 275 nm dbi véi Pyren va 205nm dbi véi Phenanthren, Anthracen, Fluoranthen,
Chrysen, Naphthalen, Fluoren.

3. KET QUA NGHIEN CU'u

3.1. 86 lu‘qng vi sinh vit dj duéng va sir dung hén hep xdng va diu diesel (DO) trong nude
thai nhi€ém dau

Bang 1: S5 lugng VSV hiéu khi va sir dyng hdn hep xing va diu DO trong
nudc thai nhiém diu va can diu

My S6 hrong vi sinh vat (MPN/ml)
Visinh vat dj dudng | Vi sinh vét st dung xiing + DO (1:1)
HNBUHI 1,1 x 10° 2,4 % 10°
HNBUH2 2,4 x 107 4,3 x 10
HNBCH3 2,4 x 10° 4,6 x 10°
HNBCH4 24 % 10° 1,5 x 10°
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Tir mau nudce thai nhiém diu thu thip tir hé théng bé chira nudc thai 1dn ddu va cin dau, sb
lvgng cua vi sinh vit dj dudng, vi sinh vét sir dung hén hep xing va DO (5%) va vi sinh vt sir
dung PAH 43 dugc xac dinh (bang 1).

Két qua bang 1 cho thiy trong miu nudc thai nhiém dau tai dia diém khao sat, sb lugng vi
sinh vat (VSV) hiéu khl di dudng la tir 10° den 10° MPN/ml. Vi sinh vat sir dung hén hop xang
va DO la tir 107 d&én 10° MPN/ml. Mic du s6 lugng VSV phén huy xang va DO nho hon nhidu
50 Vi s6 lugng VSV di dudng nhung ciing chimg to tai cac vi tri lay mau nay ¢4 qua trinh phén
huy 6 nhiém xay ra. S5 lugng vi sinh vat sir dung xdng va DO & hai mau bin thip hon trong bé
chira cho thiy sur phan huy sinh hoc xidng déu trong bun céin tir cc bé chira bun xdy ra yéu hon
50 Véi trong cAc bé chira nude 6 nhiém.

S lwgng VSV c6 kha ning phén huy xing diu 1a mét trong nhing chi thj sinh hoc gitip
nhan biét moi tru‘o’ng do c6 bi 6 nhiém ddu hay khéng. Nhidu cong bd cho thiy & cic mdi
truong khéng bi 6 nhiém diu, sé lugng VSV phan huy hydrocacbon chi chiém duéi 1% trong
quan thé VSV trong khi & nhing viing & nhiém, gia tri nay la tir 1 — 10% Tuy nhién trong mot
so trudmg hop dic biét, gia tri ndy c6 thé dat t&i 90% sb lwong quéan thé VSV [5,6]. Theo cong
b6 gin day, hién nay c6 khoang trén 30 chi VSV ¢o6 kha nang phén huy hydrocacbon diu mo va
phan bo rong rii trong ty nhién. Trong moi trudng nudc vi khuan dong vai trd quyét dinh con &
dit nim soi va vi khuén 13 nhitg co thé déng vai trd cha yéu. Cac chi vi sinh vit sir dung
hydrocacbon thuong gip trong mdi trutmg co6 thé k& dén Pseudomonas, Achromobacter,
Arthrobacter, Micrococcus, Nocardia, Vibrio, Acinetobacter, Alcaligenes, Brevibacterium,
Corynebacterium, Flavobacterium, Candia, Rhodororula, Mycobacterium va Sporobolomyces.
Ngoai ra con gip Rhodococcus, va ndm spi nhu Aspegtllus Penecilium, Mucor, Fusarium, trong
méi trudng bién [5, 6]. Mt nghién ciru gén diay vé da dang vi khuin trong hé thong phan huy
sinh hoc dét nhiém hydrocarbon dau khoang cho thay bén canh cac chi chiém wu thé 1A
Pseudomonas, Acinetobacter, Sphingomonas, Acidovorax va Thiobacillus, sy ¢6 mit cia cac dai
dién thude chi Zymomonas va Rhodoferax 1a cac phat hign méi clia dét nhi&m hydrocarbon déu
mé {8]. Cernilia va cong su (1981) khi nghién ciru diéu tra vi khudn lam va tdo da phat hién 9
chi vi khuan lam, 5 chi tao d6 va 2 chi tao silic ¢6 kh ning oxy ho Naphthalene.

Nhu da dé cdp & trén, trong dau 6 nhiém, ngoai cic thanh phén hydrocacbon mach théng,
no va khdng no thi PAH dugc quan tim nhicu nhit b&i déc tinh clia né. Vi vay, céc danh gia v&
kha nang phat trlen ciia vi khuén trén mdi trudmg chira cdc PAH khac nhau da dugc tién hanh.
Bang 2 théng ké sb lugng vi sinh vét tir nwée thai phat trién trén méi trudng mudi khoang chira
PAH khéc nhau.

Bdng 2. S6 lugng VSV hiéu khi phat trién trén méi trudng chira PAH

TT PAH S6 lugng (CFU/ml)
1. Phenanthrene 3 x 10
2. Anthracene 3,6x10°
3. Fluorene + Fluoranthene 3 x 104
4. Pyrene + Chrysene 32 %10
5. Naphtalene 1x10°

Cac nghién ciru trude day tai Viét Nam chua tép trung ‘nhiéu' vé phén tich sé hugng cta
nhém vi sinh vét sir dung PAH trong nudc thai nhiém xing dau. Ket qua bang,2 chi ra rang co
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sir ton tai nhidu vi sinh vt sir dung va chuyén hoa PAH trong nuée thai nhiém dau. Ching
khéng chi sir dung mét ma nhiéu loai PAH khéc nhau trong d6 c6 cd nhimg PAH khé phan huy
nhu Pyren Chrysen, Fluoren hay Fluoranthen. Do cé cAu triic phén tir chira 4 vong thom nén sé
lugng vi sinh vit phat trién trong méi truomg chira hén hop Fluoren va Fluoranthen la 3. 10*
CFU/m va hén hop Pyren va Chrysen 14 3,2.10° CFU/ml thd ap hon con s6 d6 & nhém VSV sit
dung Naphthalen, Phenanthren va Anthracen 1a tir 10° dén 10° CFU/ml.

Sy da dang vi sinh vat suwdl_mg PAH khong cao, chi x4c dinh dugc tir 2 dén 4 loai vi khuén
¢6 hinh thai khac nhau trén mo6i PAH don I¢ va hon hop. Trong do loai vi khuan c6 kich thude
< 1 mm hinh tron, 16i bong mau vang nhat chiém wu thé.

3.2. Phin 1ap va nghién ciru kha ning sir dung PAHSs ciia mt s6 vi khuin

VSV sir dung PAHSs dugc phin ldp theo phuong phép lam gidu trén mdi truo*ng mubdi
khoang chira cac nguon PAHs trén nhur 13 ngudn cacbon va ning lugng duy nhit. Ket qua phén
1ap cho thdy VSV sir dung PAHs trong nude thai nhiém diu khong da dang, trén méi loai PAHs
chi ¢6 tir 2 dén 4 loai khuén lac, trong d6 loai vi khuén cé mau tring, mép trong, 16i bong va nhd
chiém wu thé.

Hinh 1. Hinh thai khudn lac cia vi
khuin phan 14p tir mAu nude thii nhidm
diu HNBC trén méi truomg mudi
khoang chita Phenanthren

Bdng 3. S6 lugng vi khuén phéan 1ap dwoc va kha ning chuyén hoa PAHs

TT MBéi truémg chira S& lugng vi khuén phan 1p va kha ning chuyén hoa PAHs
PAH va hén hgp PAH B& chita Cin bin
Kha ning phét trién Kha niang phat trién
Manh | Trung binh | Yéu | Manh | Trungbinh | Yéu
1. Phenanthrene 1 3 4 - - 2
Anthracene - C- 3 - - 2
3. Fluorene + - - 2 - - 2
Fluoranthene
4, Pyrene + Chrysene - - 2 - - 3
5. Naphtalene - - 3 - - 4

Chit thich: Phit trién manh (méi trudmg déi mdu sau 1 ngy); Phit trién trung binh (m6i truong ddi mau
sau 3 ngay); Phét trién yéu (méi truémg khéng d6i mau sau 7 ngay).
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Kha ning phan huy PAHs dugc danh gia so bd bing su thay ddi miu mai trudmg. Két qua
dugce trinh bay & bang 3.

Tl cac mAu nude thai nhiém du 31 ching vi khuén sir dung PAH d3 dugc phan ldp. Su tdn
tai cla cac vi khuan ban dja nay cho thdy tiém nang ap dung cong nghé phéan huy sinh hoc xir i
6 nhiém diu va PAH s& mang lai hiéu qua (cao) bing kich thich sinh hoc hay 1am giau sinh hoc.
Kha nang phin huy PAH khac nhau ctia cic chiing vi khuan d4 dugc nghién cru va két qua trinh
bay & bang 3. Trong s& 31 chiing sach, 4 ching trén ngudn Phenanthrene 1a HNBCd, HNBCd1,
HNBCe va HNBCg ¢6 kha nang loai PAH manh hon ci. Mbi trudmg nudi cdy chuyén miu vang
nau, va mot trong sé 4 ching d6 la HNBCd1 phan huy manh nhit, méi truomg d6i mau chi sau
mét ngay. Cac chung vi khudn con lai chuyén hod & mic d6 yéu hon, hinh thanh it sinh khéi
(VSV), mdi trudng khéng dbi mau sau nhiéu ngdy. Ching HNBCdI d3 dugc chon dé nghién
ciru va xdc dinh kha ning phin huy hydrocarbon thom da vong.

Hinh thai vi khuén HNBCdI

Hink 2. Hinh thai khuén lac vi khuén Hinh 3. Hinh thai t€ bao vi khudn HNBCd1
HNBCd] trén Phenanthren trén kinh hién vi dién tir JEOL 5410 LVcé 6
phéng dai 10.000 lan

i
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lai trong mu co VSV

o
°

71



Sau 72 gi¢r nubi cdy trén méi truémg mudi khodng bd sung hydrocarbon ba vong thom la
Phenanthrene, khuin lac ching HNBCd] ¢6 hinh tron, trong, mau vang dam, kich thudc tir
1 - 2 mm. Két qua nhuém Gram cho thdy chiing thuge nhém v1 khuan Gram 4m, dudi kinh hién
vi dién tir quét JEOL 5410 LV, c6 hinh hat ddu bé mat t& bao sin sui nhu gai kich thuoc
0,4-0,57 pm x 1- 1,7 um.

Bang 4. Kha nang str dung 7 loai PAH khac nhau cia chung HNBCd1

TT X Loal PAH Hi,éu sut Sy thay d6i mau méi truomg nudi ciy
(ndng 46 100 ppm) | chuyén hoa (%)
1 Phenanthrene 41 .MB&i trrdng chuyén mau vang dam, hoi d6
2 Anthracene KPT Mabi truomg chuyén mau hdng nhat
3 Fluoranthene 40 M5 truémg chuyén miu da cam
4 Naphthalene 38 Méi trudng chuyén miu vang hoi dam
5 Pyrene 52 Mbi truémg chuyén mau vang dém, hoi nau
6 Chrysene KPT | MB&i trromg chuyén méu vang nhat
7 Fluorene 40 Mbi trudmg khong chuyén mau

Chii thich: KPT: khéng phén tich.

Cac miu nuéi ¢ vi sinh vit duge phan tich song song bang UV — VIS véi tung d6i chimg
khéng ¢6 vi sinh vét. Két qua bang 4 cho thiy sau 2 ngdy nudi cay trén mdi truomg khoang ¢
chira bdy PAH khac nhau, ching HNBCd| sir dung tit c 7 loai PAH: 38% Naphthalen, 41%
Phenanthren, 40% Fluoren, 40% Fluoranthen va 52% Pyren véi ndng d6 ban diu 100 ppm méi
PAHs va sau 2 ngay nudi cdy. Véi mbi PAHs khac nhau, mau ctia moi trudng ddi mau khac
nhau. Hai PAHs 1a Anthracen va Chrysen chua cé diéu kién phén tich kha nang phan huy.

Cac nghién ciru qubc té vé& phan lap va danh gia kha ning phdn huy da duoc cong bd rit
nhiéu. Mdt nghién ciru vé ching Mycobacterium sp PYR-1 céng bd cé kha ning phan huy 74%
hén hop PAH gdm Phenanthren, Anthracen, Fluoranthen, Pyren, Chrysen va Benzo[a]pyren sau
7 ngay nudi cdy tuy nhién ndng d6 ban dAu rit thip, chi 12 17 mg/l [4]. Weissenfels, 2000, cong
bb ching Alcaligenes denitrificans ww1 phan huy Fluoranthen rit manh v&i téc d6 300 mg/! mdi
ngay ddng thdi cé kha ning dong trao dbi chit véi cac loai PAH khac nhu Pyren,
Benz[a]anthracen [2].

Xue—Jing Zheng va cfng su (2007) dd nghién ciru kha ning chuyén hoa sinh hoc cua tap
doan vi sinh vét hiéu khi c6 trong bun cbng, bd sung chit hoat dong be mit Tween 80 cho hiéu
qua loai bd PAH trén 95% d6i voi PAH chira 3 vong thom va ting téc d6 loai bo PAH chira 4
vong thom sau 21 ngly. Ciing bb sung Tween 80 (0,5%). Dhenain va cong su [1] da cho thiy
kha nang loai bd tir 35 - 50% Benzo(a)anthracene, Benzo(a)pyrene, Bbenzo(b)fluoranthene,
Benzo(j)fluoranthene, Benzo(k)Fluoranthene, Fluoranthene trong bun den cua cdng nghiép
nhom.

Ching BPQI cia tac gia Nguyén Ba Hiru va cong sir (2007) chi c6 thé sir dung Phenathren
va Fluoren ma khéng st dung dwgc cic PAH khéc. Ciing téc gid nay va cfng sy dd phén 1gp
dugc 7 chang vi khudn tir mau bun cat tai Khe Ché, Quang Ninh trong d6 ching vi khuan KCP8
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¢6 kha ning chuyén hoa 6 loai PAH sau 7 ngay nudi ciy 1a Phenanthren 80,0%, Anthracen
71,1%, Fluoranthen 41,0%, Naphthalen, Fluoren, Pyren va 76,1% hdn hgp Phenanthren,
Anthracen va Fluoranthen [15]. Chiing nim Aspergilus sp FVX5 cua tic gia Hoang Thj My
Hanh va cdng sw (2003) phan lap tir khu xir 1 lam sach can diu thé cta tdu Chi Linh, ¢6 kha
nang phin huy 266,69 mg/l Phenathren, 33,34 mg/l Anthracen, 19,16 mg/l Fluoranthen sau 7
ngay nudi cdy & didu kién 370C [10]. Sau 7 ngay nudi lac trén mai trudmg khoang cé bd sung
glucose, hai ching xa khuin XKDN12 va XKDN13 phan 13p tir dit nhiém chit déc hoa hoc ciia
tac gia Nguyén Duong Nhi, 2004, ciing c6 kha ning sit dung PAH, 32,7% va 45,0% vdi
Phenanthren, 39,0% va 52,2% véi Anthracen, 23,3% va 41,4% v&i Fluoranthen. Vi khuén
Sphingomonas yanoikuyae MXL-9 cia tac gid La Thi Thanh Phuong va cdng sir (2003) ¢6 khd
ning phan huy 64,5% Phenanthren va 61,4% Anthracen & ndng d6 ban du 12mg/1.

So sanh khi ning phin huy PAH thiy kha ning phin huy Phenanthren, Anthracen,
Naphthalen, Fluoren, Fluoranthen, Pyren, Chrysen cia HNBCd] 13 & mirc cao so vdi cac chung
¢é kha ning phan huy PAH manh d3 céng bo.

4. KET LUAN

Tir mdu nudc va cin thai nhidm dau cia kho xiing diu Ha Nam, VSV dj dudng c6 sb
fwong tir 10° dén 10° MPN/ml, vi sinh v4t sir dung hén hop xéing va DO 14 10° MPN/ml va VSV
sir dung PAH tir 10* dén 10° CFU/ml.

Ba muoi mbt ching vi khudn sir dung PAH d3 dugc phén lap ¢6 kha nang sir dung 7
hydrocacbon thom da vong & mirc d§ khac nhau trong do ching HNBCd] the hién kha ning
phan huy PAH t&t nhit ¢ duge chon dé nghién ciru.

Ching HNBCd1 thude nhérp vi khudn Gram 4m, khuén lac tron, méu vang déim,"trong, 151
béng, kich thude tir 1 — 2 mm. T¢€ bao ching HNBCd1 hinh hat dau, bé mét khong nhan, cé gai,
kich thudec 0,4 — 0,6 pm < 1 - 1,7 um.

Ching HNBCd1 cé kha nidng sir dung 7 hydrocacbon thom da vong nhu Phenanthren,
Anthracen, Fluoranthen, Fluoranthen, Naphthalen, Fluoren, Pyren trong d6 Naphthalen bj phén
huy 38%, Phenanthren 41%, Fluoren 40%, Fluoranthen 40% va Pyren 1a 52% v6i nong 44 ban
dAu 100 ppm m&i PAHs va sau 2 ngay nudi cay & diéu kién lac.
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SUMMARY

BIODEGRADATION OF POLYCYCLIC AROMATIC HYDROCARBON OF
SOME BACTERIAL STRAINS ISOLATED FROM OIL CONTAMINATED
WASTEWATER AND SLUDGE IN HANAM DEFINE PETROLEUM STORAGE

Bioremediation technology has been successfully applied in Oil Contaminated Wastewater
Treatment Plant. In order to improve the effectiveness of biotechnology in oil cleaning up,
especially in reduction of polycyclic aromatic hydrocarbon (PAHs), microbial enumeration as
well as degradation ability of indogenous microorganism in oil contaminated slugdge and
wastewater in HaNam define petroleum product storage were carried out. The number of
heterotrogjhs, diesel oil-gasoline degrading microoganisms are from 2.4 x 10° to
1.1 x 10°MPN/ml , 4,3 x 10* to 4.6 x 10* MPN/ml respectively. The PAH degrader are from
3 x 10* to 3 x 10° CFU/ml. Thirty one PAH degrading bacterial strains were isolated, among
those HNBCd1 was selected to study. HNBCd1 colony is round, convex, smooth, dark yellow
and 1 - 2 mm diameter. HNBCd]1 cells are bean shape and 0,4 - 0,6 um width and 1 - 1,7 pm
length. HNBCd1 is able to degrade 7 PAHs such as Phenanthren, Anthracen, Fluoranthen,
Fluoranthen, Naphthalen, Fluoren, Pyren in different levels, in which Naphthalen 38%,
Phenanthren 41%, Fluoren 40%, Fluoranthen 40% and Pyren 52% with initial concentraration
of each PAHs was 100 ppm after 48 hour shaking incubation.
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