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Abstract : In this study, the effects of empty bed contact time (EBCT) and water temperature on the biodegradation of 9 halo-
nitromethanes (HNMs) in biological activated carbon (BAC) process were investigated. Experiments were conducted at three water
temperatures (10C, 15C and 25C) and three EBCTs (5, 10 and 15 min). Increasing EBCT and water temperature increased the
biodegradation efficiency of HNMs in BAC column. Dibromochloronitromethane (DBCNM) and tribromonitromethane (TBNM)
showed the highest biodegradation efficiency, but chloronitromethane (CNM) and dichloronitromethane (DCNM) were the lowest.
The kinetic analysis suggested a pseudo-first-order reaction model for biodegradation of 7 HNMs at various water temperatures
and EBCTs. The pseudo-first-order biodegradation rate constants (ko) of 7 HNMs ranged from 0.0797~0.7657 min” at 10T to
0.1245~1.8421 min™ at 25°C. By increasing the water temperature from 10C to 25°C, the biodegradation rate constants (kvio) were
increased 1.6~2.4 times.

Key Words : Halonitromethanes (HNMs), Biological Activated Carbon (BAC) Process, Biodegradation, Water Temperature, Empty
Bed Contact Time (EBCT)
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bromonitromethane (CH>BrNO,), bromochloronitromethane
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Table 1. Physico-chemical properties of 9 HNMs

Boiling

Compound A.bb.re_ CAS Formula MW, point
viation No. o

(C)

Chloronitromethane CNM  1794-84-9 CH,CINO, 955 12257
Dichloronitromethane DCNM  7119-89-3 CHCILNO, 129.9 107%
Bromonitromethane BNM  563-70-2 CH:BrNO., 139.9 1132;,
Trichloronitromethane TCNM  76-06-2  CClNO, 1644 1127
Bromochloronitromethane  BCNM 122581_ CHBrCINO, 1744 -

Bromodichloronitromethane BDCNM  918-01-4 CBrCL,NO, 2088 115 57
DBNM  598-91-4 CHBrNO, 2188 152,77
Dibromochloronitromethane DBCNM 1184-89-0 CBr.CINO, 2533 -

TBNM  464-10-8 CBrNO, 2977 1567

Dibromonitromethane

Tribromonitromethane

% Values from http://en wikipedia,org

Table 2. Characteristics of influent waters during experimental

period
pH Turbidity DOC Temp
() (NTU) (mg/L) (€)
Influent water  7.0~7.7 0.03~0,04 1.15~132 10~25

2.2. BAC 2! biofilter M

B Ag o] AEE BAC Y biofilter= AgHA| 2|2 9] &4
EHF400, Calgon, USA) W QFEZIAIO|E(SHE QFEEALO]
E)2 UH2 8~30 mesh= Y57 A5 A4A2st= 1
d 300= A 2]5FE 9] pilot-plantof| A tef 318 A= ARG
Ao 72 2743 bed volume-2 165,000 AL o]c}

BACS} biofilter®] oizj& AE-E 39 Hw ALE3E AJEh|
o) SAET QrEehifolEe] Rzt uheelote] Aok
(biomass)Z} ZHAJ = (activity) S =4 5F 22 Table 39 e}
Yolck g 20T 2t 7
Avjoln, 2HATNE el THHBACS] A7t =
Aol Ebiofiltenol ]} AL 259, FAEE 159 3
T =7 Ueht geta)l otEetito]Eof A o] Bzt ule| g
of WAL BHEO] TS Hol7} Y2 o 4 ek

BAC 4 biofilter AH 9] 242 T & H7Fof 959
HNMs#F5& 212 10 pg/Lo] s== 80 L 82| 34
Zof BQlsle] A7 EHZI(MASTER Flex® L/S, Cole-Parmer,
USA)E A}g31o] 3|4 M ZoA] 18 mL/min .2 Huf Z(dis-
tributor) 2 o435t 3 67|19 £ ol3d AH (A 2 cm,
Z20] 20 cm)2. 2 3 mL/min¥ #5554 EujE =S -4t

o
NEIEE

TAZ £9A7 T ST

4Er

> 4]

Table 3. Biomass and activity of attached bacteria in the BAC

and biofilter
BAC Biofilter
Biomass Activity Biomass Activity
(CFU/g) (mg-C/m°-h) (CFU/g) (mg-C/m°-h)
1.4x10° 302 55x10° 1,95

CHEtEtd S Sts|R| | #1372 M7= 20154 72

, 405



A= = x
L8IT - Y2 - UEA - F5E - Y|

406 , J. Korean Soc. Environ. Eng.

| Distributor I@

W

Anthracite BAC
Biofilter column

ik

Treated water
sampling port

Influent water
reservior

Water temperature
control system

Fig. 1. Schematic diagram of BAC and biofilter columns,

a4 Y A 7247 15, 30, 45 mL A Z=Z15}o] EBCT Table 4. Analytical conditions of the SPME sampler and GC-

7k5, 10, 15580 HES 2-et95, 6719 AHES 5 ECD™

F Hog AP e, Fig. 19 A|AES HMFE=E Y SPME sampler

EFJgith dAHEL 3 13 AE AAE T, G F WHe Incubator temp, &time  70°C & 3 min, (agitation mode)

Zrzre] AY sEZ HE$s Tl FAE 20| 50% Extraction temp. &time 70T & 7 min,

A WAEES stRlon, FAl= AASHA gtk 2E GC-ECD

o o0 4=0 x4 2X|(Buchi, Recirculating chiller B- Injection mode Splitless

740, Swiss)S o]-&3}9] Fig. 13+ o] 422 10T, 15C ¥ Inlet temp. & time 170C & 0.5 min,

25C 2 2AFYT, 208 24 B 707k WalE Lo Column flow 1.0 mL/min (constant)

gt £2717FS 71A & AES Alx|Eg oRatg v:illue Holdltime Run.time

(C/min) (C)  (min) (min))
23, 3|24 ME R 4 Oventemp, el - e
Ramp 1 5 80 7 20

9% HNMs®| B2l 8252 18] 300 mL 83 Ramp2 40 500 8 285

o] BOD & ol gsto] B84 AWE SHsolch. 247t Postn - 810 15 30

png/Le] Hx=2 200 mL

A3F (film thickness 65 pm, 24 Ga)2 AMgaton, GCO AY
s 2 DB-5MS (Agilent, 30 m (L) x 0.25 mm (ID) x 0.25 pm (film
%

Sk F49FA dhe|gjote] 4152 BAC Ay 4 thickness))2 AR5}l ch

PN AT AREYD 1 fSFNS AHAF 0 ML 2 A F 6N b olgsio] pHE 3 olel s}
of E9lata 22ul Aelsto] F2} vy gjolEsE ge)’VA] Qon, pH7} 2AE A& 12 mL=S 20 mL vialo] NaCl
A% 200 mLof Almepol] Geld w2 SElElol HFAS (@A) 3 g7t A AT F EASHAUCE 959 HNMs

2 mL £¢38tgch 41%E 300 mL £2k9] BODH-2 shaking AL 93t SPME A A 2]4=2]9} GC-ECDO] Ws} 24L&
incubator (HB201SF, ghl}shojl A 20C, 150 rpme] A Table 49 JERfICH

o7 3EA AEN-ETIE EAstHA 7| & 2zt

7to] HNME 9] QERe5S 2Alatg et

2.4. HNMe| T x{a| 2l 2%

9%¢] HNMs £41.2 SPME A 2] #X|(GC sampler 80, 3.1. 3|EA MEHI27|E 0|28t HNMsT MEE2s| E
Agilent, USA)7} 5-2HE] GC-ECD (7890A, Agilent, USA)E g7t
AHE-3F9AE. SPME fiberi= SupelcoAUSA)<| PDMS/DVB 354 QR AL o] gste] 920 HNMsEo| o
(polydimethylsiloxane/divinylbenzene) Z} 2 2] SPME fiber 3t WEBS EAS Fig. 20] UeERQTh Fig. 204 2 2=
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Fig. 2. Biodegradation of 9 HNMs using batch bio-reactor (water

temp.: 207C).
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Fig. 3. Biodegradation of 6 HNMs in the BAC and biofilter according to
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Fig. 4. Biodegradation of 3 HNMs in the BAC and biofilter according to various EBCTs and water temperatures,
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Fig. 5. Pseudo-first-order reaction plot of 3 HNMs for various water temperatures and in the BAC and biofilter,

Table 6. Biodegradation rate constants (A,) and half-lives (ti2) for 9 HNMs biodegradation at various water temperatures and BAC

materials

Water  CNM DCNM BNM TCNM

BCNM BDCNM DBNM DBCNM TBNM

Process teznp, Kbio tie Kbio tie Kootz Aoo i
(C) (min™ (min) (Min™ (min) (Min™) (min) (Min™) (min)

Koot koot Aoo  tie  Abio  tiz Koot
(min™) (min) (Min™) (min) (Min™) (min) (Min™) Min) (Min™) (min)

10 01702 407 0.0797 867 04332 160 05212 133
BAC 15 02258 307 0.1012 685 06701 1,03 08435 0.82
25 03047 227 01245 557 08715 080 1.0913 0.64
10 0.0246 2817 0.0073 9493 0.1674 414 02614 265
Biofiter 15 0.0506 13.70 0.0212 32,69 0.2935 236 0.4715 147
25 01045 6,63 0.0391 17,72 0.6324 1,10 0.8049 0.86

0.6859 1,01 0.7629 091 0.7657 091 - - - -
10231 068 1.1291 061 12402 056 - - - -
12807 054 18258 038 18421 038 - - - -
0.3656 190 0.6288 1,10 0.8650 0.80 - - - -
0.6371 109 09152 076 11262 062 - - - -
0.8857 0.78 14271 049 11527 060 - - - -

o} whebA] Fig. 5ol 4 =& BAC 9 biofilter 37g0 A4 2t
Z}o] EBCTOA §Ql4= =2 13}o| wE HNMsH{59] 4
Tl &S o8t 77k oMo AEEs HEA
Z*(biodegradation rate constant, kvio)S 4] ()2 3} Tt
C/Co = exp (~kvio * t) ()

o 7|4 AHEZEE BEEAIE 3 FEQl CoF 7] &2 G
7 & wfo] grolHRE 10]1L, k= AEEdl A
= SRSAIZHEBCT)O|t} 2] (1) o]-&sfo] of2] xofA
T2 A9E 3HEAst] AR ST kios O}

Atk E3F HNMs 9%9] 50% A|AAEel ¥7t7](half-life,
tn)E A Q= FsHth

b

-+

tiz = 0.693 / kvio 2

BACS2} biofilter 54422 4=20] 10T, 15C 9 25CY
o] 9%-9] HNMsH52] AER8N &% d4(kio) 2t W7
(tin)E Table 6] YeR ALt =20] 10T~25CT Y o, 714
2 QERNES UERd DCNMe] ¢ BAC Z# ol A
kbio®} t120] ZFZF 0.0797 min"'~0.1245 min"' T} 5.57 min~8.67
min©| ¢l 2w, biofilter A oA ko2t tin0] ZH2} 0.0073
min"70.0391 min'¥} 17.72 min~94.93 mino]ct. E3L 9
9 HNMsH& ZF 7H¢ =2 AE2ad&S vehd DBC-
NM1} TBNMO] 7%, BAC2} biofiltere] 4=20] 10C~25

kvio2} t122 Table 59 L]—ﬂ%‘_ 2= gl

4.22
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