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2,4,6-Tpunumpomonyon (THT) wupoko ucnons3yemcs 6 npouzeoocmee 83pbleudambulx
eeuiecme. IlockonvKy on moxcuuen u mymazeHeH O0A JI00€H U HCUGOMHBIX, HEo0X00uma
ouucmka cmounvix 600 om TNT. Bvinu coopansl cmounsie 600vl, cooeprycawiue THT, uz uemeoi-
pex 3a60006 60 Boemname, npoussoosauwux npomsiuiiennole 63pvieuamele eeujecmea. Oopazunl
UMeIU Pa3Hble XAPAKMEPUCIMUKI U WHUPOKO 8apbuposaiucs, ocovenno konuenmpayuu THT, ¢
3a8UCUMOCIMU 0N MEXHOI02UU U Memooa YHPAeIeHUs RPOU3B00CEOM HA KANCOOM 3a800e.
Konkpemno, konyenmpauyua THT eapvuposanace om 25 0o 128 ma/n, xumuueckasa nompeo-
nocms ¢ kucnopooe (XIIK) eapvuposanace om 128 00 650 m2/n, BIIK — om 28 00 67 m2/n, NH," —
om 23 00 325 me/n, TP — om 0,13 00 0,38, a pH — om 6,5 00 8,2. Bo Bvemname yoanenue TNT
npo60OAmM nymem AocCopouuU HA ZPAHYIUPOBAHHOM AKMUGUPOGAHHOM Yy2ie U OANbuie CHCU2A-
HUsA. Imom memoo A6aAAEMCA 00PO2OCMOAUUM U CO30aem emopuuHnoe 3azpazHenue. Umoowvt
npeooonems MU HEOOCMAMKU, 8 IMOM UCCTIE006AHUN ObLAA NPEOSI0NHCEHA KOMOUHAYUA PeakK-
mopa ouonieHKu ¢ AHAIPOOHO-AHOKCUUECKO-OKCUYECKUMU 30HAMU U OBUNCYWUMCA C10eM
(A20-MBBR) ona ouucmku cmounvix 600 THT. Peaxyuonnvie peszepgyapvl cucmemsl A20-
MBBR 6b11u 00noanensl AaKMUGHBIMU UAMU OM CHIAHUUU OYUCHIKU CHOYHBIX 600 6 XUMuue-
CKOIl u IneKmpomexnuyeckoil komnanuu 15, cooepicawieii Guonozuueckue npenapamsl Hum-
pucuyupyrowux u oenumpugpuyupyrowux daxmepuii. Pesynomamol nokazanu, umo 6 cucmeme
A20-MBBR ¢ meuenue 30 oueit ¢ 24-uacoevim cpoKom XpaHeHus npu HAUANbHBLIX YCI0BUAX:
XIIK: 200-250 me/n, TBY: 1800-3000 m2/n, c60600HbLL KUCA0POO: 5 M2/1, Ihhekmusrnocms yoa-
aenua XK oocmuznace npuoausumenwvno 70-83%, konyenmpayus XIIK ¢ omxooauem nomo-
ke cocmaenana npumepno 50-75 mg/l; sgpghexmuenocmo yoanenus THT — 91-99,7%, a konuen-
mpauusn THT na evixode cocmasnana npumepuo 0,5-2 me/n u sghppexmuenocms yoanenus am-
MoHus cocmaenana npuodausumenvuo 42,8-66%, evixoonan konyenmpauus —om 15 0o 17 m2/n.

KuroueBble c10Ba: 0YHCTKA CTOYHBIX BOJ, HUTPOCOEAMHEHHUS apOMAaTHYECKOTO Psijia, peakTop Omo-
IUICHKH C aHaPOOHO-aHOKCHYIECKO- OKCHYECKUMHE 30HAMHU | JABWKyIMMcs ciioeM (A20-MBBR)
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2,4,6-Trinitrotoluene (TNT) is widely used in explosives production. Since it is toxic and
mutagenic to humans and animals, decontamination of TNT wastewater is necessary.
Wastewater, containing TNT, from four factories in Vietnam producing industrial explosives
were collected. The samples had different characteristics and varied widely, especially in terms
of TNT concentration, depending on the technology and production management method at
each plant. The TNT concentration ranged from 25 to 128 mg/l, chemical oxygen demand
(COD) ranged from 128 to 650 mg/l, BOD5 ranged from 28 to 67 mg/l, NH, ranged from 23 to
325 mg/l, T-P ranged from 0.13 to 0.38, and pH ranged from 6.5 to 8.2. In Vietnam, removal of
TNT is carried out using granular activated carbon adsorption and an incineration method.
This method is expensive and generates secondary pollution. To overcome these drawbacks, the
combination of an anaerobic-anoxic-oxic and moving bed biofilm reactor (A20-MBBR) for
treating TNT wastewater was investigated in this study. Reaction tanks of the A20-MBBR sys-
tem were supplemented with activated sludges, from a wastewater treatment station in Chemical
and Electrical Engineering Company 15, containing biological preparations of nitrifying and
denitrifying bacteria. The results showed that after 30 days under operating conditions of COD
of 200-250 mg/l, MSLL of 1800-3000 mg/l, and DO of 5 mg/l, COD removal efficiency reached
approximately 70-83%, the TNT concentration decreased by 91-99.7% (to approximately 0.5-
2 mg/l), and the ammonium concentration fell to 15-17 mg/l (reaching 42.8-66% removal effi-
ciency after 24 h of treatment).

Key words: TNT treatment, A20-MBBR method, wastewater treatment
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INTRODUCTION

2,4,6-Trinitrotoluene (TNT) is widely used in
the weapons industry as a material for explosives pro-
duction and is important for the national economy.
Since it is toxic and mutagenic to humans and ani-
mals, even at low concentrations, decontamination of
TNT wastewater is necessary. In addition, TNT and
its derivatives can persist and accumulate over the
long-term in nature and are difficult to biodegrade [1-
3]. Therefore, biological methods combined with oth-
er pre-treatment methods, that are based on common
microbiological methods, enzymes methods, or plant
methods, have been developed for the treatment of TNT-
contaminated wastewater and soil water [1-10, 20-22].
Previous studies on TNT biodegradation used micro-
organisms, such as immobilized white rot fungi
(Phanerochaete chrysosporium), for the treatment of
TNT wastewater; biological aerated filters (BAF),
anaerobic filters (AF), and anaerobic-anoxic-oxic
moving bed biological reactors (A20-MBBR) are
commonly applied to wastewater treatment containing
TNT in the next stage [1-5] after the wastewater has
been pre-treated by physical or chemical methods.

Recently, TNT wastewater in Vietham has
been treated via granular activated carbon adsorption
followed by incineration. This method is expensive
and generates secondary pollution during treatment.
Therefore, recent studies have focused on biotreat-
ment, which is both highly efficient and cost-effective.

In recent years, researchers have focused on
new techniques: A20 methods (anaerobic-anoxic-
oxic) [10-13] combined with biological membranes,
moving bed biological reactors (MBBR) [14-19].
Compared with conventional methods, A20 can be
applied to certain types of difficult-to-treat industrial
wastewater, such as coal gasification wastewater, tex-
tile wastewater, and, especially, wastewater with high
COD concentrations or persistent organic substances.

Treatment efficiency is high in these cases, and high
COD removal can be achieved.

For this treatment method, the phosphorus,
ammonia, and nitrogen treatment efficiencies are sta-
ble above 80%. Additionally, nitrate and nitrite me-
tabolizing microorganism systems have richness and
high density. In an aerobic tank, good bacteria for
treatment density are towering varieties, such as am-
monium oxidizing bacteria, nitrite oxidation bacteria,
and heterotrophic bacteria. The A20 method does not
require additional nutrients, especially phosphorus.
Phosphorous, which is decomposed and discharged in
the aeration tank, can be collected and accumulated as
a nutrition source for the anoxic and aerobic tank.

In this study, the A20-MBBR method was
used to treat wastewater from an explosives produc-
tion plant, which contained TNT and NHiNO3;.We
evaluated this technique as an effective technological
solution with reasonable construction costs and a
simple operating process.

EXPERIMENTS

Wastewater sample, chemicals, and equipment
TNT contaminated wastewater sample
Wastewater samples were collected directly

from four factories in Vietnam: Chemical Company
21, Chemical and Mechanical Engineering Company
13, Electrical Engineering and Explosives Company
31, and Chemical and Electrical Engineering Compa-
ny 15. Samples were collected at different times, and
each sample had different concentrations of TNT. The
wastewater samples at Chemical Company 21, Chem-
ical and Mechanical Engineering Company 13, Elec-
trical Engineering and Explosives Company 31, and
Chemical and Electrical Engineering Company 15
were labelled F21, F13, F31, and F15, respectively.
The characteristics of the TNT contaminated water
samples are shown in Table 1.

Table 1

Composition of TNT and NH4NOs contaminated wastewater
Tabnuya 1. CocTaB CTO4YHOIi BOJbI, cofep:Kallleii coelMHEeHUs 230Ta B OPraHMYeCKOi U HeopraHuyeckoii popme

Factory CoD (mg/l) (Bn%% (TnE/T.) NHs (mg/)| pH | T-P(mgi) |  Colour
F13, Enterprise A6 155-210 30-56 25-56 23-45 6.5-7.6 0.25 Dark brown, red
F21, Enterprise 4 | 250-270 | 42-67 | 32-128 | 3542 |79-82| 013 Res(;ﬁg‘:/‘\’/"”'
F31, Enterprise 2 165-207 | 37.5-52 35-94 42-57 6.8-8.2 - Dark brown, red
F31, Enterprise 3 | 148-243 | 37-58 | 27-105 | 32-47 | 6.8-7.8 - Rejéﬁg?/‘\’/m'
F15 PlantAD1 | 128-310 | 28.3-35 | 43-92 | 68-79 7.2 0.38 Re%m‘\’,"”'
F15, Plantemulsion | 212-650 47-54 - 150-325 | 7.2-7.8 - Milky-white

Microorganism
The bacterial strains used in these experi-
ments were isolated from the activated sludge sam-
ples obtained from Chemical Company F21, Chemi-

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 9-10

cal and Mechanical Engineering Company F13, Elec-
trical Engineering and Explosives Company F31, and
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Chemicals

The chemicals commonly used in environ-
mental engineering for the analysis of COD include
total phosphorus (T-P), total ammonium (NH4sNOs),
glucose, (NH4).SO0., HCI, H;SOs, Ag2SO0s, HgSOs.,
and phenol (pure analytical grade).

Equipment and research methods

The mixed liquor suspended solids (MLSS),
chemical oxygen demand (COD), biological oxygen
demand (BOD), NHs-N, T-P, and nitrite concentra-
tions were measured according to standard methods
[17]. Effluent turbidity was monitored with a digital
direct-reading turbidimeter (model 965-10, Orbeco-
Hellige, USA). The demand oxygen (DO) and pH of
the suspensions in each reactor was determined using
a dissolved oxygen meter (model HI9146-04, Hana
Instruments) and a pH meter (model HI2002, Hana
Instruments), respectively.

TNT concentration was analysed using volt-
ammetry methods (797 VA Computrace Metrohm,
Metrohm AG, Switzerland) and high-performance
liquid chromatography (HPLC, Agilent 1100 liquid
chromatography, Agilent Corporation, USA) [12]. We
used working electrodes (solid rotating disk-modified
glassy carbon electrode (DMF)), a counter electrode
(Pt), and a reference electrode (Ag/AgCI/KCI 3M) for
electrochemical measurements.

Operating conditions:

Electrolyte solution was 0.5 M NaCl with a
standard voltage of 0.1 V. The end voltage was 1.0 V,
and the electrolyte voltage was 0 V. The solution time
was 60 s, and the waiting time was 15 s. The step volt-
age was 0,05 V, and the scanning rate was 0.0248 m/s.

The operating conditions

Electrolyte solution: NaCl 0.5 M
Standard voltage: 0.1 V Waiting time: 15 s
End voltage 1.0 V Step voltage: 0.05V
Electrolyte voltage: 0 V Scanning rate: 0.0248 m/s
Time solution: 60 s

The HPLC had a Hypersil column C18*
(200 x 4 mm). The proportion of the mobile phase
was MeOH: H,O = 70: 30 (V/V), and the flow rate
was 0.8 ml/min. The pressure was 280 bar. The pro-
cedure was stable after setting the necessary parame-
ters, pumping, washing the columns, running the
baseline, and waiting for 3045 min.

We placed 5 ml of the analyte in the sample
chamber using a micropipette; the machine automatical-
ly recorded retention time (RT), pic heights, electrical
properties, and the percentage (%) of each component in
the mixture.

RESULTS AND DISCUSSION

Set-up and start of the A20-MBBR system
The A20-MBBR system was designed with a
volume of 9 | for each reactor, and various methods
were used to facilitate selection of the hour retention
time (HRT) (Fig. 1). The domesticated activated
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sludge from the wastewater treatment plant ADlof
the Chemical and Electrical Engineering Company 15
factory was supplemented with biological prepara-
tions containing nitrifying and denitrifying bacteria.
Activated sludge preparation: In the aeration
tank, the DO level was maintained at approximately
5-8 mg/l and 1-2 mg DO/I in the anoxic reactor with a
stirring speed at 120 rounds/minute; a moving bed
biofilm reactor (MBBR) had a protected surface area
485 m?m?; biofilms were added to the anaerobic reactor:
anoxic reactor: aerobic reactor at 60%: 30%: 15% v/v.
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Fig. 1. Diagram of the A20-MBBR system: 1 — storage tank; 2 — peri-
staltic pump; 3 — anaerabic reactor; 4 —anoxic reactor; 5 — aerobic reac-
tor; 6 —air compressor
Puc. 1. Cxema nabopaTopHO# YCTaHOBKH OYHCTKU CTOYHOHN BOJIBI B
MBP-peakrope: 1 — HanopHast eMKOCTb; 2 — IIEPUCTATBTIHIECKUI
Hacoc; 3 — aHa3POOHKIN peakTop; 4 — GECKUCIOPOHBIA PEaKToOp;
5 — a’poGHBIA peakTop; 6 — BO3MYIIHBIA KOMIIPECCOp

We used artificial wastewater and conducted
the reaction for 30 days; operating parameters of the
processor system are shown in Table 2.

Table 2
Operating parameters for the A20-MBBR system
Tabauya 2. TlapameTpbl Npolecca OYUCTKH CTOUYHOM
Boabl B MBP-peakTope

COD (mg/l) | MLSS(mg/l) | pH _|DO (mg/N[HRT (h)

200-250 2400-3000 | 6.5-7.2 5-7 24

Efficiency of TNT treatment by the A20-MBBR
system

The system was operated for 30 days. At the
early stage of system operation, the concentration of
TNT in the wastewater was 3 mg/l to 8 mg/l, and it
was approximately 2.2 mg/l in the effluent of the oxic
reactor. Over the first 10 days, TNT in the waste wa-
ter increased from 8 mg/l to 23 mg/l, but the TNT in
the aerobic reactor effluent was below 2 mg/I (Fig. 2, 3).

Initially, the A20-MBBR treatment system
had a TNT concentration of 3 mg/l and it was capable
of stable operation up to a TNT concentration of 23
mg/l. At the highest TNT concentration, the treatment
efficiency was quite clear. After 24 h of operation, the
TNT removal efficiency improved from 91.3 to
99.7%, and the concentration of TNT after treatment
reached approximately 0.5-2 mg/l. The TNT concen-
tration in the anaerobic, anoxic, and oxic reactors of
the A20 system and the effluent are shown in Fig 5.
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Fig. 2. The dependence of concentration and purification degree of
wastewater in MBBR system: 1 — TNT concentration at reac-
tor inlet, 2 — TNT concentration at reactor outlet, 3 — purification
degree from TNT
Puc. 2. 3aBucHMOCTD KOHIIEHTPALIMH M CTEIICHH OYUCTKA CTOYHON
BozIbI 0T BpeMeHu B MbP-peaxrope: 1 — konnentpanus TNT Ha Bxone
B peaktop; 2 — koHueHTparms TNT Ha BXozie B peaktop; 3 — CTereHb
ourctku oT TNT

The results showed that the TNT removal ef-
ficiency of the MBBR system can be described as:
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Fig. 3. Changes in absorbence spectra in the A20-MBBR system:
1 — anaerobic zone; 2 — anoxic zone; 3 — oxic zone
Puc. 3. 3menenne criektpoB noriomienus B cucreme A20-MBBR:

1 — anaspoOHast 30Ha; 2 — OeCKUCIOpOIHas 30Ha; 3 — a3poOHast 30Ha

initially, the treatment system had a TNT concentra-
tion of 3 mg/l, and it was capable of stable operation
up to a TNT concentration of 23 mg/I. At this concen-
tration, the treatment efficiency was quite clear. After
24 h of operation, the TNT removal efficiency in-
creased from 91.3 to 99.7%, and the concentration of
TNT after treatment was 0.5-2 mg/l (Fig. 4).
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Fig. 4. HPLC spectrum of TNT in the wastewater samples: a — concentrations of TNT before treatment; b — concentrations of TNT after
anaerobic treatment; ¢ — concentrations of TNT after anoxic treatment; d — concentrations of TNT after aerobic treatment
Puc. 4. BOXX criekTp CTOYHO# BOJIBI, COJIEpIKAIlei apOMaTHIECKUE HUTPOCOCANHEHHSL: @ — JI0 peaKTopa; b — mociie 04ncTKy B aHas-
POGHOIA 30HE peakTopa; C — MOCIIe OYUCTKH B OECKUCIOPOIHOM 30HE peakTopa; d — mociie 0YMCTKH B a3pOOHOI 30He peakTopa
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The results of this study were consistent with
those of previous studies [1-5], which showed that
bacteria tended to reduce nitro groups. Zhouyou
Wang [1, 2] investigated the biodegradation of TNT
in an immobilized microorganism-biological filter
system where TNT was reduced to 2-amino-4,6-
dinitrotoluene (2-A-4,6-DNT), 4-amino-2,6-dinitrotoluene
(4-A-2,6-DNT), 24-diamino-6-nitrotoluene (2,4-DA-6-
NT), and 2,6-diamino-4-nitrotoluene (2,6-DA-4-NT). In

CH,
O,N NH,

CHj
O2N NO2  biology NO,

B —_
(mixed culture)

another study, TNT was reduced to TAT by a mixed
culture acclimated and maintained on crude oil-
containing media [5].

From the results of their study, Mario Kroger
[4] proposed a mineralization of TNT biodegradation
pathway as show in Fig.5 (but most of the published
studies on biological TNT treatment only reduced
TNT to ADNT and DANT metabolites).

CH,
HZN\©/NH2
_—
NO, \

CO,,H,0,N-salts

CH.
NO, 3 CHj;
OZN@/NOZ ON i NH,
- >
NH; NH,

Fig. 5. Proposed mineralization of the TNT biodegradation pathway
Puc. 5. Ilpennonaraemslii MexaHU3M OHO/ETpafalliy apPOMaTHIECKUX HUTPOCOSTUHEHUI

COD removal efficiency
The A20-MBBR system operated for 30 days
with a HRT of approximately 24 h, and the COD con-
centration was reduced from 220-270 mg/l to 50-75
mg/l; COD removal efficiency reached 72.2-77.2%,
as shown in Fig. 6.
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7, day
Fig. 6. COD removal efficiency: 1 — before treatment;
2 — after treatment
Puc. 6. 3aBucumocts XIIK ot Bpemenu: 1 — nmepes ouHCTKOM;
2 — mociie OYUCTKH

Ammonium removal efficiency
Ammonium removal efficiency after 30 days
of A20-MBBR system operation is shown in Fig. 7.
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Fig. 7. Ammonium removal efficiency: 1 — before treatment; 2 — after
treatment

Puc. 7. 3aBucuUMOCTb co/iepKaHKsI HOHOB aMMOHHUS OT BPEMEHU:
1 — nepen OYMCTKOM; 2 — MOCJIC OUUCTKH

As shown in Fig. 7, in the first 15 days of op-
eration, the concentration of ammonium in the efflu-
ent fluctuated from 28 to 45 mg/l; from 16 to 30 days,
the concentration of ammonium in the influent was
stable at approximately 35-37 mg/l. After 30 days, the
ammonium removal efficiency reached 42.8 to 66%,
and the concentration of NH." reduced to 15-17 mg/I.

CONCLUSION

In this study, an A20-MBBR system was es-
tablished and operated for TNT wastewater treatment
with a volume of 9 | for each reactor. Domestic acti-
vated sludge from Chemical and Electrical Engineer-
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ing Company 15 was used, and it was supplemented
with nitrifying bacteria and denitrifying bacteria from
wastewater treatment biological products with high am-
monium levels. We evaluated the effectiveness of COD,
TNT, and ammonium removal from the wastewater.

We operated the A20-MBBR system for 30
days at a 24-hour retention time COD of 200-250 mg/l,
MSLL of 1800-3000 mg/l, and DO of 5 mg/l. COD
removal efficiency was approximately 70-83%; TNT
removal efficiency was approximately 91-99.7% and
the concentration of TNT in the effluent was approx-
imately 0.5-2 mg/l. Ammonium removal efficiency
was approximately 42.8-66%, for initial concentra-
tions of 15 to 17 mg/l.
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