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ABSTRACT 

A method for biodegrading 2,4,6-trinitrotoliiene (TNT) as contaminant in solid waste by 
treatment of the contaminated waste under anaerobic using natural microorganisms is disclosed. 
Dry solid waste was first converted into a fluid medium by addition of water with a source of 
carbohydrate such as starch, potato processing waste, sewage sludge... The mixture was 
maintained in anaerobic condition and natural microorganisms fermented the carbohydrate and 
exhausted the oxygen in the fluid medium thereby rendering the slurry anaerobic which lowered 
the redox potential of the environment and promoted degradation of TNT in the followed stage. 
Anaerobic conditions were preferably determined via a potentiometric measurement, where a 
redox potential of -200 mV or less indicated strict anaerobic conditions. In the subsequent 
anaerobic stage, an inoculum of a mixed population of anaerobic microorganisms completed the 
mineralization of TNT, using the remaining carbohydrate as a carbon and energy source. 
Microbial activity can assist degradation of organic contaminants either directly by enzyme 
production, or indirectly, by maintaining the reduction conditions of the environment and thereby 
enhancing the inorganic and biochemical mechanisms. Bench scale experiment was conducted to 
assess the rate and exteiU of TNT biodegradation. Results indicated that after 6 to 7 weeks 
incubation the concentration of TNT reduced greater than 95% fiom 277 mg.kg' at the initial to 
below 13 mg.kg''. 

t ' I - G I O I THIEU g^y ° nhiim mdi trudng bdi cac loai chat thai 
cdng nghiep khic nhau trong dd cd cac hoa chat 

Cac loai chit nd cd nang lugng eao nhu cd tfnh nd, chay ngiy cang gia tang [2]. Trong 
2,4,6 trinitrotoluen (TNT), cyclotrimetylen- sd cic chat no co dge tinh cao ke tren, 2 4,6-
trinttramin (RDX) goi chung la cac nitro thom, trinitrotoluen la chat co nguy ca gay o nhietn 
la nhung chit ddc v i cd kha nang gay ung thu cao nhat do day la thanh phan ch-^^yeu trong 
[3]. Viec sin xua't. tang trd vi sd dung rdng rai nhieu lo,i chat no dang dugc san xuat hien nay^ 
cic chit tren gay tinh trang d nhiim khdng khi, Nudc thai tu cae co so san xuat thuoc phong 
I vi ngudn nude d n h i i u \ a i tren th i gili [2 - thudc nd (TTTN) deu chda mdt ham lugng nao 
7: ^ dd cic chat tren va la nguyen nhan gay o nhiem 

'' ^ . , , da't, ngudn nudc ngim, inh hudng khdng nhd 
C5 Viet Nam cung vdi sir phit trien cua ^^.^ gy jg-̂ ĝ .̂jja cgn ngudi va cic sinh vat sinh 

nganh cdng nghiep qude phdng (CNQP) ndi ^^-^g gg^ ^-ic co sd tren. 
Chung va su phit triin cua cic co sd, nha miy ^,^ ^^^ ^j^, . ^^^^ - p p ^ j . 
_2_ ='. ~ : „ ^A..r, i7Qt l iA i i n n nrt i ripriCT ncriiv r.cl •' san xuat, gia cdng vat lieu nd ndi rieng, nguy ca 
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giam thieu d nhiim mdi trudng tai cac ca sd 
CNQP mdi dugc quan tam de'n gin day va budc 
diu quan tam din xu ly nude thai. Viec xu ly 
chit thai rin bi nhiim cic hoa chat cd tfnh no, 
chiy td eac ca sd CNQP hien nay chu ye'u li 
dung phuang phap dd't [1]. Phuang phip nay 
kem an toan va khdng giai quye't dugc van di d 
nhiim khi thai sinh ra [3, 4, 6]. Trong qui tnnh 
tim kie'm cic cdng nghe thich hgp de xU ly chat 
thai sinh hoat vi loai chit thai rin vda nguy 
hiem vda ddc hai nhu TPTN, ngudi ta rat chd y 
din eac giai phap cdng nghe gii thanh h^ trong 
dd cd eac giai phap sd dung cic che phirn^ hoi 
hgc, sinh hgc vi hoa sinh di vda khu tfnh nd vda 
phan huy dugc cac chit nd din cic sin pham 
khdng ddc hoac ft ddc han vdi mdi trudng [2]. 

Trong bai bao nay chdng tdi trinh bay kit 
qua nghien cdu phan huy TNT trong chat thai 
rin td eac co sd CNQP bing phuang phap vi 
sinh. Qui trinh gdm hai giai doan, giai doan dau 
la giai doan len men: Cie vi sinh vat tu nhien cd 
sin trong hdn hgp se len men cacbohydrat trong 
dieu kien ki khf vi tieu thu hit oxi hda tan tao ra 
mdi trudng khd cd tic dung thdc diy su phan 
huy TNT trong giai doan sau. Mdc do phat triin 
cua vi sinh vat (VSV) ki khf ed thi xic dinh 
thdng qua viec do thi oxy hda khu cua dung 
dich. Trong giai doan tiip theo, mdt me ciy vi 
sinh cd kha nang phan huy TNT dugc dua vio 
hdn hgp. TNT trong chit thai rin bi VSV phan 
hiiy tren 95% sau 6 - 7 tuin. Mdt phin hdn hgp 
chit thai sau khi da xd ly nhu tren, trong dd cd 
chda quin the vi sinh vat cd kha nang phan giii 
TNT dugc gid lai di lam mdi cho nhung lan thu 
nghiem tiip theo. 

II - THUC NGHIEM 

1. Thiet bi va hda chat 

Di phan tfch ham lugng TNT vi cic nhan 
dang san phim phan huy da su dung phuang 
phap Jenkin tren miy Spectro UVS-2800 
Labomed, phuong phip 8330-EPA tren miy 
HPLC 1050 HP vdi detector UV, va thie't bi LC-
MSD-Trap-SL-Agilent, USA. Hda chit dugc su 
dung la cic hda chat tinh khiit phan tfch: 
izobutylmetylxeton, dicyclohexylamin, 
xetylpiridin, cac dung mdi tinh khiit sic ky: 

axetonitrin, axeton, etanol ciia hang Mercli 
(CHLB Ddc). 

2. Phirang phap thuc nghiem 

Dd'i tugng nghien cdu la chat thai ran tai nha 
may ZX thugc Tdng cue CNQP, gdm eac loai 
gii lau, bao bi, mun cua, rac, dat, cat... co chiia 
TNT vdi ham lugng bang 277 mg.kg"' (ppm theo 
khd'i lugng). 

Chat thai rin (ric va cac loai bao bi) dugc 
cit nhd vdi kich thudc 0,3 - 0,5 cm, cho vilo 
thdng, them vao dd khd'i lugng nude ty le 1:1 
(du di dugc hdn hgp nhu vua) de su dung cho 
nghien cdu. 

3. Che tao men vi sinh cd kha nang khii TNT 

Trong mdt binh kin thi tich 300 ml cho vao 
dd cac chat dinh dudng nhu nudc rau qua. nudc 
thit, tinh bdt, dudng, vii gam chat thai ran tai 
nhi may ZX, them nudc din 250 ml. Day kin di 
VSV ki khf phit trien. De giam sat mdc do phat 
trien cua cic VSV ki khi da su dung phuong 
phap do the oxi hda khd cua dung dich. The oxi 
hda khu cua dung dich cang am chung to VSV 
ki khf cing phit triin manh [6]. Khi thi khir 
giam xud'ng nhd han -200 mV them din titng 
lugng nhd (1 ml) dung dich chda TNT (nong dp 
79 mg/lit) de VSV thfeh nghi din. Trong qua 
trinh nay chung vi khuin nao khdng thfeh nghi 
dugc vdi ddi tugng mdi va khdng cd kha nang 
phan huy TNT se bi uc chi sinh trudng hoac bi 
tieu diet. Sau mdi lin them, de cho thi khu giam 
xudng dudi -200 mV (thdi gian nay khoang 2 -
4 ngay) lai cho them nhdng luang tang din dung 
dich chda TNT (1,5; 2; 3 ml). Sau khi VSV da 
thi'ch nghi vdi su cd mat cua TNT, liy mgt phan 
ba dung dich trong binh chuyen sang binh m6i 
(thi tfch 300 ml), them vio dd dung dich TNT 
cho diy binh. Luc nay lugng dinh dudng trong 
binh da giim, VSV se chuyen din sang sd dung 
TNT nhu mdt ngudn thdc an chfnh. Tiep tuc 
ngam u nhu vay cho din khi the khu giam 
xudng cdn -300 de'n ^ 0 0 mV (thudng sau 
khoing 2 - 3 tuin). Chuyin toin bd lugng dung 
dich trong binh sang bat sd, them vao do tinh 
bdt khoai tay da nau chin, siy d nhiet do 60°C 
trong 3 gid. Td'e do gia nhiet la 20°C/gid. Sau do 
de ngudi, cho bat sd vao trong binh hut am bang 
silicagen. Khi lugng chat trong bat sd da kh6. 
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dung cdi chay sd nghien nhd, bao quan trong lg 
kfn, dung lam men vi sinh cho qua trinh phan 
huy TNT. 

4. Kiem tra men vi sinh 

De kiem tra chit^ lugng va mat sd cua vi 
khuan trong chi pham men cd thi sd dung 
phuang phap dim. Cho thach aga (hoac tinh bdt 
khoai tay nau chin) da tiet trung vao dIa petri 
eho tao thinh ldp mdng. Lay 1 gam ehe pham 
men vi sinh tao dugc d tren, pha loang bing 
nudc cat tiet trung. Hdt lay 1 ml dung dich 
loang cho len ldp thach, ling cho dung dich phu 
diu ldp thach, day kin. Sau 3 - 4 ngay, dim sd 
vit ddm tren mat ldp thach (mdi vit ddm la mgt 
dam khuin lac sinh ra td 1 bao td trong men vi 
sinh), nhan vdi he sd pha loang se tinh dugc sd 
vi khuin tren 1 gam men vi sinh (mat so). 

5. Giai doan len men 

Hdn hgp vda chat thai (trdn chat thai rin vdi 
nudc theo ty le 1:1 theo khd'i lugng) dugc cho 

vio binh kin cung vdi eie chat dinh dudng nhu 
nudc rau qua, nudc thit, tinh bdt, dudng, nudc 
thai sinh hoat, cha't thai gia sue. Day kfn binh de 
tranh tiep xdc vdi khdng khi. Sau mdt thdi gian 
u, vi sinh vat se phit trien. Khi thi khtt dat < 
-200 mV cd the coi VSV ki khf da phit trien 
manh tieu thu hau hit oxi hda tan trong hdn hgp 
[6, 7]. 

6. Giai doan phan hiiy ki khf 

Sau khi da tao dugc mdi trudng ki khf can 
thie't, men vi sinh da dugc chuan bi nhu tren 
dugc dua vao hdn hgp (ty le 10 gam cho 300 ml 
hdn hgp vua), trgn diu, day kfn. Sau nhitng 
khoang thdi gian nhat dinh phan tfch him luang 
TNT. 

Ill - KET QUA VA THAO LUAN 

1. Che tao men vi sinh va kiem tra chat litgng 
men 

Thdi gian (ngay) 

10 20 30 40 

Hinh I: Su bie'n ddi cua the xi hda khd cua dung dich len men trong qui trinh nudi cay VSV 

Bieu dd hinh 1 cho tha'y the oxi hda khd eua 
dung dich thay ddi trong qui trinh len men vi 
sinh. Ban diu the cua dung dich thudng duong 
va gin gia tri khdng. Chi sau vai ngay ii, the 
giam rat nhanh. Khi dd niu chi dua mdt lugng 
nhd dung dich (1 ml) chda TNT ndng do 79 
mg/l vio se lim cho the tang. Sau mdt vai ngiy 
khi thfeh nghi din vdi su cd mat cua cac chat la 
vi tieu hda he't oxi hda tan, VSV lai phat triin 
manh va lim cho thi lai giam. Nhdng lin bd 

sung them TNT sau dd, mac du lugng tang din 
(1, 2, 3 ml...) nhung bien do dao ddng cua the 
oxi hda khu giam din. Diiu nay chdng td viec 
dua TNT vao mdi trudng nudi cay theo nhung 
lugng tang din gidp vi khuan lim quen, thfeh 
nghi vdi dd'i tugng mdi. Cic VSV ki khi rat nhay 
cim vdi khdng khi hoac cac chat la. Mdi lin 
them lugng TNT mdi su phat trien cua VSV lai 
bi dc che, ddng thdi do lugng oxi hda tan lam 
eho the tang len, gay nen su biin thien tuang 
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dng tren dd thi hinh 1. Niu cho vi khuin tie'p 
xue ngay vdi lugng ldn TNT chung cd the b| 
chit hoac suy giam manh vi sd lugng ma phat 
mit thdi gian rat dai de phuc hdi. Khi vi khuan 
da thich nghi vdi stf cd mat cua TNT thi viec 
dua them nhung lugng TNT mdi it lam thay ddt 
the oxy hda khd cua dung dich. Khi dd, tten 
hinh pha loang mdi trudng nudi cay, ddng thdt 
tiip tuc tang ndng do TNT. Dung dich dugc trdn 
them bdt khoai tay chin va say khd theo phuang 
phip md ti d tren de che tao men vi sinh. 

Kiem tra men vi sinh: Khi diiu kien m6i 
trudng (nhiet do va do am) thuan lgi trd lai bao 
td trong men vi sinh se lai chuyen thanh te bao 
dinh dudng cua vi khuin. Qua trinh nay goi la 
su niy mam cua bao td, bao gdm 3 giai doan: 
hoat hda, nay mim va sinh trudng [1]. 

Kit qua sau 3 ngay d 25 - 30°C cic bao tit 
da nay mim va phat trien td't (hinh 2). Mdi ch&i 
trdn tren mat dia thach la mdt dam khuan lac 
sinh ra td 1 bao ttf. 

Hinh 2: Kiem tra su nay mim vi mat sd cda bao td 

Kit qua tim dugc mat sd bao td la 10" bao 
td/gam. Theo [3] mat do 10̂  de'n 10' vi khuin 
eho 1 kg nudc thai hoac chit thai rin khd li dam 
bio su phit triin va phan huy cd hieu qua cac 
nitro tham. 

2. Xtt ly chat thai ran chila TNT bang 
phuang phap vi sinh 

Giai dogn len men 

Mue dich cua giai doan nay la tao mdi 

trudng ki khf de vi khuin trong men vi sinh co 
diiu kien phat trien vi phan huy TNT. Hinh 3 la 
cic gii tri thi khu do dugc khi len men hdn hop 
chat thai rin chda TNT. Nhiet do trong thdi gian 
tien hinh thi nghiem nam trong vung nhiet do 
tdi uu cho su phit trien cua nhdm VSV ua am 
(td 25 - 40°C) nen the khd giam khi nhanh. Sau 
5 - 7 ngay the khd giam xud'ng ^ 0 0 de'n -500 
mV la diiu kien thfeh hgp cho qui trinh khil 
TNT. 

( 

. - 100 n 

.b -100 ' 
^ -200 -
a 
% -300 -

j? -400 -

'2 -500 -

^ -600 -

Thdi gian u (ngay) 

) 2 4 6 8 10 

(X —•—M2 

~Tt 

Hinh 3: Bieu do the khir cua qua trinh l6n men ki khi 
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Giai dogn phdn hiiy ki khi 

Thdng thudng khi thi khd giam xud'ng dudi 
-200 mV thi cd the coi VSV ki khi da phat triin 
manh va tieu thu hiu hit lugng oxi hda tan [6, 
7], khi dd cd the dua men vi sinh vao hdn hgp. 
Trong cac me xd ly tie'p theo thi khdng cin phai 
sd dung men vi sinh nua vi cd the lay ngay mdt 
phin hdn hgp trong me xd ly trudc dd lam mdi. 
Tie'p tuc u kin khi de cac bao td phat trien. Lde 
nay bit diu qui trinh nay mim eua bao tu. Qua 
trinh nay can mdt thdi gian nha't dinh td 4 - 8 
ngiy (hinh 4). Neu diiu kien mdi trudng la ly 
tudng (nhiet do 25 - 40°C, do im cao, pH = 7, 
dinh dudng...) su sinh trudng eua VSV diin ra 
rat nhanh, sd lugng vi khuan tang len theo cap 
sd nhan. TNT va cic chit d nhiim dugc vi 
khuan chuyen hda thanh cic hgp chat trung gian 
nhu amin, nitrozo, hydroxyi vi eudi cung thanh 
cic cha't vd ca khdng ddc hai. Trong diiu kien 
thi nghiem de hoan thinh qui trinh len men ki 
khf dd'i vdi chat thai ran cd ndng do TNT 277 
ppm theo khd'i lugng cin thdi gian la 5 - 6 tuan. 
Giai doan ki khf kit thdc khi ham lugng TNT 
giam xud'ng dudi mdc eho phep theo US EPA la 
17,2 ppm [5]. 

Tie'p theo giai doan 1, men vi sinh che tao d 

tren hoac mdi dugc dua vao vdi liiu lugng 10 
gam men trong 150 gam chat thai rin. Hinh 4 
trinh bay kit qua khd TNT trong chat thii ran 
bing VSV ki khi d dieu kien nhiet do thudng (td 
25 - 30°C). Trudng hgp thd nhit sd dung men vi 
sinh vda che tao dugc lam ngudn cung cap VSV 
cd kha nang khu TNT cho hdn hgp. Trudng hgp 
thd hai sd dung ngay mdt phin hdn hgp da u ky 
trong me xd ly trudc dd lam mdi. Vdi mue dich 
so sinh da tie'n hanh thu nghiem miu dd'i chdng 
khdng cd men hoac mdi vi sinh. 

Trong mdt tuan diu tien sau khi dua men vi 
sinh vao, him lugng TNT khdng cd su thay ddi 
ding ke vl trong lde nay cac bio td dang trong thdi 
ky hoat hda, nay mim va bat diu suih trudng. Khi 
sd lugng VSV du ldn thi him lugng TNT se giam 
do bi VSV phan giai. Sau 5 - 6 tuin ke td khi dua 
men vi sinh vao hdn hgp, him lugng TNT da giim 
95% (td 277 ppm xud'ng edn 13 ppm sau 44 ngiy), 
trong khi dd ham lugng TNT trong miu dd'i chdng 
giim khdng ding ki. 

Trong trudng hgp sd dung mdi, him lugng 
TNT giim nhanh hon, hieu qui phan buy cung 
cao ban do VSV da thfeh nghi vdi mdi trudng va 
khdng can thdi gian boat hda ban diu. 

20 40 
Thoi gian (ngay) 

Hinh 4: Su suy giam ndng do eua TNT khi phan huy bing VSV 

III - KET LUAN 

Qua trinh nudi cay vi khuan cd kha nang 
phan huy TNT da dugc nghien cdu va da che tao 
duoc chi phim men vi sinh cd kha nang phan 
huy TNT. Cic vi sinh vat tit nhien cd san trong 

chat thai se len men cacbohydrat va tieu thu hit 
oxy hda tan, lim giam the oxy hda khu cua mdi 
trudng cd tic dung thuc diy su phan buy TNT. 
Mdc do phat triin cda vi sinh vat ki khf cd thi 
xic dinh thdng qua viec do the oxy hda khd cua 
dung dich. Kit qua nghien cdu cho thiy cd thi 
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phan huy TTSIT trong chat thai rin tai cic nha 
miy qud'c phdng bing phuang phap vi sinh va 
quy trinh xd ly gdm 2 giai doan: 

Giai doan len men td 4 - 7 ngiy; 

Giai doan phan huy ki khf td 6 - 7 tuin. 

Quy trinh xd ly nhu vay cho phep giam tren 
95% him lugng TlSiT trong chat thai rin td 277 
mg.kg"' ban diu xudng cdn dudi 13 mg.kg"' sau 
6 -7 tuan. 
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