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Abstract

A bench—scale anoxic membrane bioreactor (MBR) system, consisting of a bioreactor coupled
to a ceramic crossflow ultrafiltration module, was evaluated to treat a synthetic wastewater
containing alkaline hydrolysis byproducts (hydrolysates) of RDX. The wastewater was formulated
the same as RDX hydrolysates, and consisted of acetate, formate, formaidehyde as carbon
sources and nitrite, nitrate as electron accepters. The MBR system removed B0 to 90% of these
carbon sources, and approximately 90% of the stoichiometric amount of nitrate, 60% of nitrite.
The reactor was also operated over a range of transmembrane pressures, temperatures,
suspended solids concentration, and organic loading rate in order to maximize treatment
efficiency and permeate flux. Increasing transmembrane pressure and temperature did not
improve membrane flux significantly. Increasing biomass concentration in the bioreactor
decreased the permeate flux significantly. The maximum volumetric organic loading rate was
0.72 kg COD/m/day, and the maximum F/M ratio was 0.50 kg N/kg MLSS/day and 1.82 kg
COD/kg MLSS/day. Membrane permeate was clear and essentially free of bacteria, as indicated
by heterotrophic plate count. Permeate flux ranged between 0.15 and 2.0 m*m?day and was
maintained by routine backwashing every 3 to 4 day. Backwashing with 2% NaOC! solution
every fourth or fifth backwashing cycle was able to restore membrane flux to its original value.

Keywords : Membrane bioreactor {MBR), Hexahydro—1,3,5—trinitro—1,3,5-triazine (RDX),
Hydrolysates, Ceramic tubular membrane, Acetate, Formate, Formaldehyde, Nitrate,
Nitrite, Backwashing.
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o] FUEHI Utk FrjAR Holn AEEHE
i Eagd 39 3¢l RDX(Hexahydro-
1,3,5-trinitro-1,3 5-triazine) &= EPAe]| 2]8}o] whet
7}54 BH(Class C carcinogen)® FAH1T ¢}
o

Heilmann §7¢) 7o) ol8t®, & &of o}
A AEES RDXe g4 o &3l Fag
Fol, o] g4 &3¢ RDXE 9714 7t
&) (alkaline hydrolysis)oll 2]&te] B &8sty FHo)
AEEAS. o] AAAA thFe] nEcel EaiR
Aol HA3HA ). RDXY] 7hg- i3] kg
= = ()3} o] acetate{CHaCOQ),
formaldehyde(HCHO), formate(HCOO), 2%y
oHNHs), 28] o} A4 AANO;) o) Uch

1 RDX (GHiNeOs) — 1.6 NO, + 1.5 HCOO
+ 01 CH,COO + 1.1 HCHO + 09 NH,
1 NO 1+034 N, 1 (1)

o] RDX9 7hria] RAHE (Y™, hydrolysates)
S AAoE B ol WEE & jly 34
gRH g Yag b 2 5o ApME o
§ hydrolysates& F3§ HEFRIEZ uppy)
f8ll, FAe R Fir(anoxic) FH Y ¥Hg-7)
(packed-bed reactor)2] ¥ 33} 3 (denitrification)
L2 A2E EYACt o] deld  RDX
hydrolysates & &<l ot d FANO)7} &
Ao o] HAF=L A (electron acceptor) 24 2}
AHEEAT A7 FAI 0 %olitel f7] ©a
FAEEFH NOVE AAHAD, B34 48
Q) 3} 8tof& 4 (stoichiometry)g # w21 S
o,
¥2%(membrane)& ©)&F 7lge M2 B
2 #4 IR FE Jeae] Foist dSA g
ol F A& HEEr] A8 H450] gk
#HZoe R Zien AESRH XE A¥Y
71491 MBR(membrane bioreactor)o]le zhagul
e A2 Adel e4sRL? o AL A4
o] ¥3 7IFH7ZA"e] Sle UF(ultrafitration) 9}
MF(microfiltration) #]1te] B go) oj3le] &
3@ k. MBR FAAE HA Ak
(biomassjo] Al2=%) ol BjE# glo], eig vl
B8 AFAHSRNY 2o 7bgdla #E49
4 (disinfection) E§ 758 o] Ao},

£ Fe dEhe(ceramic)e] AFE o)FoA
UF membrane module®} A &84 &4 vgz7}
Hd¥¥ benchscaled] 944 T4k MBR 33
& ol 8dtal, g EH RDXY 7heis ¥
W& E(hydrolysates)o] Hel& A FHHH

2 Mz 3

2.1. ©Ea4B(Denitrifying Culture)

2 Ay AH83 inoculume E §Y9) Aol
A FAHA 9878 0|48 RDXY 7R an
HEE AelAe AEF inoculumE IR AL
Sk Hzxo wioekde H sa xage g4
digester €8 28¥ U o] wigdL o
A E442-9] phosphate @3 gd o2 M3,
A& ¥ NH 0.2 g/L, MgClh * HO 0.1 mg/L,
CaCly " 2H/O 0.04 g/L, 28|51 NasS0; 0.02 g/L
o] X¥¥ mediumol X o 337} wjekstgch. o
¥ °lF mediumd} tj8o}] RDX hydrolysates}
trace mineral £%o] A&How IFHYC
pHE &3 w89 HHZ9) 707 75 AlolE
gh37] 4ale], 430 05 M HaPOsE o} 83l
e@ANRE-g 5% pHY Z71E ZA2AHT o
HiPO& nutrient®] ¥ B Ao SF3stct.

22 #HF{Feed)2l 4

¥ AFeM AHEF MBR #3439 94+ RDX
o] stisfolAl WA hydrolysatese] B9}
22 FEH?1 1.6 M NOy, 1.5 M HCOO, 01 M
CHCOO, 11M HCHOE AH4#tt? ols 4
93 €3 vhgg o83 AlER(71A)E &
#7171 HHAM ALgEHolA AASFEAE
hydrolysates & &h4Ql NOyol2lo] &7tz FAA
4 ALNO)E FH3H NOsE F719] A
FEAZ AMEF olRE NOYRO g3 whgoy
ByHog Ag513, 2(1)3 o] hydrolysates
% NHy7} #4ste dl, of NH:7F AsgaA&
HAAA =E NOs2 HolgtA Hol olg Ags
& F e 7hEAdol EA)37) HEojt) o] Fo)
25 X34 ot e o8 g

(068 NOy) + 1.6 NO; + 15 HCOO
+ 01 CH:,COO' + 1.1 HCHO + 388 H' —
114 N; + 2.8 CO, + 394 H,O @
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Table 1. Onginal composition of the synthetic hydrolysates of RDX wastewater.

Compound Concentration Concentration
{mg-C/L or mg-N/L) (mg COD/L)
Acetate 13.1 350
Formate 98.0 130.5
Formaldehyde 718 1915
Total COD 357.0
Nitrate 1220
Nitrite 52.0

2 (2ol M wtelglol celld] §4Ho AF H
ArgH w59 Zdav EFEA gt o I
grfE Aol 95l 2gH o2 THE hydrolysates
7t 398 95 S Table 12 U400
Mol ztzt 71-e) Fx9t o]E9 COD 7ldx 1
g HA FEAA NOy# NOYe| #5858
EFfiltt. MBR 332 o] 58 of 3gzt &8
=it
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e 00055 m'o|Y:, Helet hEe 21-105 kPa
& o) g8t

FAtae] A EY-EE ol Y(plexiglass) )
42 ooz AR, 43U EEH external
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Fig. 1. Membrane Bioreactor Schematic Diagram
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%o g olFHY, F2%E AHI biomasse A
B xE v B fEHe #5088 2
2b8l= back-pressure WH o] 93l zAE Yt
#2948 3% permeater= membrane tubed
B3 dojA@t

M Y (backwashing) & FF5 433 2%
NaOCl &9 MY F FHFZ oAl M H(rinse)3}
= e ARSI Eelee] M A Alef B
2leta}l ¥hg-EE three-way valveo] 213t 1.9
Aok QA AL of 308 AE AL=HD,
FHTE A48 Aol AHA ol Hatg
biomass7} AJER¥HEZE Al Huolx] biomass
o] A& FA8TH NaOCIE o] 88ed 3§
44-€ biomass§ WHE3tA] gkgkch A4 3 Fol
o ¥gZEe F7E 2D FALEAE A
Al #ic}.

24, &4

RDX¢] hydrolysate] HCOO', NO., % NOy%
< DionexAl2] Ion Chromatography& o©]8 3%
r}.  (basic chromatography module CMB-2,
gradient pump GPM-1, suppressed conductivity
detector CDM-1). £4A] A3 Z 3L Dionex
A1) Ton Pac AS9-SC analytical column(4 mm
LD)e] AHEE . o}F4L 075 mM NaHCO
9t 2 mM NaCOsol%l3, eluentel H#3& 2
mL/min®] it}

Hydrolysates®] 3}.4¢] formaldehydes] 4.2
z M AL Y E o8Bt B8
< 05 g9 24-dinitrophenylhydrazine(DNPH)&
500 mL¢] 2 N HClo] 238 §9q0] xo]5 &)
o) 5 mL2] chloroform& #¥7}3o) BeB-& AA
ek EAAAE 4EE 9A o] DNPHE Y
£33t 24-dinitrophenylhydrazone & % 4A7]
11, o]%of solid phase extraction(SPE) & o]
838t 2233 SPE F&WYE $3ld &
E A4 RAolA acetonitrile g2 wpEm, o
Fgd4e HPLCE ¥A3%c. HPLC ¥4
autosampler®}  variable wavelength detector?}
239 Hewlett PackardA}2] HPLC 1500 Series&
olg3tA%t. AHEE  HYL  AlltechAty
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50%(volume %)2] acetonitrile®} watero] %o n
32 15 ml/minojdc}t. AMg® e

2A-dinitrophenylhydrazone-€ #4371 93] 2%
nmE DAAH

MBR Al=¥lel Ae] &8 Hrishr]) 8 w)
¥ pH, #& J2(D0), ¥ &% 58 333N
H, H9H g 7HCOD)IH F §7) @i
TOC) ¥ # ¥ ATLYE(TSH) 5L wjF 5 ¥y
248t L& ¥4 Standard Methods”o]
ojaf o]k F2ivtE 33 permeated] 4}
Bl glo} =& heterotrophic surface-plate counting
method®oll ojste] of iRt

3 #Fn ¥ 0¥

3. YEu8xe B

ghg-2E A 4bAbel(steady state)ol] o]27] 93
o o 609X 709 = &3t MBR ¥
hydrolysates A B&& %7 918k, KU+t
Fel2Hg $¢ permeate 212t2] hydrolysates®]
FEE SAUTE olRe AAE Fig 29 e
Wit

o] oA o) hydrolysate<!
formaldehyde, formate, “12}3 NOy 2] of 90%o°]
el AASAD 28y NOy o] A& A Ao
oF 55% A %0t Acetates] 79 Z7ldl GCa
S, AA V%4 AH HEE B
3 ol¥E FE7F OE R71EA visM g
23, CODE AAE& #A¥ + ez =
AatA] okt

499 43 449 sAge] ARrEN &
A el F EEUD, EF F Y AAFE
H FolA NOy7F NOYHED o] AnHog o) 8
Atk NO9l 3¢ we AXge FE dde
cell synthesis®] Z3e} ¥ 4= Ut} cell synthesis
7t BEA dolud o] e AL o s
#71 @49 $x7} cells] §4E& 931 o Ws
3t Ak HAZ 231N WEVE ARR 2 B
Yo Afolxl ZHHE cell yielde 016 mg
cells/mg COD F& 031 mg cells/mg N3t}
2 Hd¥dME A4 AAHA ¥e NOE Ro}
B $E29 cell 4] H&S vl o
PA F712 feedo] YolE NOs2 B¥a 8L,
L388 AiHe] AAE F7E T2 Aol R
o & o]f 2% NOyo &% wafjatgo] W
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Table 2. The MBR process performance for hydrolysates of RDX wastewater.

Concentration Feed Permeate Removal (%)
COD (mg/l) 357 105 + 3.0 972
TOC (mg/L) 2050 *t 100 50 £ 15 97.6
TSS (mg/L) 35(+1.1) 98.4
Turbidity (NTU) <01
pH 70 + 01 74 + 01
NOy -N (mg/L) 52 35 93.3
NO; -N (mg/L) 122 55 55.0

57e gARANA NOy B ERE Yol
o} olmf A}R-3 NOY Y B2 ¥ d7xc) g4
3ol Al2E % unacclimated AlA"o g ofE
Hejolung ZANg & Aol v g2 o
oy g3ARYe] ke NO, F%o s
Wl B 5 UL 7HeAdel ulse FAl3)
olg}$rg waztgol g AFe A7vt A%
Foje} gitkm gt

Table 2= Y9} Helohg 314 permeate?]
CODgt TOC, NOs, 28|32 NOYe| He ¥5%
AHEEE ebd Zoldh MBR #F#4& %314
o} 97%9 CODg} TOC7F AAH Yt &g
F 3¢ permeatecl| M= TSS7} Aol ¢, 1 %
5% 9 35 mg/LAEN ) ¥h8-7] Wie] biomass
o] ¥Ev o 300 mg/LE ¢AHHIUG g
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Fig. 2. Removal Efficency of Each Hydrolysate
in the MBR.
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Fig. 3. Change in Biomass Concentration in the MBR.
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o4 550 mg/L7tAl H718tAct F/M H E§
biomass $%9 2712 033014 050 kg N/kg
MLSS/day (& 120004 182 kg COD/kg
MLSS/day) 7t A % 7bet gt

32 Eelote Ms

MBR Al2goAy Belote] Hd5g& A7)
dalMe od8 BHAU EHAAEY oo &
e B9 fluxe] BAE GolRe Aol F83)
ot o]E QAtFele =F#}Y ¥ (transmembrane
pressure), 25, biomass’s % §°] Uch
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Fig. 4. Effect of Transmembrane Pressure
on the Permeate Flux (MLSS = 200-250 mg/L)
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Fig. 6. The Effect of Biomass Concentration
on Permeate Flux
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Fig. 7. Permeate Flux as a function of time
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