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HQP CHAT HYDROCARBON TH OM DA NHAN (PAHs) VA KH A NANG PHAN HUY
SINH HQC BOI VI KHU AN

Nghiém Ngoc Minh, Cung Thi Ngoc Mai
Vién Cong ngh sinh ke

TOM TAT

Trén thé gisi va ¢ Viét Nam hgn nay, ciing §i sy phéat trén nhanh chéngi@ xa i, nhu éu vé nguwn
nguyén, nhién éu cia con ngoi ngay cangang kéo theo s ms rong cac nganh cong ngii khai thac, ch
bién nhr céng nghdp diu mo, sin xuit son, sin xudt gidy, cong nghdp dét nhuwm hay 4n xuit cac héa cht
tay rira,... Hait dong aia cac nganh cong nglpi nay hang #m da thai ra mjt luong lon chit doc gay 6 nhim
moi tnx(‘mg va céanh hrong dén sirc khoe con ngoi. Ngoai not s sr ¢d, nguyén nhan chinhia 6 nhEm méi
truong la do céac cht thai khongdugc xu ly triét d& hay chraduoc xir Iy vin hang ngay ti ra méi teong, pha
v can king sinh thai va gaynh hréng nghiém tsng ddi vai sirc khoe con ngoi. Trong $ nay phii ké dén
cac hyp chit hydrocacbon tm (PAHS) la cac cht thuong gay ra ung thvadot bién ¢ nguoi. Ching ludn cé
trong nréc, cac cht thai cong nghép va trong du mo. Sy phan liy hoan toan cacdp chit PAHsdoi hoi sy
tham gia @a tip doan céc vi sinh at. Khi PAHs dugc hip thy boi vi sinh vat, chdng & phan fiy theo con
duong héu khi king cach gn thém 2 nguyénitoxy nhy vi khuin dé tao hop chit cis-dihydrodiol hay cac ¢p
chit phenol. PAHs @ing c6 ti¢ haat dong ki hé enzyme By, cia nhu rim va vi khuin dé tao arene oxide.
Su haat héa nay @ng c6 té duoc thuc hién nhy cAc enzyme phanif lignin tao ra quinine. Tuy nhién trong

bai nay chang téip trung vao kh ning phan By PAHSs hyi vi khuan.

Tir khéa: PAHs, phan ly PAHs, phan #iy PAHs i vi khuin, bop chit cis-dihydrodiol, lap chit phenols

MOT SO BAC BIEM CUA PAHs

PAHs la gi?

PAHs (Polycyclic Aromatic Hydrocarbons)
dugc ar dung dé chi mot sd cac clit hitu co gdm hai
hay nhéu vong hydrocarbon tm lién Kt véi nhau,
dugc hinh thanh trong qué trinkbt chay thanda,
diu, b, rac thi hay cac bp chit hiru ao nhu thubc
l& va tht chay thanh than. PAHsitbing ©n tai dudi
dang Mn hop (1 pHin cia sin ptim dét chay vi a
nhr bd héng). Mot vai PAHs dugc st dung lam
thudc va ko mau, nira va théc trr sau, ndt 5 khac
thi chra trong nlra dwong. Chang c6 thduoc tim
thdy trong k& mit caa diu thé, thanta, nhra thanda,
dau va nhra carton. PAHsdugc tim thy & moi
truong trong khéng khi, wsc va dit. Ching xdt
hi¢én trong khong khidgong thoi tin cong va lién &
vao phin tir bui nhu cat saut6 tich o trongdét haic
tram tich.

CAu tric héa hoc va mjt so dac tinh co ban ciaa

PAHs

‘Tai nhiét d6 thuong (tr 15 - 35°C), PAHSs tinh
khiét ton tai ¢ thé ran, khdng mau hix c6 mau ting

hay mau vang chanh. Tuy #uvao kii lugng phan
tir ma cac PAHSs c6 riimg tinh clat vat ly, hoa hc
khac nhau. Nhin chung, ching céathio ndng cliy
va nhit do sbi cao, 4p €t bay hvi thap va #t it tan
trong nréc nhrng tan ét trong chit béo. Mt s dic
tinh @ ban cia PAHdugc mé # trong king 1 (Lan
Sander, Stephen Wis, 1997).

Hé sb Kp® cao, cac PAH c6 xuudng ting kha
nang Hip phu Ién B mat cac \it liéu rin, trong tng
véi su giam kha nang phan iy sinh tvc. B6 hoa tan
trong nréc cia PAH t 1é nghich wi chi b Kp. PAH
la nhing chit ky nuéc. Kha ning gay 6 nlim moi
truong tuy thiée kha ning hoa tan wa chung trong
mdoi truong nrdc (Carl Cerniglia, 1992; Simst al,
1983).Dic diém vé kha ning hoa tan va ap suhoi
cia PAH la nhand chinhanh hrong dén khi ning
phan tan ea chung trong khi quéy, thiy quyén va
sinh qugn. S lugng vong benzen trongie tric héa
hoc cia cac PAH quét dinh kha ning hoa tan @a
cac PAH trong néc. PAH gim kha nang hoa tan
trong nréc hay #ing tinh k; nuée khi $ lwong vong
benzening (Wilson, Jones, 1993). Kmang hoa tan
cia cac PAH it bién dong, tr nhiing cHit khé hoa
tan nhit la benzo(b)perylene c6 clsd hoa tan 1a



0,003 mg/l chodén chit dé hoa tan nft la
naphthalene c6 ¢fsd hoa tan di 31 mg/l. Neu kha
nang hoa tan trongudc aia PAH thip, hay I s
hip phu cao, ch sb Kp cao § din dén cac PAH c6
xu heéng b hip phu trong @n bun,dat da va thm
tich, dodé anh hrong it nhidu ti kha ning ching
bi phan iy sinh hoc boi vi sinh vat (Ahn Y et al,
1999). Naroc lai, kha ning hda tan trongudc cia
PAH cao thi kB niang b phén iy boi vi sinh vat
ciing cao.biéu d6 cho thy kha ning hoa tan trong
nugc cia cdc PAH cénh hrong dic biét quan tong
trong qua trinh phéandly sinh lvc PAH.

Hé sb Kp® cao, cAc PAH c6 xuudng ting kha
nang Hp phu [én B mat cac \it liéu rin, trong tng
v6i sy giam kha ning phan ky sinh ke vi khi ch s6
Kp cao thi c6 ngia 1a $ nguyén & carbon, § mach
vong trong phanit PAH dé ding ting 1én do gy né

H Naphthalene
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<2 kho b phén liy hon tic 1a € 1am giam kha ning
phén fiy sinh hyc.

Ap suit hoi va nhiét do sbi ding c6 vai trd quan
trong trong qua trinh x ly loai bo PAH khoi cac
dia diém 6 nh&m, ndanh hrong dén kha ning hoa
hoi cua mdi PAH, ma s bay hvi ciing 1a ndt cach
dé loai bo PAH khoi ngudbn & nhEm. Khi ap sét
hoi tang, khi nang bay i ciing ting. Khi ning
bay hvi ciing phi thusc vao kich tirgc va ki
luong phani. Tir ciu trac phanit PAHs ¢ trén va
HINH 1 ta thiy, naphthalene c6 kichithc nh nhét
nén c6 kA ning bay ki dén 89%, trong khido
BaP la hyp chit c6 kich thréc I6n, chi c6 khi nang
bay hi 1%. Phenanthrene latdng phan aa
anthracene cdo6 bay hvi thip hon do du tric phan
tir chira cac vong thm khong tling hang nh trong
ciu tric @ia anthracene.

H2 H2
C Cc
‘ 1 rs |

Acenaphthene

O@““‘

Acenaphmvlenc

Fluorene

Phcna.nthrcnc A

Anthracene

Fluoranthene

Chrysenc

Cholantherene

“&@.

Perylene

Benzo[a]pyrene

Coronene

Hinh 1. CAu tric héa hoc ctia mét sb loai PAHs (Lane Sander, Stephen Wis, 1997).
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Bang 1.Tinh chét vat ly ciia mot sb loai PAH.

Tén loai PAH Sévong  Nhi ét do Nhiét do Po tan LogKp ° Ap suét hoi
nébng chay soi trong n wérc ¢20°C
(°C) C) (mg/l) (torr)
Phenanthrene 3 101 340 1,29 4,45 6,8.10"
Anthracene 3 216 340 0,07 4,46 2,0.10*
Fluoranthene 4 111 250 0,26 5,33 6,0.10°
Benzo[a]anthracene 4 158 400 0,24 5,61 5,0.10°
Pyrene 4 149 360 0,14 5,32 6,8.107
Schyrene 4 255 488 0,02 5,61 6,3.107
Benzo[a]pyrene (BaP) 5 179 496 0,0038 6,04 5,0.107
Dibenzo[a] anthracene 5 262 524 0,0005 5,97 1,0.10™
Benzo[g,h,i]perylene 6 222 - 0,0003 7,23 1,0.10™

Ghi chu: * Kp®= [octanol]/ [nudrc].

Ngudn gbc phat sinh va khi ning tich tu PAHs

PAHs duoc hinh thanh anyéu tir cac qua trinh
nhiét phan,dic biét tir sy dét chay khdng hoan toan
cia hyp chit hiru ao trong cdng nglép va trong cac
hoat dong khac éa con ngoi, vi du nhe qua trinh
khai thac tharda va du mo, sr dét chay @a cac khi
thién nhiéndét chay nhién Bu tr; khi thai cua céac
phrong tién giao thdng, it quéa trinh ch bién thic
an, tir khoi thube 14, khi thi caa cac 16dét rac (rac
thai y té va rac thi do thi); cac qua trinh cong
nghiép nhr b¢ gy cac lién & mach dai éa cac cht
hitu oo c6 trong du mo, cac congloan duc sit thép
va gin xuat nhém, than chi. Cét hang tsm PAHs
khac nhau, ning dugc biét dén nhidu nhit la
benzo[a]pyrene (BP). Ngoai ra, con c6 & sb cac
hop chit vong ttom khac nhr: carbazole, acridine
hay nitro-PAHSs, c6 thsinh ra i sy d5t chay khong
hoan toan. Néi 6t cach éng quat, PAHstuoc sinh
ra nhdu nhit tir cAc hat dong céng nghip va cac
hoat dong khac éa con ngoi.

PHAN HUY SINH HOC PAHs BOI VI SINH VAT

Con dwong phén hiy sinh hgc PAHs boi vi sinh
vat

Nhirng nghién ¢u gin day da ch ra ring vi sinh
vat phan iy PAHs 1a 1 qua trinh e¢hyéu co6 khi
nang loai bo cacdoc to c6 trong thm tich va B mat
dét (Simset al, 1990). Ning hyp chit nay c6 th la
hdn hop céac cht bi phan iy (khoang héa) hayib

chuyén héa nét phan (Hinh 2) Wi tap hop céc vi
sinh \dt hay céc vi sinh & don l¢ (Cerniglia,
Heitkamp, 1989). @ phan hiy sinh hyc trongdat 6
nhidm chra PAHSs la mt cachdé loai bo & nhém,
chiing ding c6 tié dwoc loai bo nhy thidudét.

Trong st cac i ky trudc, mot luong bn cac
vi sinh \at da dugc phan 4p c6 khi ning phan hy
cac PAHs khac nhau vainihg conduong phan hy
PAHs mbi ciing da dugc chi ra. Cac nha khoaok
cho #ing, cac contudng phan by PAHs i vi sinh
vat cha yéu 1a theo contuong dong traodoi chat.
Hién nay, xr ly chit 6 nhém theo plrong phap vi
sinh (bioremediation) la & huéng di méi mé va
day trién vong trong gii quyét cac vin dé 6 nhém
mdi treong. Plrong phéap phanty sinh hc dugc
rng ding hién nay nhr: bé sung cac vi sinhat c6
kha ning phan By chit doc vao vung 6 nBim
(bioaugmentation), kich thich phatémicia vi sinh
vat ban dia (biostimulation). Pirong phap phéanity
sinh hoc khdngddi hoi cac diéu kién phic tap nhr
nhiét d6 cao, ap sit, qua trinh xlc tac....; khéng gay
ra 6 nhém thr cip, than thén véi mdi traong, chi
phi thip dodé rat phi hyp véi diéu kién & nuéc ta.
Han ché ciia cac plrong phap nay la th gian xt ly.
Qua trinh phan ity sinh kc cac lp chit
hydrocarbon cé thduoc thrc hién boi rat nhiéu cac
vi sinh vat (Al-Turki, 2009), trongdd vai tro @a vi
khuin d& duoc cac nha khoade nghién @u tir rit
lau. Trong Bng 2d4 cH ra c6 ton 60 gbng vi khiin
c6 chra cac loai khac nhau c6 kming phan hy
hydrocarbon.
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Qué trinh phan h ay dau tién

CO;

v
Khoang héa hoan toan

Hinh 2. M6t sb con dwéng chuyén héa ciia PAH (Carl Cerniglia, 1992).

Bang 2. Céc chi vi khuan cé kha nang phan hiy PAHs (Al-Turki, 2009).

1. Achromobacter 16. Azotobacter 31. Escheriachia 46. Phorm

2. Acidovorax 17. Bacillus 32. Flavobacterium 47. Proteus

3. Acinetobacter 18. Beijerinckia 33. Gordona 48. Pseudomonas
4. Actinomyces 19. Beneckea 34. Klebsiella 49. Rhodococcus
5. Aerobacter 20. Brevibacterium 35. Lactobacillus 50. Sarcina

6. Aeromonas 21. Clavibacter 36. Leucothrix 51. Serratia

7. Agmenellum 22. Clostridium 37. Marinobacter 52. Spherotilus

8. Agrobacterium 23. Coccochloris 38. Micrococcus 53. Sphingomonas
9. Alcaligenes 24. Comanonas 39. Microcoleus 54. Spirillum

10. Alteromonas 25. Corynebacterium 40. Moaxella 55. Streptomyces
11. Anabaena 26. Curtobacterium 41. Mycobacterium 56. Thermoleophilum
12. Aphanocapsa 27. Cyclolasticus 42. Nocardia 57. Vibrio

13. Arthrobacter 28. Cytophaga 43. Nostoc 58. Xanthomonas
14. Aureobacterium 29. Enterobacter 44. Oscillatoria

15. Azosporillurn 30. Erwinia 45. Peptococcus

Kha niang phan hiy sinh hoc cia mt sb loai
PAHSs béi vi khuin
Mgt s3 nghién azu trén thé gidi
Naphthalene

Kha ning phan by naphthaleneiuoc nghién
ciru nhieu nhat trong  cac PAH vi n6é céau tric

4

don gian nHit, hoa tan @ nhat va vi sinh it c6 khi
ning phan hy naphthalene ddangdugc phan 4p.

C6 rat nhiéu vi khuan dugc phan 4p va s dung
naphthalene nhngwn carbon va ing lrong duy
nhit dwoc cdng 6: Alcaligenes, Burkholderia,
Mycobacterium, Polaromonas, Pseudomonas,
Ralstonia, Rhodococcus, Spingomonasva
Streptomyceglong-Su Seo, 2009)
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St phan liy naphthalenetugc bit dau bing 1
loat cac enzyme, naphthalene dioxygenadsecbng
vao vong tom hinh thanhcis{1R, 2S)-dihydroxy-
1,2-dihydronapthalene cis-naphthalene
dihydrodiol). Cis-naphthalene dihydrodiodid dugc
tao thanh sau d6 loai hydro to 1,2-
dihydroxynaphthalene d enzyme cis-dihydrodiol

2H-chromene-2-carboxylic  acid, cis-o-hydroxy-
benzalpyruvate va 2-hydroxy-benzaldehydearé®
tiép theo, 1,2-dihydroxynaphthalenei loxy hdéa
thanh napthaquinone. Salicylatexdimg b loai bot
carbondé tao thanh catechol vajlkchuyén héa ét
vongé vi tri meta-vaortho-. Fuenmayor vaong tac
gia da ch ra fing salicylate b chuyén héa thanh

dehydrogenase. & d6, 1,2-dihydroxynaphthalene gentisate bi enzyme salicylate-5-hydroxylase (Jong-
bi chuyén hoa thanh salicylate thong qua 2-hydroxySu Seo, 2009).
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Hinh 3. Con dwdng oxy héa cla naphthalene béi vi khudn (Goyal et al., 1997; Auger et al., 1995; Baboshin et al., 2008;

Denome et al., 1993; Kiyohara et al.,1994).

Phenanthrene

Phenanthrene c6 g vung “bay” va vung “K”
c6 khi nang hinh thanh epoxide, ladinchat c6 khi
nang gay ung th. Phenanthrene la éh PAH don

gian nhit c6 chira nHing ving nay. Chinh viay,
phenanthrenaiugc sr dung la @ chit chuan dé
nghién ¢u o ché chuy¥n héa @a viung bay- va
vung K- trong cac PAHs gay ung uthnhu
benzp]pyrene, benz@]anthracene va chrysene.
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Viung bay- aa phenanthrene la vungigi nguyénd  Burkholderia, Comamonas, Mycobacteria,
carbon 6 4 va 5 va ving K- la vungm lien Kt s5 Pseudomonaga Sphingomonada dugc phan 4p va

9 va $ 10. Mt sb luong I6n céac vi khdn thwe cac  ching c6 kh ning sr dung phenanthrene omgwn
chi: Acidovorax, Arthrobacter, Brevibacterium, carbon va ing lrong duy nfit (Jong-Su Seo, 2009).
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Hinh 4. Con dwdng phan hiy phenanthrene béi vi khudn (Baboshin et al., 2008; Boldrin et al., 1993; Casellas et al., 1997;
Grifoll et al., 1995; Wattiau et al., 2001; Monna et al., 1993). 1. Phenanthrene; 2. cis-1,2-dihydroxy-1,2-dihydrophenanthrene;
3. 1,2-dihydroxyphenanthrene; 4. 3-hydroxy-3H-benzo[flchromene-3-carboxylic acid; 5. 4-(2-hydroxy-naphthalene-1-yl)-2-
oxo-but-3-enoic acid; 6. 2-hydroxy-naphthalene-1-carbaldehyde; 7. 2-hydroxy-1-naphthoic acid; 8. 5,6-benzocoumarin; 9.
cis-9,10-dihydrophenanthrene; 10. 9,10-dihydroxyphenanthrene; 11. 2,2'-diphenic acid; 12. cis-3,4-dihydroxy-3,4-
dihydrophenanthrene; 13. 3,4-dihydroxyphenanthrene; 14. 2-hydroxy-2H-benzo[h]Jchromene-2-carboxylic acid; 15. 4-(1-
hydroxynaphthalene-2-yl)-2-oxo-but-3-enoic acid; 16. 1-hydroxy-naphthalene-2-carbaldehyde; 17. 1-hydroxy-2-naphthoic
acid; 18. 7,8-benzocoumarin; 19. 1-(2-carboxy-vinyl)-naphthalene-2-carboxylic acid; 20. 2-(2-carboxy-vinyl(-naphthalene-1-
carboxylic acid ; 21. naphthalene-1,2-dicarboxylic acid; 22. naphthalene-1,2-diol; 23. 2-hydroxybenzalpyruvic acid; 24.
salicylic aldehyde; 25. salicylic acid; 26. gentisic acid; 27. coumarin; 28. 2-carboxycinnamic acid; 29. 2-formylbenzoic acid;
30. phthalic acid; 31. 3,4-dihydroxyphthlic acid; 32. protocatechuic acid; 33. trans-2,3-dioxo-5-(2'-hydroxyphenyl)-pent-4-
enoic acid.
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HOOC,
Phenanthrene HOOD O
pathway
@ COOH
OH

COOH HOOD ®
16

COOH COOH
OH

Hinh 5. Con dwdng phan hly pyrene bdi vi khuan (Carl Cernigna et al., 1992). 1. pyrene; 2. pyrene-cis-1,2-dihydrodiol; 3.
pyrene-1,2-diol; 4. 2-hydroxy-3-(perinaphthenone-9-yl)-propenic acid; 5. 2-hydroxy-2H-1-oxa-pyrene-2-carboxylic acid; 6. 4-
hydroxyperinaphthenone; 7. 1,2-dimethoxypyrene; 8. pyrene-trans-4,5-dihydrodiol; 9. pyrenen-cis-4,5-dihydrodiol; 10.
pyrene-4,5-diol; 11. phenanthrene-4,5-dicarboxylic acid; 12. 4-carboxyphenanthrene-5-ol; 13. 4-carboxy-5-hydroxy-
phenanthrene-9,10-dihydrodiol; 14. 4-carboxyphenanthrene-5,9,10-triol; 15. 2,6,6'-tricarboxy-2’-hydroxybiphenyl; 16. 2,2’-
dicarboxy-6,6’-dihydroxybiphenyl; 17. phthalic acid; 18. 4-phenantroic acid; 19. 3,4-dihydroxy-3,4-dihydro-phenanthrene-4-
carboxylic acid; 20. phenanthrene-3,4-diol; 21. 4-phenanthroic acid methyl ester; 22. 4-hydroxyphenanthrene; 23. 7,8-
benzocoumarin; 24. 2-hydroxy-2-(phenanthrene-5-one-4-enyl)-acetic acid; 25. 5-hydroxy-5H-4-oxa-pyren-5-carboxylic acid;
26. pyrene-4,5-dione; 27. 4-oxa-pyrene-5-one.

Gan day, Seo vaddng tAc gi (2006)da gii  cong b cAc nhém gen tham gia vao qua trinh phan
thich duoc ring sin phim cit vongo vi tri ortho- l&  hay phenanthrene qua catwong oxy héad vi tri
2-(2-carboxy-vinyl)-naphthalene-1-carboxylic acid,C3,4 ¢ia phenanthrene vaitcvong ¢ vi tri metas-
bi phan hy thanh naphthalene-1,2-diol théng quaQua trinh nay@ing c6 ti xay ra bvi sy oxy hoas vi
naphthalene-1,2-dicarboxylic acid va 1-hydroxy-2#ri C1,2 @&ia phenanthrengté hinh thanhcis-1,2-
naphthoic acid. Pagnout \@ng tac gi (2007)da dihydroxy-1,2-dihydrophenanthrene théng qua qua
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trinh loai hydro o 1,2-dihydroxyphenanthrene. Diol naphthoic aciddugc phan ky tiép dé tao ra
nay saudd dugc xuc tac 40 naphthalene-1,2-di@t  phathalic acidy vi tri ortho- va condudng salicylice
ca vi tri meta va ortho. Théng throng, vi tri meta: Mallick va ddng tac gi da c6 béao céo
phenanthren-1,2 va 3,4-diol ichyéu trai qua qua céit vong ¢ vi tri meta- cia 2-hydroxy-1-naphthoic
trinh cit vong \ tri meta dé tao ra 5,6- va 7,8- acid thanh ang trans-2,3-dioxo-5-(2'-
benzocoumarin. Naphthalene-1,2-diol ciiwgc tao  hydroxyphenyl)-pent-4-enoic acid &h
ra tr 1-hydroxy-2-naphthic acid va 2-hydroxy-1-Staphylococcusp. PN/Y.

5
H

HO.

Hinh 6. Con dwdng chuyén hda ctia BaP béi vi khuan (Schneider et al., 1996; Moody et al., 2004; Rentz et al., 2008). 1.
Benzo[a]pyrene; 2. benzo[a]pyrene-11,12-epoxide; 3. benzo[a]pyrenetrans-11,12-dihydrodiol; 4. benzo[a]pyrene cis-11,12-
dihydrodiol; 5. 11,12-dihydroxybenzo[a]pyrene; 6. hydroxymethoxybenzo[a]pyrene; 7. dimethoxybenzo[a]pyrene; 8.
benzo[a]pyrene cis-4,5-dihydrodiol; 9. 4,5-dihydroxybenzo[a]pyrene; 10. 4-formylchrysene-5-carboxylic acid; 11. 4,5-
chrysene-dicarboxylic acid; 12. chrysene-4 hoac 5-carboxylic acid; 13. benzo[a]pyrene cis-7,8-dihydrodiol; 14. 7,8-
dihydroxybenzo[a]pyrene; 15. cis-4-(7-hydroxypyrene-8-y)-2-oxobut-3-enoic acid; 16. pyrene-7-hydroxy-8-carboxylic acid;
17. 7,8-dihydro-pyrene-8-carboxylic acid; 18. benzo[a]pyrene cis-9,10-dihydrodiol; 19. 9,10-dihydroxybenzo[a]pyrene; 20.
cis-4-(8-hydroxypyrene-7-yl)-2-oxobut-3-enoic acid; 21. pyrene-8-hydroxy-7-carboxylic acid; 22. 7,8-dihydro-pyrene-7-
carboxylic acid; 23. 10-oxabenzo[def]chrysene-9-one.

Pyrene phan hiy pyrene d&8 dwoc nghién ¢u.
Mycobacteriumla vi khitin Gram (+)dugc nghién

Cac nghién @u trén ti gioi da cH ra @ng, cuu rong réi \ kha nang sr dung pyrene ni ngLﬁn
trong dat da timduoc vi sinh \at khoang héa pyrene. carbon va ang lrong duy niit. Heitkamp vadong
C6 1At nhidu vi khudn dugc phan 4p c6 khi ning tac gi (1988)da tim thy 3 sin phim aia qua trinh
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oxy hoa vong la pyreneis-4,5-dihydrodiol, pyrene- MQT SO NGHIEN CUU O VIET NAM
trans-4,5-dihydrodiol va pyrenol va 4is phim cit

vong la 4-hydroxyperinaphthenone, 4-phenanthroiﬁhé
acid, phthalic acid va cinnamic acid inisr dung

phrong phap UV, & ky khbi phd, NMR va GC. &

hinh thanh pyreneis-4,5-dihydrodiol king enzyme
dioxygenase va pyreneans4,5-dihydrodiol i

monooxygenasé@a chrng minh ndt loat kha ning

Tai Viét Nam, bén gnh mjt sb co o nghién ¢u
¢, VEn Cong ngh sinh hyc da tién hanh mt sb
nghién ¢u V& kha ning phan hy PAHs ding nhr sy
phan 1§ caa cac 4p doan vi sinh 4t tai cac ving
sinh thai khac nhau. Cac nghiéfucxr ly nudc thai
nha may diy (c6 chra cac cht PAHS) theo héng
. N . . han tiy sinh kpc tai quy mé phong thi nghin va
oxy hoa &n cdng vao pyrene. Pyrene-1,2-diol thi! ~ ~ ) " X . :
dugc & vi tri 1,2-C da dugc khoang hoéa thanh 4- Eggtncggsndiédlgg thél:ghfﬁn:]' Krft aqfaChg ﬂlﬁyn
hydroxyperinaphtenone theo cawong to cis-2- truon P aing g hga hay 4l hie
hydroxy-3-(perinaphtenone-9-yl)-propenic acid va 2- 9
hydroxy-2H-1-oxa-pyrene-2-carboxylic acid. Kim va DA c6 ndt sH cong I cua cac tac gitrong nréc
Freeman (200544 tim ra 1,2-dimethoxypyrene mh vé kha ning phan h¢i cac PAH éa cac chng vi
sin pham phu cia pyrene-1,2-diol. Pyrene-4,5-diol sinh \at duoc phan 4p tir cAc ngdn khac nhau. kn
da ki phan liy & vi tri ortho- tao phenanthrene-4,5- 2000, Ngugn B& Hru vadong tac gi d& phan 4p
dicarboxylic acid, bkhoang héa #p théng qua con dugc 7 ching vi khuin tir miu biin cat4di Khe Che,
duong o phenanthrene-3,4-diol va 6,6™-dihydroxy-Quang Ninh trongdé ching vi khuin KCP8 c6 kh
2,2'-biphenyl-dicarboxylic acid. & vong & vi tri nang chugn hoa 6 lai PAH sau 7 ngay nudiig.
meta- cia pyrene-4,5-diol &h t6i 5-hydroxy5H-4-  Chang vi khifin Sphingomanas yanoikuyaéxL-9
oxa-pyrene-5-carboxylic acid théng qua 2-hydroxyphan fp tr cin diu thé nd Bach Ho phan hy
2-(phenanthrene-5-one-4-enyl)-acetic  acid. an S 64,5% phenanthrene va 61,4% anthracene sau 7
pham chuy¥n hoéa nsi la 6,6-dihydroxy-2,2’- nudi dy ¢ ndng do thap (La TH Thanh Phong et
biphenyl-dicarboxylic acidid duoc xacdinh tr sy al., 2003). Cling KCP8 @a Nguy¥n Ba Hru va
phan iy pyrene Ibi Mycobacteriumsp. AP1. Liang ddng tac gi phan ip tai Khe Ché c6 kh ning phan
vadong tac gi da chi ra ang sr hinh thanh pyrene- huy hon hop PAH: phenanthrene, anthracene
4,5-dione va &u ket cac enzymean thict trong swt  fluoranthene sau 7 ngay nudtlo moi trong mubi
budc dau tién d@ia qué trinh phaniy pyrene i  khoang la 76,12%, trongé kha ning phan hy

ngay

va

Mycobacteriumsp. KMS. Kim vadong tdc gi  phenanthrene trongdh hop 1a 79,96%, anthracene

(2005) da tim ra 27 enzymeéan thiét trong con la 71,09% va fluoranthene la 41,01%MN2008, Lé
duong phan By hoan toan pyrene nhnhiing hieu Tién Manh vadong tac gi d& phan 4p duoc ching
biét vé gene va protein. BQN31 ir mau nuéc nhém dau thu thip tai bé thu

gom aia xi nghép khai thac rd Quang Ninh c6 ki

Benzo[a]pyren (BaP) nang sr dung 69,38% naphthalene, 60,24%

Schneider vatong tac gh (1996)da xuat ban
mot bai b4o miéuét vé sy phat hén cac sn phim
clia sr Cit vong thom cia BaP, Mycobacteriumsp.
RJGII-135 phat tén trén mdi tedong chra cao men,
peptone va tinhdt tan c6 ki ning chuygn hoa sinh
hoc 20 pg BP trong 50 ml méi trong. G ché cua
qua trinh phanity sinh ke BaP da dugc phat hén
(Hinh 5) king phrong phap &c ky khbi phé véi do
phan gii cao to cis-7,8-benzo[a]pyrenedihydrodiol,
4,5-chrysenedicarboxylic acid, cis-4-(8-hydroxy-
pyren-7-yl)-2-oxobut-3-enoic acid [Bo cis-4-(7-
hydroxypren-8-yl)-2-oxobut-3-enoiacid], va 7,8-
dihydropyrene-7-carboxylic acid (b0 7,8-
dihydropyrene-8-carboxyliacid). Tac gi chra phan Trong ndt vai mam tro lai day, phong Cong ngh
biét dugc giira gin phim cit ¢ vi tri meta-théng qua  sinh fpc méi tirdng thbe Vien Cong ngh sinh e
lién két 7,8 va lién Kt 9, 10 aia BaP, dod6 qua trinh  d& thanh cong trong & thir nghiém cong ngh phan
cit vong c6 ki ning to ra 2 4n phim theo 2 o hay sinh hc trong r Iy nuéc thai nhiém dau tai
ché do. Céng ty Xing diu B12, Gic Xing diu quanddi,

va 18,75% pyrene. {hg trong @m 2008, Phan Th
Hoang Hio vadong tac gi d& phandp dugc ching
BDNRL1 tr dit trong bioreactor k khi khong Kt
buoc xir ly dat nhiém chit diét co chira dioxin cé ki

va 20% fluorene; admg BDNR4 phan iy 61,5%

Ngoai ra, con it 50 cong trinh é@a céc tac gitrong
nuGc da cdng b vé kha nang phan by PAH aia cac
chang vi sinh it tai Viét Nam.
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phenanthrene, 18,52% fluorene, 25,9% anthracene

nang phan By 86,2% pyrene, 50% anthracene,
naphthalene va phenanthrene, 44,4% fluoranthrene

pyrene, 50% anthracene va naphthalene, 65,3%
fluoranthrene, 47% fluorene va 23,1% naphthalene.



tham gia x ly chit doc hoa hc/dioxin @i Da Ning
va Bién Hoa, th nghiém xu ly thubc bao vé thuc vat
DDT, 666, thidc nd TNT, x ly nuéc thai nha may
gidy Hai Duong, Thanh Héa.... trond6 thanh phn
PAHs c6 trong néc thii hoic dit bi 6 nhém da
duoc loai bo dang K. Sr gia ting nhirng hiu biét vé
tap doan vi sinh 4t phan iy PAHs va o ché phan
hiy sinh loc PAHs § gitp cho véc tim hiéu thém
vé sy phan tiy PAH trong trong lai.

TOm hi, nhitng hiéu biét vé phan fiy sinh hc
cac PAHSs Bi vi khuin da duoc xacdinh tir thap ky
trugc. Mot b ching vi sinh \it phan iy PAH da
duoc phan 4p va xacdinh dac tinh. Ging trong thi
giando, cac nghiéniau sau kbn da duoc tién hanho
mot sb viing nghién éu kha nang phan ky sinh ke
PAH. Trong qua trinh phanal sinh e, cac PAH
da Kt hop véi cac hydrocarbon khac trongih hop
va hi cac vi sinh gt phan fiy.

TAI LI EU THAM KHAO

Nghiém Ngc Minh & Cung Th Ngoc Mai

Metabolism of dibenzothiophene and naphthalene in
Pseudomonasstrains: Complete DNA sequence of an
upper naphthalene catabolic pathw&acteriol 175(21):
6890-6901.

Goyal AK, Zylstra GJ (1997) Genetics of naphthaland
phenanthrene degradation Bpmamonas testosteronl
Ind Microbiol Biotechnoll9: 401-407.

Grifoll M, Selifonov SA, Gatlin CV, Chapman PJ (1995)
Actions of a versatile fluorene-degrading bactesalate
on polycyclic aromatic hydrocarbonsAppl Environ
Microbiol 61(10): 3711-3723.

Heitkamp MA, Freeman JP, Miller DW, Cerniglia CE
(1988) Pyrene degradation by MElycobacterium sp.:
Identification of ring oxidation and ring fissiorqulucts.
Appl Environ Microbiol54: 2556-2565.

Hoang Th M§ Hanh, Ngugn Buong Nh&,Dang Th Cim
Ha (2003) Nm syi phan hiy hydrocacbon thm da nhan
phan fip tr cin diu thd @a géng khai thac 8u, Viing
Tau.Tap chi Cong ng&Sinh ke 1(2): 255-264.

Jong-Su Seo, Young-Soo Keum, Qing X Li (2009)
Bacterial degradation of aromatic compounds. A revie
Int J Environ Public Healtl(1): 278-309.

Ahn Y, Sanseverino J, Sayler GS (1999) Analyses of

polycyclic aromatic
isolated from contaminated soBiodegradation10: 149-

157.
Al-Turki Al

(2009) Microbial Polycyclic Aromatic

hydrocarbon-degrading  bacteri&im YH, Freeman JP (2005) Effects of pH on the

degradation of phenanthrene  and
Mycobacterium vanbaaleniiPYR-1. Appl
Biotechnol67: 275-285.

pyrene by

Microbiol

Hydrocarbons Degradation in SaRes J Environ Toxicol Kiyohara H, Torigoe S, Kaida N, Asaki T, lida T, yahi

3(1): 1-8.
Mrozik A, Piotrowska-sege Z, Labuzek S (2003) Baate

H, Takizawa N (1994) Cloning and characterizatioraof
chromosomal gene cluster, PAH, that encodes therupp
pathway for phenanthrene and naphthalene utilizabip

Degradation and Bioremediation of Polycyclic Aroroati pgedomonas putidaUS82.J Bacteriol176: 2439-2443.

HydrocarbonsPol J Environ Stud 2(1): 15-25.

La Thi Thanh Phong, Ngu@n B& Hiu, Bang Th Cim

Auger RL, Jacobson AM, Domach MM (1995) Effect ofyyy (2003) Phanty sinh hoc hydrocachon #m da nhan

nonionic surfactant addition on bacterial metalmlief

(PAH) boi ching vi khiin MLX-9 phan &p tir cin diu thd

naphthalene: Assessment of toxicity and overflowys Bach Hb, Viing Tau Tap chi Cong ngh Sinh hvc

metabolism potentiald Hazard Mated3: 263-272.

1(1): 109-117.

Baboshin M, Akimov V, Baskunov B, Born T.L, Kha.n Lane C Sander, Stephen A Wis (1997) Polycyclic
S.U, Golovleva L (2008) Conversion of polycyclic aromatic Hydrocarbons structure indeational Institute

aromatic hydrocarbons b$phingomonassp. VKM B-
2434 .Biodegradatior2008(19): 567-576.

of Standards and Technology (NIST) Special Puliinat
922.

Boldrin B, Tiehm A, Fritzsche C (1993) Degradation of| g Tién Manh (2008) Phanap, tuyén chon va nghién gu
phenanthrene, fluorene, fluoranthene, and pyreneaby . ning bhén hy sinh hoc hydrocacbon m cia ot

Mycobacteriumsp. Appl Environ Microbiol 59: 1927-
1930.

vai ching vi khiéin dugc phan 4p tr nuéc 6 nhém diu tai
Quang Ninh. Lugn win Thec & sinh hpc. Pai hoc S

Carl E Cemiglia (1992)Biodegradation of polycyclic Pham, Pai hoc Thai Nguyén.

aromatic hydrocarbons. Biodegradati®n351-368.

Monna L, Omori T, Kodama T (1993) Microbial

Casellas M, Grifoll M, Bayona JM, Solanas AM (1997)degradation of dibenzofuran, fluorene, and dibemzo-
New metabolites in the degradation of fluorene bylioxin by Staphylococcus auriculansDBF63. Appl

Arthrobactersp. strain F101Appl Environ Microbiol63:
819-826.

Environ Microbiol59: 285-289.
Moody JD, Freeman JP, Fu PP, Cerniglia CE (2004)

Denome SA, Stanley DC, Olson ES, Young KD (1993Pegradation of benzo[a]pyrene byMycobacterium

10



Tap chi Céng nghSinh lvc 8(1): 1-11, 2010

vanbaaleniiPYR-1.Appl Environ70: 340-345. Schneider J, Grosser R, Jayasimhulu K, Xue W,

a . . R , ~ ..  Warshawsk D (1996) Degradation of rene,
Nghiém Ngc Minh, Nguyen Thanhbic (2004) Phan e benzo[a]ant)rllracene( ;nd ’ benzo[a]pyrenepy by
chang vi khtin HDG1 phandp tir mau neéc thai nha may |

2 PR . ) Mycobacteriumsp. Strain RJGII-135, isolated from a
g';l%’ Hai Duong. Tap chi Cong ng# Sinh e 2(2): 245 ey coal gasification siteAppl Environ Microbiol62:

13-19.
Nguyén Ba Hiu (2002) Nghiéneu cac nhom vi sinhat
va kha nang phan ky hydrocacbon thm da nhan éa mjt
s chang vi khiin trong qua trinh x Iy 6 nhiém dau tai
Khe Ché, Qéng Ninh.Lugn win Thec § sinh lpc. Vién
Sinh thai va Tai nguyén sinfitv

Seo JS, Keum YS, Hu Y, Lee SE, Li QX (2006)
Phenanthrene degradationAnthrobactersp. P1-1: Initial
1,2-, 3,4- and 9,10-dioxygenation, amgtta- and ortho-
cleavages of naphthalene-1,2-diol after its fororafrom
naphthalene-1,2-dicarboxylic acid and hydroxyl rthpfc
Pagnout C, Frache G, Poupin P, Maunit B, Muller JRcids.Chemospheré5(11): 2388-2394.

Férard JF (2007) Isolation and characterizatiom gene .

cluster involved in PAH degradation tlycobacteriunsp. Sims RC’ Overcash MR (1983) Fate of polynuclear
strain SNP11: expression iNycobacterium smegmatis aromatmcompounds (PNAs) in soil - plant systems.
mc(2)155 Res Microbioll58(2): 175-186. Residue Reviev&s: 1-68.

Phan Th Hoang Ho (2008) Nghién eu phan Ry sinh  Srogy K (2007) Monitoring of environmental expostioe
hoc chit diét co chia dioxin dia mot b ching vi khién tir Polycyclic aromatic hydrocarbons: a reviewgnviron
4t nhidm chit doc hoa fc. Lugn win Tot nghiégp Dai hoc.  Chem Letb: 169-195.

Vién Bai hoc M& Ha Noi. Wattiau P, Bastiaens L, van Herwijnen R, Daal L, Bass
Rentz JA, Alvarez PJJ, Schnoor JL (2008) Benzo[ajmyre J.R, Renard M.E, Springael D, Cornelis G.R (2001)
degradation bphingomonas yanoikuyddR02.Environ ~ Fluorene degradation bySphingomonassp. LB126
Pollut 151(3): 669-677. proceeds through protocatechuic acid: a genetitysina

Res Microbiol152: 861-872.
Robert A Kanaly, Shigeaki Harayama (2000)

Biodegradation of High-Molecular-Weight Polycyclic Wilson SC, Jones KC (1993) Bioremediation of soils
Aromatic Hydrocarbons by Bacterid. Bacteriol 182(8):  contami-nated with polynuclear aromatic hydrocagon
2059-2067. (PAHS): a reviewEnviron Pollut88: 229-249.

POLYCYCLIC AROMATIC HYDROCARBON (PAHs) AND THEIR BI ODEGRADATION
BY BACTERIA

Nghiem Ngoc Minh, Cung Thi Ngoc Mai

Institute of Biotechnology
SUMMARY

Around the world and in Vietnam, with the developmef society, the request for raw materials ared fu
increases that bring about widenning exploitingycpssing industries such as: petroleum industrint pa
producing, wood producing, textile and dye indusirytoxic detergent and chemicals processatg, The
industrial activities release a large mount of idowaste, which pollute environment and influencemian
health. Beside some breakdown, the main reason lhitipa is the waste that doesn't strict treat oesn’t
treat and they discard the environment, to brealigh balance of ecology and cause serious effdutitaan
health. Among them there are several PAHs thatecaasmcer and mutation, they alway exist in water,
industrial wastes and petroleum. The complete diegien of PAHs from various sources requires a
community of microrganisms. When PAHs are takennbigroorganisms, they will be activated in aerobic
metabolism by insertion of two oxygen atoms by eaatand greenalgae to produce eittisidihydrodiols or
phenols. PAHs may also be activated by cytochroARf many fungi and bacteria to produce arendesxi
This activation may also be performed by lignin@eiing enzymes to produce quinies. In this revigaronly
focus on bacteria that degradate PAHSs.

Keywords: Bacterial degradation of PAHSs, cis-dihydrodiol giadation PAHs, phenols, PAHs
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