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Removal Characteristics of Chloral Hydrate by Activated Carbons and Biofiltration
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ABSTRACT : Coal-, coconut- and wood-based activated carbons and anthracite were tested to evaluate adsorption and biodegradation
performances of chloral hydrate. In the early stage of the operation, the adsorption was the main mechanism for the removal of chloral
hydrate, however as increasing populations of attached bacteria, the bacteria played a major role in removing chloral hydrate in the
activated carbon and anthracite biofilter. It was also investigated that chloral hydrate was readily subjected to biodegrade. The coal- and
coconut-based activated carbons were found to be most effective adsorbents in adsorption of chloral hydrate. Highest populations and
activity of attached bacteria were shown in the coal-based activated carbon. The populations and activity of attached bacteria decreased
in the order: coconut-based activated carbon > wood-based activated carbon > anthracite. The attached bacteria was inhibited in the removal
of chloral hydrate at temperatures below 107C. It was more active at higher water temperatures(20C <) but less active at lower water
temperature(10°C>). The removal efficiencies of chloral hydrate obtained by using four different adsorbents were directly related to the
water temperatures. Water temperature was the most important factor for removal of chloral hydrate in the anthracite biofilter because the
removal of chloral hydrate depended mainly on biodegradation. Therefore, the main removal mechanism of chloral hydrate by applying
activated carbon was both adsorption and biodegradation by the attached bacteria. The observation suggests that the application of coal-
based activated carbon to the water treatment should be the best for the removal of chloral hydrate.
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Table 1. Characteristics of influent water

pH Turbidity Alkalinity DOC UVas4 Temp.

Parameters 1 o
() (NTU)  (mglL) (mglL) (m) (C)

Value  7.0~73 0.04~0.08 31~45 09~1.1 0.008~0.012 4~28
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Table 2. The physical characteristics of GACs and anthracite
used in this study

Species Coal Coconut  Wood Anthracite
(Calgon F-400) (Samchully) (pica)

Case virgin virgin virgin  virgin
Apparent density (g/cm3) 0.41 0.46 0.23 1.4
lodine value (mg/g) 1020 1163 985 12
MB adsorption (mL/g) 261 252 255 -
Specific surface area (mz/g) 1115 1279 1350 1
Total pore volume (cclg) 0.538 0.495 1.225  0.003
Mean pore radius (A) 23 18 28 -
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Fig. 1. Distributions of desorption volume with pore

size.
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Fig. 2. Schematic diagram of continuous adsorption column.

J. of KSEE / Vol. 30, No. 2, February, 2008

/i

X
BAe XN8E NaClE %3HA7),
4191 MTBE(methyl tert-butyl ether)E AFg&-3}o] i
of FZsh= Wos 23 AL GC/UECD(HP 6890
series, Agilent, US.A)E AFE-3te] 243}

Nl

2.2.3. F-2m A E A F S = A4

Ao B2 njAEo] A A 2 (biomass)S I E
T 1 g& 1FXAZ] ¥ 37 kHz, 190 W=Z 3% 59t
<3+ *2](DHA1000, Branson, U.S.A.)3t A2 €
A7l & R,A agar(Difco) HIIAVo] A8 1 mLE &
Hog 34 =g F 25T wjF7|olA 253t ujgste]
&% 1 g colony 84 AldFZ EASHGTH

H2u| Y E-0] A E(activity)E “H-thymidine©] DNAO]
FHe A2 FEATY UA S4Y F5F 1 ¢S
=3 st AdEs 2EAZ A8 2 mLol| 200 nM
[methyl-"H] thymidine &% (specific activity: 40~50 Ci/
mmol) 1 mL$} 200 nM cold thymidine €% 1 mLE 3
7heh 3 ik wjETIol A in situ ZASZ 4AIZF Hl st
Aok ATP €425 g/L) 100 pLet 1 N NaOH 2 mLE 3
7Feke] 100ColA 1A17F &3 71E3te] DNAE F&3% &
A BZAIZ1A 3,000 rpmel A 107 A AT
245 1 mLel ice-cold 10% trichloroacetic acid 5 mLE
HArrele] Hbg-8 FREAYI 158 A= Y4AIZ F 0.2
pm FEHQ FHE AFSIATh o] AAE viald] ¥
AZA1Z] & ethyl acetate 1 mL9} 10 mL9] scintillation
cocktail(Aquasol-2, Packard Co.)S I3} liquid scintilla-
tion analyzer(HP, 2500 TR/AB, U.S.A)Z WAMAHS =
stk Aol DPM(disintergrate per minute) #kSZH-
E] Parsons 50 9J& 2]S o] 88} incorporation® thy-
midine®] ¥ A4katch”

By

[

6

BN oy

Slining rank

= IUEIN
! {
HEF -

:_3 3 ()
i
e "
E e

."i_" inflarm
5 W
!IJ — Seravcll ':I"i: =
! — & jm



3 = aLE
3.1. A& A AH 2 otET}ALO| E biofilterol A 2]
A7 40 upE FRdslo| =g o|E A A
54

gA4e AAE gy FA5o] gle AAl(media)?l <t
Egtabo|Eo ti3lA bed volume(BV)ol wE FZEs)o]
ZgolE AA 5AS Fig. 39 YeRITh BV ®islo|
g ZEHSo|=olE AA 5S4 EXE &1 =27
dAere] FRol BAGlel A, oA 2 EekA
e 25 52 AASTS Hola vk 28y &

713ko] Ziste] BV oF 17,0005 ZH#HA A,
oAl B EEHA 2

oo & 8
ox fr 1l

L rm

o

et 25 fE59 vt 2 =

7] o} molAl= o2 vehtal ok
T3 PEFAIESY APe SRRV E BRI E
o] AA FH(biomass)olH A E(activity)7} ol =2

stol=go|Ee st AEsso] Wekout BV oF 5000£
AYsiEA AEdTe] SXEE Ao Yepth o3&
FHZR7) FdTY F20] 20T oo m FRmAYES] A
AF F7ht 845 S ofF el 0] wWE
of FAuAYE ofgh g%ﬁﬂ 7b dojube AlFdo] WE A
o2 Jepgth AN F2o] 5T A= F&7]0l=
Zgsto|=go|Eof tigt @v‘i—%ﬂ%—‘l 37% AEZ e
omn, o]ZL& F& Al w2 FARMAEY] =T B
ol A Aol oJgh AATo] HolxIA ofr|E Adfeltk

olggt A= Mg, oAl 2 HEA EAEAME
UePg o, 420] 10T °J3t= Yolzl BV ¢F 17,000
A FEFY] FELSIEHCE T2 T8k
o2 Yeiyth 584 &4 F$= BV 9F 15,000
THE FEFY FEEo|=H0E R TUHEHAL
™, o]% BV ¢} 25,000 F-Z71A] A&Ho R 57}6}b G
4E HYom, BV oF 25000 FZolAe zz_,uq
AEZGAIES} HIg A AES YERfaL Q)

AetA| 9} ofAlA EEe] BeE AAEL %‘%ﬁl 24
gH 2=gtoy SebA S48 o F f aF
S Bk ol#g &> BV <F 20,000 F- W g g%
38 FEYslol=d ol EY] ﬁ}dﬂ-(breakthrough)ﬂ 2
PEe= Ao 2 Yelya 9o, bed volume F 20,000

Y

4o o o

F

L

2

ety g3t T4 Chloral hydrate A7 54 221

1}, BV 20,000 01 o
T7F askiaAs 24
Al Atz =2 o}OlE’ﬂIOlE" %%%Eﬂ =7Vt
= A¥%S HAFa ok m} A %]
stol=go]E9] A|A7]Z 1&7101]—5.— &
HES A8t ‘ﬂml*gg«l Ggdo] FH=H
Zo 2oJst A& (biodegradation)} =l 23]
RO YEhgon, o] 5T olatz Astd 7
Aol 53] AxA= o2 Jepgth 3 <t
EZIAPOlE biofiltero| A= 20] 15T ol3t2 Asl=dA
-2} bacteria®l] 9§+ AT 5o] A=) AlFtee Ao
ZALE AT

T3, ST FEZALOIES o] A5l gle &

ta/d Aol obd AAjelxe] HEEa HWIEFS

_vg

ol

ar e o &

SR

Xl bacteria’} F2HE o] =79 f‘—*E‘ of we} AYEH=
7] &2d9s AR AAs e 7SS 7HRe v, &
Aets 2o g3 A A J—i‘?iﬁv‘i‘ﬂ' ol I
(pore) Well B2 bacteriaE o] o] X 23t7] wie] 23
z_-]o] el m7idEE 7HAH, gk Alge] 7HAE &%
ol oz F2E 7] gAadS AA8] FarTe I
Z—‘i?_] el m7idEE 7tk mEbA] 2 Aste] wE

2T FEFAIENN ] AAE Aol oHT H)
7F4E Zeldll Ssf 719" Aoz dAdEn

3.2. FLRstl e RAWAAE QA B G
Halel SR dslo| =g o E AAEA

Fenigld w2 7 S48 AR 22 u)AEe A
Fh ST WSS Table 30 JERATE 27 2710 bed
volume 10,8707tA= 7 &A% ZHozZ {FUHE=E 9
o] F&o] 20~28T W oH, ojwje] zhzhe] et
A wAE YA Hbiomass) T B E(activity) FTFE>
AeHA g8k A 1.2 x10° CFU/g# 3.01 mgC/m’ - hrZ

£ Ao HBET AQEAIOIE Mg HluF =
A vehta glow, whde] F3so] gl A HE=E
AP ESME 1.6 x 10° CFU/g# 2.11 mgC/m’ - heZ 7}
e AAFT e BHEE 7T Aoz ZAMESIT:

Chioralhydrate, GG,

———— 10
O Ceal v Anmeacie |

O  Cezomid —— Tamip. _

w  Wiood .l..-__--' = o éj-

— 415 4

gy LA 41w B

o iy -
B ol o g 15
rlos By aefe 2 .
30000 40000 50000

Bed Volume {-)
Fig. 3. Chloral hydrate concentration profiles in various GACs and anthracite biofilter study.
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Table 3. Variation of biomass and activity of attached bacteria in the GACs and anthracite biofilter

Temp. Coal Coconut Wood Anthracite
Bed volume (C) biomass activ}ity biomass activity biomass activ}ity biomass activity
(CFU/g) (mgC/m’ - hr) (CFU/g) (mgC/m” - hr) (CFU/g) (mgC/m”-hr) (CFU/g) (mgC/m” - hr)
0~10870  20~28 1.2x10° 3.01 9.0x10’ 2.83 9.4x10’ 3.04 1.6x10° 2.11
10871 ~17198 10~20  1.3x10° 2.88 1.0x10° 2.55 9.9x10’ 2.88 1.9x10° 1.98
17199~29279 <10  9.0x10’ 2.11 7.0x10’ 1.99 5.8x10’ 2.03 1.0x10° 1.01
29280~41935 10~20  1.5x10° 2.98 1.2x10° 2.70 1.0x10° 2.95 1.7x10° 1.68

Table 4. Removal efficiency of chloral hydrate in the GACs
and anthracite biofilter

Bed volume Temp. Coal Coconut Wood Anthracite

0~10,870 20~28C 97.5% 97.4% 94.6%  69.6%
10,871 ~17,198 10~20C 99.6% 99.5% 92.9%  53.4%
17,199~29279 < 10C 84.8% 892% 38.7%  36.6%
29,280~41,935 10~20TC 91.3% 91.5% 85.6%  81.1%

Bed volume 10,870 ©]%<] S4et Add A g} &
Azol WHale F2dslel] FAgle]l AgA FAEelA
7P =4 JEoH, TR0 2 ofxH|, 84 &4
UEZAOIE #0722 ARG dRbF o g wEe
2 g7 g Ajtete] AEEAAE 8 g4
deizl e @4 B F3EAs 5= pEd
A g mAE AAFo] O =& AL oY
& A7Wee g Aol

a8y, 9457 455 AFAEske pilot-plant®] BAC
Aol M o] AFEE A4S A7e & T a7an?
A= HEA GATRT AeA AdseA uAE A
F AT 9 =4 debgtha Baska o] B A
TAZe} IXeh= AHE RAFEH old A= Fig 1
of Yeld MIEEE B & 5 Aok FeAe} e
GAEre] AUAF(500 A ©]4)e] BEXE BHY ols A4
gl Aol AdAlEe] FE9} Fo] Ao FAsA et
Ao, 3 bacteria®] 7] &2 ¥H &L )
7189 F35o] e Eddo] gt
o Fste] o]Egt At vy Ao g fFHE ok
FdF Fo] RolASFE 74zt e Ao 73
g AAHY BT Feo] GoldeE HAhdhe
A3E vehlo] 29 Astd wet FRmAE o5t
AENEL 2 HolE Holt: Aoz Yehta Yok &
Sk Table 49 bed volume™ F~2wslol| W2 FZZs}o]
ZgolE9] AAE WS Ve

a

ﬁloi‘rm
§2 o fuoHT o

[*]

fr R

4.4 &

G 2ERAE FRIsolsdolEd B B
AR A P HEBALIE biofilier o]-§3te] £77]
78 AYSY oo B2 ARRAEE A5 A
252 Bstel thevt ge AEEL A4 & AU

GG YN FEISe|sHolEY AANNE 23

J. of KSEE / Vol. 30, No. 2, February, 2008

Z7lele F3o] E2 HFE A FAREAAEY
Aol SHEHA B AE ot et S 9
AAFGeH, S2dslo|EdolEE AR50 & &
2 ZALE A

HdEdE AAE FEL3Po|=go|EY AA B
AeA| e} ob Al RN AAEC] =33, FEA &
Ak AHo g e AATS HAoH, FEZKIE
biofilteroll A 7} ©re A ATS RATh

ek A 22 uAEe QAP AR AgA
7V Vg =ka, ofR A, HEHA|, QEFAIE Fo 2 1
Eton, 2 Wzl mE2 FEUslo|=olEL A|A
EXe 2200] 10T °|32 A3t AS 22 bacterial)
WA FT GAE AR AAE] A

QEFAIOIEE o] &3 AEATH FAHL =2 Wl
o} RIZFHAl Wste s JEI e, ol H3 bac-
teria®ll &Jg+ AHAN AEF3NT F AA w7 Fo7] o
21 Ao 2 YETh

ik

oft
=

i

FFo|=g L AAAN FAFE Ee BdlE
oo JPol v)e FR3, FHsol 278 BT
U F250] gl e e AEeln FHelNE £
+o] w2 FATCE o5 ol Wvig &4 A
o o3 F2eAol Bad Ao Ytk

FaEd

1. Zavaleta, J. O., Hauchman, F. S., and Cox, M. W., “Epi-
demiology and toxicology of disinfection by-products,”
Formation and Control of Disinfection By-Products in
Drinking Water, Singer, P. C.(Ed), American Water Works
Association, Denver, pp. 95~117(1999).

2. Craun, G. F., Bull, R. J., Clark, R. M., Doull, J,
Grabow, W., Marsh, G. M., Okun, D. A., Regli, S,
Sobsey, M. D., and Symons, J. M., “Balancing chemical
and microbial risks of drinking water disinfection. part
I. benefits and potential risks,” Water Supply: Research
& Technology-Aqua, 43, 192~199(1994).

3. Fawell, J, D., Bull, R., Birnbaum, L.,
Boorman, G., Butterworth, B., Daniel, P., Galal-Gorchev,

Robinson,

H., Hauchman, F., Julkunen, P., Klaassen, C., Krasner,
S., Orme-Zavaleta, J., Rief, J., and Tardiff, R., “Disin-
fection by-products in drinking water: critical issues in



10.

11.

12.

13.

14.

health effects research,” Environ. Health Perspect., 105(1),
(1997).

Hargette, P., Budd, G., and Cline, M., “Strategies at
Charleston CPW for compliance with DBP regulations,”
Proceedings of AWWA 2004 Annual Conference, June
13~17, Orlando, Florida(2004).

Richardson, S. D., “Disinfection by-products and other
emerging contaminants in drinking water,” Trends in Analy-
tical Chemistry, 22(10), 666 ~684(2003).

Le Cloirec, C. and Martin, G., “Evolution of amino acids
in water treatment plants and the effect of chlorination
on amino acids,” Water Chlorination: Chemistry, Environ-
mental Impact and Health Effects, Jolly, R. L., Bull, R.
J., Davies, W. P., Katz, S., Roberts, Jr, M. H. and
Jacobs, V. A.(Eds), Vol. 5, Lewis Publishers, Chelsea,
Michigan(1984).

Trehy, M. L., Yost, R. A., and Miles, C. J., “Amino acids
as model compounds for halogenated by-products formed
on chlorination of natural waters,” Biohazards of Drinking
Water Treatment, Lewis Publishers, Chelsea, Michigan,
pp- 133~140(1989).

Barrott, L., “Chloral hydrate: formation and removal by
drinking water treatment,” J. Water Supply Research &
Technology-AQUA, 53(6), 381 ~390(2004).

Reckhow, D. A. and Singer, P. C., “Mechanisms of or-
ganic halide formation during fulvic acid chlorination and
implications with respect to preozonation,” Water Chlori-
nation: Chemistry, Environmental Impact and Health Effects,
Jolly, R. L., Bull, R. J., Davies, W. P., Katz, S., Ro-
berts, Jr, M. H. and Jacobs, V. A.(Eds), Vol. 5, Lewis
Publishers, Chelsea, Michigan(1984).

Keith, L. H., Garrison, A. W., Allen, F. R., Carter, M.
H., Floyd, T. L., Pope, J. D., and Thruston, Jr, A. D,
“Identification of organic compounds in drinking water
from thirteen US cities,” Identification and Analysis of
Organic Pollutants in Water, Keith, L. H.(Ed), Ann Arbor
Science Publishers, Ann Arbor, Michigan, pp. 329~373
(1976).

Miller, J. W. and Uden, P. C., “Characterization of non-
volatile aqueous chlorination products of humic substances,”
Environ. Sci. Technol., 17(3), 150~ 157(1983).

F3F, Hew 27 2 A SOl B9 H o
== #'H(2003).

Yavich, A. A. and Masten, S. J., “Use of ozonation and
FBT to control THM precursors,” J. AWWA, 95(4), 159~
171(2003).

Page, D. W., van Leeuwen, J. A., Spark, K. M., Drikas,
M, Withers, N., and Mulcahy, D. E., “Effect of alum
treatment on the trihalomethane formation and bacterial
regrowth potential of natural and synthetic waters,” Water

i)

o

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Aety) AEof3)t 3o A9 Chloral hydrate A7 54

223

Res., 36, 4884 ~4892(2002).

Vel Leitner, N. K., De Laat, J., Dore, M., and Suty,
H., “The use of ClO, in drinking water treatment: for-
mation and control of inorganic by-products(ClO,, ClOs),”
Disinfection By-products in Water Treatment: the Che-
mistry of Their Formation and Control, Minear, R. A.
and Amy, G. L(Eds), CRC Press, Boca Raton, pp. 393~
407(1996).

Reckhow, D. A., “Control of disinfection by-product for-

mation using ozone,” Formation and Control of Disin-

fection By-Products in Drinking Water, Singer, P. C.(Ed),

American Water Works Association, Denver, pp. 179~
204(1999).

Tung, H. H., Unz, R. F.,, and Xie, Y. F., “The effects
of adsorption isotherm testing conditions on GAC bed
life estimation,” Proceedings of 2003 AWWA Annual
Conference, June 15~19, Anaheim, California(2003).
Wu, H. and Xie, Y. F., “Effects of empty bed contact
time and temperature on the removal of haloacetic acids
using biologically activated carbon,” Proceedings of 2003
AWWA Annual Conference, June 15~19, Anaheim, Cali-
fornia(2003).

Speth, T. F. and Miltner, R. J., “Adsorption capacity of
GAC for synthetic organics,” J. AWWA, 90(4), 171~
174(1998).

L3, =4, AR, A8 AdA, 248 24
Aol da aFtE A5 WP, 27(7),
762 ~770(2005).

M, 3, G, ¢S4, 3L, «2A4e 38
el QA F71840A 94 2500= AAS

4, 8874 23t38] %], 29(2), 184~191(2007).

S EFHI), KS S48 AlEH, KS M 1802(1998).
S35, FAYAS ZIEH 4 2 BAVIE, $AF AL
Al A11999-17335(1999).

Snoeyink, V. L., Adsorption of organic compounds, In
Water Quality and Treatment: a Handbook of Community
Water Supplies, 4th Ed., Edited by Pontius, F. W., McGraw-
Hill Inc., New York, pp. 781 ~855(1990).

US EPA Method 551.1, Determination of Chlorination
Disinfection Byproducts, Chlorinated Solvents, and Haloge-
nated Pesticides/Herbicides in Drinking Water by Liquid-
liquid Extraction and Gas Chromatography with Electron
Capture Detection, National Exposure Research Laboratory,
Cincinnati, OHIO 45268(1995).

R, “POlRIGMEREE O B 2 Mo B, $a41l0
HAGEWT e e Sk, pp. 1~3(1990).
APHA, AWWA, WEF, “Heterotrophic plate count,” Stan-
dard Methods for the Examination of Water and Waste-
water, Eaton, A. D., Clesceri, L. S. and Greenberg, A.
E.(Eds), APHA, AWWA, WEF, Washington DC, 19th

thetetd5sts|X| 303 2=, 20084 2



28.

29.

SRR o E

e

ED, pp. 9-31~9-35(1995).

Fuhrman, J. A. and Azam, F., “Thymidine incorporation
as a measure of heterotrophic bacterio-plankton produc-
tion in marine surface waters: evaluation and field results,”
Mar. Biol., 66, 109~ 120(1982).

Parsons, T. R., Maita, Y., and Lalli, C. M., A Manual
of Chemical and Biological Methods for Seawater Analysis,
Pergamon, New York(1984).

J. of KSEE / Vol. 30, No. 2, February, 2008

30. Bell, R. T., Ahlgren, G. M., and Ahlgren, 1., “Estimating

31.

bacterioplankton production by the [3H]thymidine incor-
poration in a eutrophic Swedish Lake,” Appl. Environ.
Microbiol., 45, 1709~1721(1983).

£8%, g7, ool Fed, BAS, ARBNG F
BN BAG Ao mE LANAE 2PSA S
B74F8+g A, 27(12), 1311 ~1320(2005).



