BEBEHEREE H1E(F1R), 53~68, 1992

= 0| RIISHEE MM
CH8t M E&tMENBiological Activated Carbon)2
SEHH &M

24« 7ok - w7l

nAoietne Bty
*RAA BASAATY
(1992d 6¥ 10¥ A

The Adsorption Removal Characteristics of Trace
Organic By-Products in Disinfection of Drinking Water
by Biological Activated Carbon(BAC)

Chi-Sang Ok, Jung-Ah Kim and Ki-Chul Bae®

Department.of Environmental Health ScienceKosin University, Pusan,
*Pusan Institute of Public Health and Environmental Research, Pusan, Korea
(Manuscript received 10 June 1992)

Abstract

In order to research the adsorption removal characteristics of trace organic by-products
in disinfection of drinking water by biological activated carbon(BAC), water samples disinfec-
ted with Cl, Os and ClO; after treatment by fluidized-bed system with water added with
humic acid(10mg/L) were investigated the formation and the removal of trihalomethanes
(THMSs), and the trace organic by-products by gas chromatography(GC) & gas chromatogra-
phy/mass selective detector(GC/MSD). Control was used by activated carbon(AC) and water
added with humic acid(HA).

The results were summarized as follow ; The THMs removal effect of BAC by chlorination
was in lower 90 % than that of control(HA), the sorts of oxidants formed by Cl:, Os; and
ClO; were that Os; was very fewer than Cl; or ClOs and that ClO;was fewer than Cls.
The trace organic by-products were esters and phthalates etc.

Based on results above, it is concluded that BAC was appeared the more desirable adsorp-
tion-degradation removal characteristics than that of AC.

KEY WORDS : biological activated carbon, humic acid, chlorine,ozone, chlorine dioxide,
trace organic by-products
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60.0 mL, %°] 450 cm& 22 AL AH Fig.
1.

Feed pump

Fig. 1. Schematic of the fiuidized bed experimem-
tal system
A:feed tank B:column C:air cleaner
D:effluent tank E:DO meter

B8 H7IANES(10 mg/L)7F micro tube
pump(TOKYO RIKAKIKA CO)E °| &3t #4&F=
FAsUt £ /&5 FESL FEE 5 mg/L
oo g fXaa vfAFo] 30 % A= FEFHRE
ENZXNE 1%3}‘11 FA FFFE 3 L/min $E2
78 4&%Hoz FYARAT

oln e Jg“éﬁ’ 350 ml/hrE FYAHAL 5
218ty 252 120 cm/hr o921 pHE 71402,
FL8 250401T oAt}

2 483 FEY v E(algae)d] F4E o
AA717) Y3t aluminium-foil 2 W& 23St

223 AE54AY

A=A ie FF Ca(OCH:A 2K(Shino pure
chemical Co. 7| %) & &38| A1A ¢4 & Az} ol
pHE KH,PO,2t NaOHZ F£ul®H &35 8d4oz =4
stgdch H49 E4L iodometric method® 3FATH
(APHA-AWWA-WPCF, 1989).

o} 4bsled 2% NaClO.9t H,S0.2 998 AZ34
o, HAL iodometric method® 3FTHAPHA-
AWWA-WPCF, 1989).



56 A% -

LEL 2EHAIAN A Az3YE, EFL in-
digo colorimetric method©.E 3} THAPHA-AWWA-
WPCF, 1989).

i, OF, oJsgie] A5WHE 77t
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2.31. THMs &%

THMs< o} =% H(Liquid/Liquid Extraction Me-
thod) 22 th5-3 Zo] A FATHEAR-T A8 Z,
1991). A1EE €3 120 ml9] vialol ¥ 3T silicon rub-
berE WAFF A=dta 2709 syringed FHlde
#/E 10 mL n-hexaned ¥WowWA ywz shte
AE 10 mLE ®eoh 281 vialg 2008 = AA
EE0 3232 1027 A TF vial 9] 713 &S
gas tight syringeZ 1 uL-E 3|3+ gas chromatography(
GC : Varian 3700 )& o} €3l A %38} th(Table 1).

o]} THMs® #4& EF %2 THMs X F U N (Su-
pel CoAlF)2 845t Algstglon 22 2702
2238 THMs standard®} A1 59 gas chromatogram<
Hwste] AlE4Fo] THMsS A #Fstah

Table 2. Condition of GC/MSD

Aol - w71 A

Table 1. Condition of Gas Chromatography
GC Condition

032 mm x 30 m
Column packing material DB 624

Column size

Injection temperature 220C
Oven temperature 120C
Final temperature 250C
Carrier gas N2, 30 mL/min
Detector ECD

232 v#E f71edgEEY 53

uEF fFUIIERE A AT FEEWE
diethyl ether[(C.Hs):0 : ].T.Baker Inc.A&, USA.,
HPLC Reagent]$} methylene chloride(CH,Cl, : J.T.
Baker Inc.#13&, USA)7F AH&-S A

Diethyl ether &7 F&9] Z$ ¥ A8 A EF
2 {52 A5 48449 Ml 2t 1 L7 AMBE-
RLITE XAD-2(Sigma Chemical Co.# 3, US.A) 2 gol
15 - 25 mL/min $52 §2A171F diethyl ether 15
mLZ 33 yr83te FE2TF 1 mL7HA F5F3HL gas
chromatography/mass selective detector(GC/MSD :
Hewlett-Packard GC 5890, MSD, 5970 Mass Chemsta-
tion)& 712 AEZE X3 UTHTable 2).
Methylene chloride &w5&9) A4 ¥4E 7t
NaES 2 KE5E A5 A9 Mg 47§91 05
LE FAAd T ¥il NaOH &SR o 2 pHE 110132 2

ol
ol
2% F methylene chloride 60 mLE Y1 I &

Analyzer
Ionization mode : electron Impact

Ionizing potential : 70 eV

. quadrupole mass filter(203mm)

Column > cross-linked fused silica capillary column(HP)
ultra-2,25m(length) X 0.2mm(ID) X 0.33um{film thickness)
Injector 1 270C ) )
Oven  150°C (2min)A2E/MID 5 9507 (10min) 2SN 9707 (10min)
Transfer line : 280C
Splet ratio 11:25
Septum purge . 5mL/min
Carrier gas > He(1mL/min)
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HFE FU1ESS &0 E 33 wtEId &30 f3te AA SdFLAFE A wHe A
(G714 23). = Folde 8434 H,S0, 4o A 2 mass spectrum®] NIH/EPA/MSDC spectral mat-
pHE 2 o|3l2 =3 3F methylene chloride 60 mLE ching systemsol A ¥ spectrumol &3} 7ot}

Ya Ay EFAE FUIEF S9E 33 wEEy AL, A ZE mass spectrum®] F oA 27 spe-
F 234 oh(AHA ¥ 3)(APHA-AWWA-WPCF, 1989 ; ctrum3} B]3to] 798t Coleman et al., 1980 ;
243 AL, 1991). 528 AT 500 TANA 44] McCreary9} Snoeyink, 1981 ; Liao et al., 1982).
5 A2AZ sodium sulfate(Na,S0,) 10 cm3ol

EHAA FEE AASL KDEH7E o83ty 1 3.0947 43t

A FE2AZF A MSDE #7] 24&39]
mL7HR) FEA 2% 9A] GC/ T = 3.1 MSEAE Kalae] ofn 9 gl o|AlsieiA

AL FHsAt
Bo% 59¢ i 2=0| T2 THMs M Z
ol fE& A%4d FX ML uF {71
AEA ZANRE - ARF 20U9A ARE 4 RAE H7INESF 10 my/LE WY 2 AR
ez st Aalee] 9iihEd e THMs A% Wil o
24252 121 ug/l, LFA2%L 0.1 ug/L, o|23d4
2.4. Az2M ANE O 1 3} sl al 2o N
252 03 ug/l oItk E£3 4T Aol g4
249 Age 4 &4 gE2Hs 723E TAMH 2EL 169 ug/l, LELEL 02 ug/l, ol gx
7198t 338 AtedEd®s FFHA(mean + SDY)E 25L& 04 ug/L °lK(Table 3).
T3 BAE HA g5 e 94, 2F F ojatsld A
AEGYE 2 GG YAE 9F /FU1e9Ed 259 THMs AT GLL5S 1844 ug/L, 2.F
9] gtete f3l 7Hedol A LHEATLE 437 A% 02 ug/L, o1EEA 252 05 ug/L o)Ak

Table 3. THMs Concentration Formed by Cl,, O; and ClIO; of Water after Treatment of Water Added with Humic

Acid by Fluidized Bed System Packed with BAC & AC, respectively unit © pg/L
Disinfectants Adsorbants CHCl CHBrCl, CHBr.Cl CHBr3
Cl2 BAC 11.8+1.2 0.3+0.0 ND ND
AC 16.9+1.7 ND ND ND
0O, BAC 0.1+0.0 ND ND ND
AC ND 0.2+0.0 ND ND
ClO; BAC 0.3+0.0 ND ND ND
AC ND 0.4+0.1 ND ND
no disinfection BAC 0.2+0.0 ND ND ND
AC 0.2+0.0 ND ND ND
Clz * 183.2+6.7 1.24+0.1 ND ND
O * ND 0.2+0.0 ND ND
Cl10, * ND 0.5+0.1 ND ND
ND ! not detected Mean+S.D.

BAC : biologcal activated carbon

AC ! activated carbon

Operation time of BAC & AC samples : 20 days
Contact time of disinfectant . 24 hrs
Concentration of humic acid - 10mg/L

* Control
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3.2. MEZAME XHe|TF YHo, 2F Y ojdtsgda A7t &5 A Fig. 2).
A=0 WE 0|2 77 @YSE MM Ao ) Z(contro)ZA] 4% XL diethyl ether
= B &9 72 22712 7F & ¥ 5L, methylene ch-
Ea¥a— . - = .
321 ‘ik e e wE e loride S22 2§ BARHL 20714, A7)
FE2 95 AFgAA ) TS JEEHG Ay .
. e CET T ge srkAYE AEEUTK Fig 3). 3 $A4E
Z AhAhEd wE BAE HIMAEFY retention N . R
) - . - . A 842 diethyl ether &9 5=Z ] %% 697H4], me-
time 50% E¢to A H v F712HE AL diethyl ) .. o L
~ . i thylene chloride £ 5& 9] 4% 2Hd¥ 82 70714,
ether 8359 7% 8714, methylene chloride & = o . )
. _ FE71 %8 & 1187HA7F A& = A (Fig. 4).
o5& e A9 AR 1974, E 18R 8L 5971
I_SEEJ{ 1,407
, Diethylether 1y ¥ Methylene Chloride(acid)
-oe L2 Methylene Chioride(base)
3 1.ec '8 HRK3] =
3 400 LN
5-0c 25 3 20064 @ 2 8 3 ) » "n.‘. x.’fa.x ° " s
N« mu.ﬁ—_t.u_..._, Bi_\- PR
M 10 ) ) @ @ 1y

Fig. 2. Total ion current mass chromatogram of extracts by diethy! ether and methylene chloride(acid, base)

after CI2 of water after treatment of water added with humic acid by fluidized bed system packed with BAC
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Fig. 3. Total ion current mass chromatogram of extracts by diethyl ether and methylene chloride(acid, base)
after CI2 of water after treatment of water added with humic acid by fluidized bed system packed with AC
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Fig. 4. Total ion current mass chromatogram of extracts by diethyl ether and methylene chloride(acid, base)

after CI2 of water after treatment of water added with humic acid by fluidized bed system
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Table 4. Extractable Trace Organic By-products by CI2 of Water after Treatment of Water Added with Humic
Acid by Fluidized Bed System Packed with BAC & Control(AC,HA), respectively

Pollutants Formula(MW) Extract(Adsorbants) cf

BAC

1,2 Benzenedicarboxylic acidbis(2methoxyethyl)ester
CuH1s0:(282.109) A,
carbohydrates, oxidants
1,2 Benzendicarboxylic acid buthyl 2-methylpropyl ester
CisH204(278.151) B,
Hexane dioic acid dioctyl ester CnH::0.(370.307)A,B,
Bis(2-ethyl-hexy) phthalate CzH250,(390.276) B,

pesticides, priority pollutants, oxidants

CONTROL
Propanetriol C:Hs01(92.047) E(HA),
drug, carbohydrate, lipid and fatty, pestcides
1H Cyclopetal1,3] cycloprop [1,2] Benzene Octohydro-7-methyl-3-methylene-4(1-methylethl ; ) —, [3aS-3
(3a, alpha, 3b beta, 4 beta, 7 alpha 7aS*]

B(HA), oxidants
2H-Imidazo[ 4,5 ]pyridin-2-one, 1,3-dihydro
CeHsNsO(135.043)  B(HA),
alkaloids, oxidants
1,2 Benzendicarboxylic acid butyl 2-methylpropyl ester
CieH220.(278.151)  B(HA), B(AO),
1,2 Benzenedicarboxylic acid bis(2 methoxyethyl)ester
CuH1s06(282.109) E(HA),
carbohydrates, oxidants
Hexanedioic acid dioctyl ester
CzH0.(370.307)  A(AC), oxidants
S-Imdacene-1,7 dione 2,3,5,6-tetrahydro-3,3,5,5-tetramethyl
CHis0: (242.13)  B(HA),
Bis(2-ethyl-hexyD phthalate CiH50,(390.276) B(HA), A(AQ), E(AQ),
pesticides, priority prollutants, oxidants
2-Oxazolin-5-one 4 Benzylidene-2-p-tolyl
CiH13NO(263.094) E(HA), oxidants

Operation time of BAC & AC samples - 20 days
Contact time of disinfectant . 24 hrs

Concentration of humic acid : 10 mg/L
BAC : biological activated carbon A : Sample of acid fraction extracted with methylene chioride

AC : activated carbon B : Sample of base fraction extracted with methylene chloride
HA : water added with humic acid E : Sample extracted with diethyl ether
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BEHE H/MESFY YEENE Hse diir
ol g vF {72 9EHL A4 BEFLRE
Aot dotd FaF ZHL B FE AIAE,
SFEF, AF, AFI AUF, 4EAH, G
olef % BEF AulBAFY HEQ 292 A 7
2}5] 91 tH(Table 4).

53 A28 Ao stotd edEde o
ZA gAA ThotE BB QLA EA e Faow
e Asg e 9 Hsakqt

=22
FE%F A% AEAX ) AT ARG S
E A7 EF9 retention

time 50% F<¢toll A E v F £7]1 L AEAL diethyl

ether 8 5:Z& 9] 79 371x7} 2250 1, methylene

chloride &¥iFZ&9] A9 MR Y2 2714, 9714
£ 57427} 73%551 2t Fig. 5).

22 M F4E HeleE diethyl ether 71329
B LEALEL 77}, methylene chloride & 32
o e AR L 127h7, AVIHEE e 187HA17
HE2HUYH Fig 6). EF iz2A FAF FH7HA
B% diethyl ether 85%9 A% 15747 A%
¥ 3, methylene chloride SM#&2] 39 MAR
g 227HA], A714E 8-S 1671A7F A& HAHE-
g 7.

.st?
ol s Methylene Chloride(acid) 8
Diethylether st ey Methylene Chloride(base)
1,907 ) ‘_" L0
-8
. 0.8 .l * e
H T s 5.
HER H - § (4] w
H 1 g ¢.ets
¢ vocsd T * e o -
1.005 - : 2
EX 3 ] 2.0e8 | 2m T .;_.E
s Loankridn k. . =
. z » N
P e u T arny e ) « se
[IYR

Fig. 5. Total ion current mass chromatogram of extracts by diethyl ether and methylene chioride(acid, base)
after O3 of water after treatment of water added with humic acid by fluidized bed system packed with
BAC
resid Methylene Chloride(acid)
ot Diethylether :::: Methylene Chloride(hase)
g ¥ H , e "“’% -« = 3 i z
foacd 3 £ rec gd‘o:s :Ei?ﬁ g X E 8 T H
H H T o Pl SEcm o= Fop
SRV DD ) £ TLETITS bl Sip 1 g -
» n Tiva ”m».} o * i 4,888 Eg : : 78 : g ) ' '\2:. I3 !3. «® o
2.a03) ) .? ]. I 'I
M L ® %
Fig. 6. Total ion current mass chromatogram of extracts by diethyl ether and methylene chloride(acid, base)
after O3 of water after treatment of water added with humic acid by fluidized bed system packed with
AC
HAE AR AERAE Heso Q&L 323 ol4tstd 4 &
5o e uF §710GR AL WA BHFLFE AStE L A% BE $HF WSS 4B
Aeta getsl F28 QAR HL A4 FHoIAU gag Aerd vF §7129Ede 442 reten-

TK(Table 5).

tion time 50% <¢tol| diethyl ether B®lF&9 B¢
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Fig. 7.

Total ion current mass chromatogram of extracts by diethyl ether and methylene chloride(acid, base)

after O3 of water after treatment of water added with humic acid by fluidized bed system

Table 5. Extractable Trace Organic By-products by O3 of

Water after Treatment of Water Added with Humic

Acid by Fluidized Bed System Packed with BAC & Control(AC, HA), respectively

Pollutants Formula(MW) Extract(Adsorbants) cf
E[}E
Phenot 2,2-methylene bis[6-(1,1-dimethylethyl]-4 ethyl

CsHas0(368.27) A, oxidants
CONTROL
1,2 Benzenedicarboxylic acid, bis(2-methoxyethyl ester

C16H1506(282.109) A(HA),B(HA), oxidants
Hexanedioic acid dioctyl ester

C2H.204,(370.307) A(HA) B(AC)
Phenol 2,2-methylene bis[6-(1,1-dimethylethyl-4 ethyl]

C2sH30:(368.27) A(HA), oxidants
Operation time of BAC & AC samples : 20 days

Contact time of disinfectant : 24 hrs
Concentration of humic acid : 10 mg/L

BAC : biological activated carbon

AC : activated carbon

HA : water added with humic acid
A : Sample of acid fraction extracted with methylene
B : Sample of base fraction extracted with methylene
E : Sample extracted with diethyl ether

871217} %523, methylene chloride &v132 9]
Ao AHRYL 137HA, §1AEHE 2677 A
% 5 ATH Fig. 8).

W22 ST ASE diethyl ether §HFE2
AL 147k217F W2 H YT, methylene chloride &)
2z A4S AAREYL 407HA], G7IAEELE 337t
A7t A&HAKFig 9). T HEEA g
7tA 2%E diethyl ether Svh529] ¢ 487FA7F

g

chloride

chloride
2291, methylene chloride $%&9 7% 4
N Yo 4571R], QIR HL 367 A7F AEHUT
( Fig. 10).

g AhNaSe HERHT Helse ojutst
450 g nF §7edEde YA @st
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Table 6. Extractable Trace Organic By-products by ClO2 of Water after Treatment of Water Added with Humic
Acid by Fluidized Bed System Packed with BAC & Control(AC,HA), respectively

Poliutants Formula(MW) Extract(Adsorbants) cf
BAC
Hexanedioic acid dioctyl ester
CH420,(370.307) B, oxidants
CONTROL
Cyclotetrasiloxane octamethyl
CeH24045i,(296.074) B(HA),
Benzoyl azide E(HA),
Propanetriol C;H:0:(92.047) E(HA),

drugs, carbohydrate, lipids and fatty, pestcides

Benzoic acid C;Hs0,(122.036)

1,2 Benzoisothiazole
Phenol 2,6 bis(1,1-dimethylethy)-4-methyl

C1sH2:0(220.102)
Penol 2,6 bis(1,1-dimethylethyl)

C1:H»0(206.166)
Dodecanoic acid C12H240,(200.18)
Tetradecanoic acid C14H250,(228,208)

E(HA),
drugs, pestcides
B(AC),

B{AC), pesticides

E(HA), oxidants
B(HA),

fatty acid and Lipids
E(HA)

fatty acid and lipids, pestcides

1.2 Benzenedicarboxylic acid bis(2-methoxyethyl) ester

C1iH1504(282.109)
1,2 Benzendicarboxyic acid buthyl 2-methylpropyl ester

CiH204(278.151)
Tridecane 1, Todo CisH271(310.115)
Petatriacontane CysH72(492.561)
Hexanedioic acid dioctyl ester

C22H4:04(370.307)
Tetracosane C21Hs0(338.390)
Docosane-9-octyl CaHe(422.483)
9-Tricosene C2sHi6(322.358)
Pentacosane CasHs2(352.405)
Phenol 2,2-methylene bis[6-(1,1-dimethylethyl)-4 ethyl]

CosH260,(368.27)
Bis{Z-ethylhexyl) phthalate

C2:H:504(390.276)

E(HA),B(HA),B(AC)
carbohydrates, oxidants

A(HA),
E(HAJ,
E(HA),

B(HA), oxidants
E(HA),

E(HA),

B(HA), pesticides
E(HA),

A(HA) B(HA),

oxidants

A(HA) B(HA,AC) E(HA),

pesticides, priority pollutants

Octacosane CusHss(394.452)
2-Oxazolin-5-one 4 Benzylidene-2-p-tolyl

E(HA),

CiH1:NO.(263.094) E(HA), oxidants
Hexacosane, 13-dodecyl B(HA),
Operation time of BAC & AC samples : 20 days A : Sample of acid fraction extracted with methy-
Contact time of disinfectant : 24 hrs lene chloride
Concentration of humic acid : 10 mg/L B : Sample of base fraction extracted with methy-
BAC : biological activated carbon lene chloride
AC . activated carbon E : Sample extracted with diethyl ether

HA . water added with humic acid
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Table 7. Extractable Trace Organic By-products from BAC after Treatment of Water Added with Humic Acid by
Fluidized Bed System Packed with BAC

Pollutants Formula(MW) Extract(Adsorbants) cf
Cyclotrisiloxane hexamethyl CeH1505515(222.055) A,
Benzene,ethyl- CeH10(106.078) CA,
pestcides,priority pollutants,
oxidants
1H-Benzotriazole CsHsN3(119.048) B,
1-Hexanol 2-ethyl CsH150(130.135) A pestcides
Benzoic acid ‘ C7He04(122.036) A drugs,pestcides
Heptane 2,6-dimethyl CyH20(128.156) A,oxidants
1,2 Benzisothiazole C;H5NS(149.029) A,
Benzothiazole,2-methyl CsH;NS(149.029) A oxidants
Phthalic anhydride CsH,04(148.015) A,
carbohydrates,pestcides
1(3H)-isobezofuranone CeHs02(134.36) A,

carbohydrates,oxidants
Benzoic acid 4-(1,1-dimethlethyl)

C11H1402(178099) A,oxidants

Dodecanoic acid Ci2H2:02(200.177) AB,
fatty acid and lipids

Benzophenone CisHyO (182.072) A oxidants
Phenol 2,6 bis(1,1 dimethylethyl)-4-ethyl

C16H260(234197) A,oxidants
1,2 Benzenedicarboxylic acid,bis(2-methoxyethyl)ester

C1sH1s06(282.109) B,oxidants
Phenol 2,6 bis(1,1 di methylethyl)-4-ethyl

C15H260(234197) B,oxidants
Hexadecanoic acid C1sH30,(256.239) A

fatty acid and lipids,pestcides
1,2 Benzenedicarboxylic acid,bis(2-methoxyethyl)ester
C14H1506(282.109) A,
carbohydrates,oxidants
Cyclopentane 1,1-[3-(2-cyclopentylethyl)-1,5 pentenediyl]

C»H.0(304.312) B,oxidants
Phenol 2,2-methylene bis[6-(1,1-dimethylethyl)-4 ethyl]

C25H3502(368270) A,B,CB, oxidants
Bis(2-ethylhexyl)phthalate C2H3304(390.276) AB,CB,

pestcides,priority pollutants,oxidants

Operation time of BAC & AC samples : 40 days
Concentration of humic acid : 10 mg/L
BAC : biological activated carbon
A : Sample of acid fraction extracted with methylene chloride
B : Sample of base fraction extracted with methylene chloride
CA : Control sample of acid fraction extracted with methylene chloride
CB : Control sample of base fraction extracted with methylene chloride
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Methylene Chlorideiacid)

Fig, 11. Total ion current mass chromatogram Fig. 12. Total ion current mass chromatogram
of extracts by methylene chloride(acid,base) from BAC of extracts by methylene chloride(acid,base) from AC
after treatment of water added with humic acid by after treatment of water added with humic acid by
fluidized bed system packed with BAC fluidized bed system packed with AC

Table 8. Extractable Trace Organic By-products from AC after Treatment of Water Added with Humic Acid by
Fluidized Bed System Packed with AC

Pollutants Formula(MW) Extract (Adsorbants) cf
1H-Benzotriazole CsH5N3(119.048) CA,CB,oxidants
Hexanoic acid A,
Phthalic anhydride 85H,05(148.015)
carbohydrates,pestcides
Phenol,[1,1-dimethyl A,
2,6-Piperidinedione A,
Cyclohexanol,1-ethyl-2,2-dimethyl A
Dodecanoic acid C12H240,(200.18) AB,
fatty acid and lipids
Benzoic acid A drugs,pesticides
1,4-Hexadiene,2,3,4,5-tetramethyl A,
1,2Benzenedicarboxylic acid,bis(2-methoxyethyl)ester
Ci6H1s06(282.109) ACB,

carhohydrates,oxidants
Phenol 2,2-methylene bis[6-(1,1-dimethylethyl)-4 ethyl

CasH3:04(368.270) AB,CA,
. oxidants
Bis(2-ethylhexyl)phthalate C24H3304(390.276) ABCB,

pestcides,priority pollutants,oxidants

Operation time of BAC & AC samples : 40 days
Concentration of humic acid : 10 mg/L
AC : activated carbon
A : Sample of acid fraction extracted with methylene chloride
B : Sample of base fraction extracted with methylene chloride
CA : Control sample of acid fraction extracted with methylene chloride
CB : Control sample of base fraction extracted with methylene chloride
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