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ABSTRACT

A method for biodegrading 2.4.6-trinitrotoluene (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 shurry anaerobic whick 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 extent of TNT biodegradation. Results indicated that after 6 to 7 weeks
incubation the concentration of TNT reduced greater than 95% from 277 mg.kg! at the initial to

below 13 mg.kg'.

I- GIGI THIEU

Cic loai chit né cé nang luong cao nhu
2,4,6 trinitrotoluen (TNT), cyclotrimetylen-
trinitramin (RDX) goi chung la cdc nitro thom,
[2 nhitng chdt doc va c6 kha nang gay ung thu
[3]. Viéc san xuat, tang irif va str dung rong rai
céc chat trén gay tinh trang 6 nhiém khong khi,
dat va nguén nudc & nhiéu noi trén thé gidi [2 -
5].

& Viet Nam cung v6i sy phdt trién cia
nganh céng nghiép quoc phong (CNQP) ndi
chung va su phat trién cla cdc co s&, nha méy
san xudt, gia cong vat liéu né ndi riéng, nguy co

gy 6 nhiém moi trudng boi cdc loai chat thai
cong nghiép khdc nhau trong dé c6 cdc hod chat
¢6 tinh né, chdy ngay cang gia tang [2]. Trong
s6 céc chat né cé doc tinh cao ké trén, 2,4,6-
trinitrotoluen 1a chat ¢6 nguy co gay 6 nhiém
cao nhat do day la thanh phan chl yéu trong
nhiéu loai chat nd dang dugc san xuat hién nay.
Nuéc thai tir cdc co s& san xudt thudc phéng
thudc nd (TPTN) déu chita mét ham lugng nao
dé cdc chat trén va 1 nguyén nhéan gay 6 nhiém
dat, nguén nudc ngdm, anh hudng khong nho
dén su séng cua con ngudi va cic sinh vat sinh
s6ng gan cic co sO trén.

Vin dé xir 1y cac chat thai chita TPTN dé
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giam thiéu & nhiém moi trudng tai cdc co s&
CNQP méi duge quan tam dén gan day va budc
dau quan tam dén xir 1y nuéc thai. Viec xu ly
chat thai rn bi nhiém céc hoa chat cé tinh nd,
chay tir cac co s& CNQP hién nay chu yéu la
dung phuong phdp dot [l] Phuong phap nay
kém an toan va khong giai quyét dugc van dé 6
nhiém khi thai sinh ra [3, 4, 6]. Trong qua trinh
tim kiém céc cong nghé thich hop dé xur 1y chat
thai sinh hoat va loai chdt thii rin vira nguy
hiém vira doc hai nhu TPTN, ngudi ta rdt chi y
dén céc giai phap céng nghé gia thanh ha trong
dé ¢6 céc giai phap str dung cédc ché pham hoa
hoc, sinh hoc va hod sinh de vira khir tinh né vira
phan huy dugc cdc chal né dén cac san pham
khong déc hodc it doc hon v6i moi truang [2].

Trong bai bio nay ching toi trinh bay két
qua nghién citu phan hiy TNT trong chdl thai
rin tir cic co s& CNQP bang phuong phip vi
sinh. Qua trinh gém hai giai doan, gial doan dau
la giai doan 1&n men: Céc vi sinh vat ty nhién c6
san trong hoén hop sé 1én men cacbohydrat trong
diéu kién ki khi va tiéu thu hét oxi hoa tan tao ra
moi truong khir ¢ tac dung thic day su phan
hiiy TNT trong giai doan sau. Mic do phét trién
cta vi sinh vat (VSV) ki khi c6 thé x4c dinh
théng qua viéc do thé oxy héa khur cia dung
dich. Trong giai doan ti€p theo, mét mé cdy vi
sinh ¢6 kha nang phan huy TNT dugc dua vao
hén hgp. TNT trong chat thai ran bi VSV phan
hiy trén 95% sau 6 - 7 tuan. Mot phan hén hop
chat thai sau khi da xu ly nhu trén, trong dé c6
chita quan thé vi sinh vat c6 kha nang phan giai
TNT dugc giit lai dé lam méi cho nhimng lan thir
nghiém tiép theo.

I - THUC NGHIEM

1. Thiét bi va hoa chat

Dé phan tich ham lugng TNT va cdc nhén
dang san phdm phan hiy di st dung phuong
phdp Jenkin trén mdy Spectro UVS-2800
Labomed. phuong phip 8330~EPA trén mady
HPLC 1050 HP véi detector UV, va thiét bi LC—
MSD-Trap-SL-Agilent, USA. Héa chat duoc sir
dung 1a cdc héa chidt tinh khiét phan tich:
izobutylmetylxeton, dicyclohexylamin,
xetylpiridin, cdc dung moi tinh khiét sic ky:
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axetonitrin, etanol cla hing Merck

(CHLB buic).
2. Phuong phap thuc nghiém

axeton,

D31 tugng nghién cu 12 chat thai rin tai nhy
may ZX thuéc Téng cuc CNQP, gém cic loai
gié lau, bao bi, mun cua, réc, dat, ct... ¢ chia
TNT véi ham luong bing 277 mg.kg" (ppm theo
khéi lugng).

Chat thai ran (rdc va cdc loai bao bi) duge
cit nhd véi kich thudc 0,3 - 0,5 cm, cho vio
thiing, thém vao dé khéi luong nude ty 1& 1:]
(du dé dugc hén hgp nhu vita) dé sir dung cho
nghién ciu.

3. Ché tao men vi sinh ¢6 kha nang khit TNT

Trong mot binh kin thé tich 300 ml cho vio
dé céc chat dinh dudng nhu nudc rau qua, nudc
thit, tinh bot, dudng, vai gam chat thai rén tai
nha may ZX, them nuéc dén 250 ml. Dy kin dé
VSV ki khi phat trién. D€ gidm st mic d¢ phat
trién cta cdc VSV ki khi da sir dung phuong
phdp do thé oxi héa khir ctia dung dich. Thé oxi
héa khir ciia dung dich cang am chiing t6 VSV
ki khi cang phét trién manh [6]. Khi th€ khi
giam xuéng nho hon —200 mV thém dan timg
lugng nhé (1 ml) dung dich chita TNT (néng dé
79 mg/lit) dé VSV thich nghi ddn. Trong qué
trinh nay chiing vi khudn nao khéng thich nghi
dugc v6i déi tugng mdéi va khéng cé kha nang
phan hity TNT s& bi c ché sinh trudng hodc bi
tiéu diét. Sau mdi 1an thém, dé cho thé khir giam
xuéng dusi —200 mV (thoi gian nay khoang 2 -
4 ngay) lai cho thém nhiing lugng tang dan dung
dich chita TNT (1.5; 2; 3 ml). Sau khi VSV da
thich nghi v6i sy c6 mat cia TNT, 1dy mot phan
ba dung dich trong binh chuyén sang binh méi
(thé tich 300 ml), thém vao dé dung dich TNT
cho day binh. Lic nay lugng dinh dudng trong
binh da giam, VSV s& chuyén dan sang st dung
TNT nhu mot ngudn thifc an chinh. Ti€p tuc
ngdm U nhu vdy cho dén khi thé khu giam
xuéng con —300 dén —400 mV (thudng sau
khoang 2 - 3 tudn). Chuyén toan bo luong dung
dich trong binh sang bt sd, thém vao dé tinh
bot khoai tay da nau chin, sdy & nhiét do 60°C
trong 3 gid. Téc do gia nhiét 1a 20°C/gid. Sau db
dé nguoi, cho bat sif vao trong binh hit 4m bing
silicagen. Khi luong chit trong bdt st di kho.



diing c6i chay st nghién nhd, bio quan trong lo
kin, dung 1am men vi sinh cho qud trinh phan
hity TNT.

4, Kiém tra men vi sinh

Dé kiém tra chat lugng va mat sé cha vi
khuan trong ch€ phdm men c¢6 thé st dung
phuong phép dém. Cho thach aga (hoic tinh bot
khoai tay ndu chin) di tiét tring vao dia petri
cho tao thanh 16p mong. Ldy 1 gam ché phim
men vi sinh tao dugc & trén, pha loing bing
nudc cat tiét tring. Hit ldy | ml dung dich
lodng cho lén 16p thach, lang cho dung dich phi
déu 16p thach, day kin. Sau 3 - 4 ngiy, dém s6
vét d6m trén mat 16p thach (méi vét d6m 1a mot
ddm khudn lac sinh ra tir [ bao tir trong men vi
sinh), nhan véi hé s6 pha loang s& tinh dugc s6
vi khuén trén 1 gam men vi sinh (mat s6).

5. Giai doan lén men

Hén hop vita chat thai (tron chat thai rén véi
nude theo ty 1& 1:1 theo khéi lugng) duoe cho

vao binh kin ciing véi céc chdt dinh dudng nhu
nudc rau qua, nude thit, tinh bot, dudng, nude
thai sinh hoat, chdt théi gia stic. Day kin binh dé
tranh ti€p xic v6i khong khi. Sau mot thdi gian
0, vi sinh vat s& phat trién. Khi thé khir dat <
~200 mV c6 thé coi VSV ki khi di phit trién
manh tiéu thu hdu hét oxi hoa tan trong hén hgp
[6, 7).

6. Giai doan phan hay ki khi

Sau khi d3 tao dugc moi trudng ki khi cdn
thiét, men vi sinh di dugc chuin bi nhu trén
dugce dua vao hén hop (ty le 10 gam cho 300 ml
hén hop vita), tron déu, day kin. Sau nhing
khoang thoi gian nhét dinh phan tich ham lugng

Il - KET QUA VA THAO LUAN

1. Ché tao men vi sinh va kiém tra chat hrong
men
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Hinh I: Su bién déi ctia the xi héa khir cha dung dich 1én men trong qua trinh nuéi cay VSV

Biéu do hinh 1 cho thdy thé oxi hoa khif ctia
dung dich thay déi trong qué trinh lén men vi
sinh. Ban ddu th€ cta dung dich thuong duong
va gén gi4 tri khong. Chi sau vai ngay 4, thé
giam rat nhanh. Khi d6 néu chi dua mét lugng
nhd dung dich (1 ml) chda TNT ndng do 79
mg/l vao sé lam cho thé tang. Sau mot vai ngay
khi thich nghi ddn vé&i su ¢6 mat cla cdc chat la
va tiéu héa hét oxi hoa tan, VSV lai phét trién
manh va 1am cho th€ lai gidm. Nhing ldn bd

sung thém TNT sau dé, mac du lugng tang dédn
(1, 2, 3 ml...) nhung bién d6 dao dong cia thé
oxi héa khir giam dan. Diéu nay ching to viec
dua TNT vao mdi trudng nudi cdy theo nhimng
lugng tang dan gitip vi khudn 1am quen, thich
nghi véi déi tuong méi. Cac VSV ki khi rat nhay
cam v6i khong khi hodc cac chat la. Mbi 14n
them luong TNT méi su phat trién ctia VSV lai
bi irc ché, dong thoi do luong oxi hoda tan [am
cho thé€ tang lén, gay nén su bién thién twong
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ting trén dé thi hinh 1. Néu cho vi khuén ti€p
xiic ngay voi lucmg 16n TNT chung c6 thé bi
chét hoic suy glam manh vé s6 luong ma pha1
mét thdi gian rat dai dé phuc héi. Khi vi khuan
d3 thich nghi véi su c6 mat cia TNT thi viéc
dua thém nhiing luomg TNT mdi it 1am thay doi
thé oxy héa khit clia dung dich. Khi dd, ti€n
hanh pha lodng méi trudng nuodi cdy, déng thai
tiép tuc tang néng do6 TNT. Dung dich duoc trén
thém bot khoai tay chin va sdy kho theo phuong
phép mé ta & trén &¢ ché tao men vi sinh.

Kiém tra men vi sinh: Khi diéu kién mej
trudng (nhiét d6 va do 4m) thuan 161 trd lai bio
tlr trong men vi sinh s& lai chuyen thanh t€ bip
dinh du@ng chia vi khudn. Qua trinh ndy goi lx
su ndy mim cia bao tlt, bao goém 3 giai doan;
hoat héa, ndy mam va sinh truéng [1].

K&t qua sau 3 ngay & 25 - 30°C cdc bao tir
da nay mam va phét trién 6t (hinh 2). Méi chim
tron trén mat dia thach 13 mét dém khudn lac
sinh ra tir 1 bdo tir.

Hinh 2: Kiém tra su nay mam va mat so clia bao tit

Két qua tim duge mat s6 bao tir [a 10° bao
tli/gam. Theo [3] mat d6 10> dén 10° vi khudn
cho 1 kg nudc thai hodc chat thai ran khé 12 dam
bao su phat trién va phan hily ¢é hiéu qua céc
nitro thom.

2. X Iy chat thai ran chita TNT béng
phuong phap vi sinh

Giai doai lén men

Muc dich ciha giai doan nay la tao moi

truong ki khi dé vi khuén trong men vi sinh c6
diéu kién phdt trién va phan hay TNT. Hinh 3 I3
céc gid tri thé khir do dugc khi 1én men hén hop
chat thai rdn chita TNT. Nhiét do trong thi gian
tién hanh thi nghiém nim trong viing nhiét dé
161 uu cho sy phét trién clia nhém VSV ua dm
(tr 25 - 40°C) nén thé€ khir giam kha nhanh. Sau
5 - 7 ngay thé khu giam xu6ng —400 dén -500
mV 1a diéu kién thich hgp cho qud trinh khi
TNT.
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Hinh 3: Biéu dé thé khir cha qué trinh lén men ki khi
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Giai doan phdn hiy ki khi

Thong thudng khi thé khir gidm xusng dudi
200 mV thi c6 thé coi VSV ki khi da phat trién
manh va tiéu thu hau hét luong oxi hoa tan [6,
7], khi d6 c6 thé dua men vi sinh vao hén hop.
Trong cic mé xir 1y ti€p theo thi khéng cin phai
st dung men vi sinh nifa vi c6 thé 14y ngay mot
phdn hén hop trong mé xir 1y trudc dé 1am méi.
Tiép tuc & kin khi dé cdc bao tir phét trién. Lic
nay bat ddu qué trinh ndy mam cia bio tir. Qua
trinh nay cdn mot thdi gian nhat dinh tir 4 - 8
ngay (hinh 4). Néu diéu kién méi trudng 1a ly
wong (nhiét do 25 - 40°C, do 4m cao, pH = 7,
dinh duéng...) su sinh trudng cta VSV dién ra
rét nhanh, s& lugng vi khudn tang lén theo cdp
s6 nhan. TNT va céc chat 6 nhiém dugc vi
khuén chuyén héa thanh cc hop chat trung gian
nhu amin, nitrozo, hydroxyl va cuéi ciing thanh
céc chat vo co khong doc hai. Trong diéu kién
thi nghiém dé hoan thanh qua trinh lén men ki
khi d6i v6i chét théi rin c6 néng do TNT 277
ppm theo khé&i lugng cdn thoi gian 1a 5 - 6 tuan.
Giai doan ki khi két thic khi ham lugng TNT
giam xuéng dudi mirc cho phép theo US EPA la
17,2 ppm [5].

Tiép theo giai doan |, men vi sinh ché tao &

trén hoic méi duoc dua vao véi liéu luong 10
gam men trong 150 gam chat thai ran. Hinh 4
trinh bay két qua khir TNT trong chét thai ran
bing VSV ki khi & diéu kien nhiét do thuong (tir
25 - 30°C). Trudng hop thit nhat st dung men vi
sinh vira ch€ tao duoc lam ngudn cung cap VSV
c6 khé nang khit TNT cho hén hgp. Trudng hop
thi hai sir dung ngay mét phan hén hop da G ky
trong mé xUr Iy trude d6 lam méi. Vi muc dich
so sanh da ti€n hanh thit nghiém miu déi ching
khong ¢6 men hodc méi vi sinh.

Trong mot tudn ddu tién sau khi dua men vi
sinh vao, ham luong TNT khong cé su thay déi
déng ké vi trong ldc ndy céc bao tif dang trong thoi
ky hoat héa, ndy mam va bat ddu sinh trudng. Khi
s6 lugng VSV du 16n thi ham lugng TNT s& giam
do bi VSV phan gidi. Sau 5 - 6 tuan ké tix khi dua
men vi sinh vio hén hgp, ham lugng TNT da giam
95% (tix 277 ppm xu6ng con 13 ppm sau 44 ngay),
trong khi d6 ham lugng TNT trong mau d6i chimg
gidm khong dang ké.

Trong trudng hop sit dung méi, ham luong
TNT gidm nhanh hon, hiéu qua phan hiy ciing
cao hon do VSV di thich nghi véi méi truong va
khong can thoi gian hoat héa ban dau.

1 ’*
—A— S dung men VS|
| —@— Sir dung moi
—0— Pdi chiung |

=
g 0.8
=
0 0.6
| <
©04 -
@
=02
0
0 20
Thoi gian (ngay)

40 60

Hinh 4: Su suy giam néng d6 ctia TNT khi phan huy bang VSV

1i - KET LUAN

Qui trinh nuoi cdy vi khudn cé kha ning
phan hity TNT di dugc nghién ctu va di ché tao
dugc ché pham men vi sinh ¢6 kha nang phan
hily TNT. Céc vi sinh vat ty nhién cé sin trong

chét thai s& lén men cacbohydrat va tiéu thu hét
oxy hoa tan, lam giam thé& oxy héa khir cia méi
trudng c6 tac dung thic ddy su phan hiy TNT.
Mitc do phat trién ca vi sinh vat kj khi c6 thé
xac dinh théng qua viéc do thé oxy hoéa khir clia
dung dich. Két qua nghién cdu cho thay c6 thé
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phan hity TNT trong chat thai ran tai cdc nha
méy qudc phong bang phuong phdp vi sinh va

quy

trinh xu 1y gém 2 giai doan:

Giai doan 1én men tr 4 — 7 ngay,
Giai doan phan hay ki khi tir 6 - 7 tudn.

Quy trinh x{ 1y nhy vay cho phép gidm trén

95% ham lugng TNT trong chdt thai rdn tir 277
mg.kg"' ban ddu xuéng con dudi 13 mgkg' sau
6 - 7 tuan.

Tdc
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