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Removal of Phthalate Esters in Advanced Water Treatment Unit Processes
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ABSTRACT : Phthalate esters is recently considered as an environmental pollutant. This study investigated removal methods of phthalate
esters in water environment. On tap water treatment condition with batch test, removal efficiency of coagulation precipitation, ozone oxi-
dation were 26.6~33.8% and 10~ 15%, respectively. Phthalate esters was effectively removed by the activated carbon adsorption process
on tap water treatment condition. The operation of raw water with EBCT of 10 minutes on continuous process satisfied the standard of
drinking water by the WHO and US EPA when the concentration of phthalate esters was 100 pg/L. On pilot plant test, coagulation pre-
cipitation process got 32~44% of removal efficiency, sand filtration process 6~10% and ozone oxidation process 8~ 10%, respectively.
DEP, DBP, BBP and DEHP were not detected after the raw water was processed with activated carbon. The actual survey of phthalate
esters removal by advanced water treatment showed that 29~76%, 3~29% and 17~22% of phthalate esters were removed on coagu-
lation precipitation process, sand filtration and ozone oxidation process, respectively. DEP, DBP, BBP and DEHP were not detected after
the raw water was processed with activated carbon.
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Table 1. Physico-chemical properties of phthalate esters

DEP DBP BBP DEHP
Molecul
oeear Ci2H1404 CisHa04 CisHz004 Caal3404
formula
- 1 mg/mL 1 mg/mL I mg/mL 1 mg/mL
Solubilit
S sy (20C) 225C) 22°C)
Vapor {1.65x10° mmHg|7.3%10° mmHg|8.6x10°° mmHg| 9.75%10° mmHg
pressure (25C) (20°C) (25°C) (257C)
Partition 247 49 477 7.60
coefficient (octanol/water) | (octanol/water) | (octanol/water) (octanol/water)
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E#E4d<Ql Diethylphthalate(DEP), Di-n-butylphthalate
(DBP), Butylbenzyl phthalate(BBP) % Bis(2-ethylhexyl)
phthalate(DEHP)E= Supelco(USA)ALO A} T3t FZA|FS
AHgEt T fo1gulE 1,0008) 2 2AY ARESG 2
Agoz AT o golAH o] EE Cica-Merck(Japan)A} A
22 AHESEE YESEEWEE Merck(German)Al AES
Argatg . A= HPLCE 2.2 Merck(German)Al A&
& AMEEETh BE ZARE 200CA 71 oheol
AL25t9 . SPE columng J.T.Baker(USA)ALS] BAKE-
RBONDTM spe Octadecyl(Cis) 7020-06S A28,
AlRe HAE ZA = SupelcoAle] Visiprep Solid Phase
Extraction Vacuum Manifold 5-7030& Al£3}%c) 2%
242 Zymark(USA)AFS] Turbovap LV EVAPORATOR
2 Agagm BAAH= Agilent(USA)AFS] 5973N(GC/
MSD) ZHE AHgstilt
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ol we utdoz JAFEY, AFFEE 9 13TA
2oz UE F Utk oW A7 AT AAD Uy
o w29 EPA method 5252 W'Y 343Z%(Solid-
phase-extraction, SPE)E o&3 Zo] Wi AdE& +
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tdgzzdg 10 mL, W&e 5 mLY) FAS 5 mLE &
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23. 717188 =A

GCMSD] AHgE BA® ZAE Zol7h 30 m, WAel
0.25 mm, 22577} 025 umQl HP-5MS(Hewlette Packard,
USA)E AFSSIT o84 EE7AY #&2 1.0 mL/
min(%ﬂ-éj—é,‘—E 37 em/sec)o] R, FYEA L pulsed splitless
mode(30 psi. 1.58%F HAANE ol &3Pt HHAY 2=+
60 CANA 15828 SAXAZIHEA 280C7A] 15C/mind &
2 FI 280ColA 1587 MEA A FAT+ 250T,
AAZR Y =& 270CTE 3T

AFEAAE/|(MSD)S] ol&3} B AAEAYE A
%‘}%"‘ﬂ o] &3} U&= 70 eV, o] =& 230T,
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1087 g, ARG T 454G Astd EHAER AR
e
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» 8%, 108°] A 2F39 NEE d&9or EFA
AAE AEE AT A8 ZFH5o) phthalate esters
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AR F ARE AR 2ASA.

2.5. Pilot-plant &&0ll 2ist MHEE

deAE $48 HIagg Lotry] 98 =271 10
NTU, SSEE7} 127 mgLel Y57 dAAEe] Aogds
£ AH3| phthalate esters EENE 100 pg/lLrt =HA
spikingste] FFHAA, Adn, o&ia, g4v8d 23
U2 Jartester AEQ) AHAES wigoz 7+ FAE AALE
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ZA &% A (Detection  Limits, DLs) 2 A Z3HA(Method
Detection Limits, MDLs)E 717] BA oA dutzez A}
&dts EEHIKS)E o] &3 WPz FIPon 3xSE
DLsZ 10xS& MDLsZ A3t} Table 20] VE}So0]
DEHP7} t}2 &8 HEt} MDLso] ¥4 Uelgd. o=
DEHP ¥=o] T2 8o n)s] Al2ko|} F7] FoA n)
FY B EAS] g AFHFANA 2Fo] HYk
I BPHH EPANAE o= FEY EEE FAGZE
THgsta Tk EPA W 2 A7 ARE ung A
3 MDLso] 4~6d] F= @A Jeych

A=A G ZF A A Phthalate Esterse] A A 463

Table 2. DLs and MDLs data with GC/MSD

Compound Added Conc.| § DLs MDLs(pg/L)
(mg/L) (n=5) | (ug/ll) | This study | EPA
DEP 0.03 0.003 0.01 0.03 0.17
DBP 0.03 0.007 0.02 0.07 -
BBP 0.03 0.004 0.01 0.04 025
DEHP 0.03 0.011 0.03 0.11 -
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Removal efficiency(%)

Raw 5 10 15 20 30
water

PAC dose (ng/L)

E+DW —~ 1 —DBP ---A -- BBP —-® - — DEHP

Fig. 1. Removal efficiency of phthalate esters according to
PAC dose.

o
PAC %?J Fol F7HETE AAEC] FoHH oY 20 mg/L
&) #35Ach PAC FYFHo] 20 mg/L
9 w DEP, DBP, BBP, DEHPS] A|A&L Z}Z% 28.4%,
31.2%, 26.0% 33.8%F.2H, AAge) ¢5s E4L DEHP,
DBP 20|31 DEP$} BBP: H|$§ $:30]9t}. Phthalate
esters®] A FU1E €A FRAHE 54 Ao FF
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%
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phthalate esters & ¥ujAl$ Kocztd 4@l & A
t}. DEP, DBP, BBP, DEHP9 Koczta'” 94~526, 160~
6400, 68~350, 19,0002.2 SARA 9% AA%H Koc
%3 vl 2e Kocgto]l 713 & 222 DEHPZ 19,000
©]i1 DBP, DEP, BBP 22 SHAAJ 235 7 EQe
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Fig. 2. Removal of phthalate esters on coagulation and sedi-
mentation according to turbidity.
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44 9% phthalate esters®] AAgo] $F BHEA}
od FAV A LotRrl HE g=rb 28 NTUY
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SRR A 459 "gEd wg AAEE g
o 45d Aeda9 20019 ALEY 249 43
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A Atk wEA AQZ A W EEHe HeFd FRrEAA
£ phthalate esterse 334 2FAFoz RLEAL A
ALz A7t Jbedittl godt g2 £€4E §
AZAEZH A Jdepte ol 2¥ZAFE phthalate
esters®] PR A AAL 5 FHEZ dF §
&3 BREZ9 g g8 AAEGE A vl

Z EdY ¥k d3d nE $JAPaHne FISA
zZol7t v=dl DEHPSY] AAFEC] 71¢ $& ALz
E5t3l DBP BBP, DEP o|flth ol8|@ &A= Kocitdh
Z A= AeE JepgTh

33. 2EME

A4F AF4+E A4 phthalate esters FF2A L 50 pg/
L7} = A spikingslil 1 L demand flasko] A|EE 715 A
A eEEE L 2, 3, 4 mglll} HA FUF F SR F
£35] ¥-&AA phthalate esters MASHE ZAG FAoe
Fig. 3¢ Jepl 3ok

2 &=Xsto} 9§ phthalate esterss] A|ALL o&2

£ EUFE AARE FUEtEoU eF&:se
phthalate esters®] AMAETHE= 24 3IX Y9l o=
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Fig. 3. Removal efficiency of phthalate esters on ozone
oxidation.
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34. EEH B3}

34.1. B|2A] ME 25t Bits HE

E34%e 2350 As ol&HE F2FF2 Fre-
undlich4), Langmuird] & dutF ez 713 Bo] ol &HE=
Freundlich 5-2&# 4 & o] &3td Bk

Freundlich S&&& 2o 2]} phthalate esters 849 &
O FFBILHY FAA4 9 FF4E FHFEIMHAY
BAE dsste Fig. 49 Zo] YAt

44

Ky =15,642 4%

®r” ? Ky 1,176

Log X/M (18/g)

Kyp=9,600
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Fig. 4. Plot of Freundlich isotherms of phthalate esters.

Table 3. Values of K and 1/n of Freundlich isotherms of
phthalate esters

DEP DBP BBP DEHP
1/ 0.92 0.77 0.67 0.87
K 15,642 9,594 9,600 7,176

Z BAZ 1ngk Kgto] & Aot gl ReE e
Pre=

Freundlich S&&F4 o)A EHWH Kol 45 %7 A
AFo] By] Yo AAFEEe £vh vF EPA AR
& GACEFZZ Aol Kgko] 200 o] Fd B BA
Aol 9= Aoz BuE: gict'? Phihalate esters®] Kzt
o] 7,000~15,000 A= Jeh} GACH & w)-¢ 5735
o2 AALTE gds, o5 EPAA Bud FrAd
13 F WEHAZNED AAZFGE F A3 AL
2 yehgth? Freundlich §2291 9% 92 {71838
Z9 KFHE H&F ¥ Bolm Ut
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Phthalate estersol]l 98] S¥98 TEE9 A5d7 A5
HAMAHAZ §9E F S9EFRFEY &Axd =
A= Fxo FEAA A7} 7FedAE Loter] &) 4
Z phthalate esters®] E5¥ ZAAFAZ ] ©E AA 2
g syt APRAL Z7F49) phthalate esters®] EFH O
2 50(C50) pglL, 75(C75) pg/L, 100(C100) pg/L7t SA spiking
3lo ARE ZASET AT AR A 2I|sEE &
A% T 49 2 4 A5dHE EBCTE 5% 8%, 10&
o2 2Fs Agagen, 2 ZIHE= Fig 591 Jepl Atk
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Fig. 5. Removal of phthalate esters according to EBCT in
the continuous flow granular activated carbon process.

ZAG Alg8] FTE DEPZF 27 524, 772, 1067 pg/
Lo]R31, DBP7} 48.9, 73.6, 96.8 ug/lolgl.on], BBP= 458,
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B9 94~100%Y) AALS BAoW, WHO 9 EPA 7|2
dx WSt Fog yehtou o DEHP ®%7}
1084 ng/L 739 64 pgl7l $250] WHO 7|&ee BEs
RO} BPA 71ERTR= 04 pg/l. 298 Aoz v

AEZFAD T AR BE8) FAH2(GAC)ZA )
Ae 15~25R02 Z7MA £A8E Ao aeFogn
LHAAL THF EPACIME §712AAS 93 GACY
EBCTE 102 ol¥eg sl w¥sx 9len, METRO-
POLITAN WATER DISTRICT| X% 7.5%2 EBCTZ:
FIEAAN aHH A Zoln GACY BE FA Eoz
BAHCRE AFF0R] Ry Rustgt'® 84 3
E?é%‘—iiwlﬁcﬂw AL Q= 4G TITHL g4
99 SEARS BAE 5o BAE g JEBNG
.QE AHL Yk LAZAVL EBCT 15~2520%7
StES AR Yoy YRR AN E 108

ZA5t e dFoltt. @@z go] EBCTE

YEE 348 ¢ 299 323 v 24

W, LEJFANA 50% FE7F AARGT B
%9 phthalate estersE %7} 200 pg/l. A% £

or B = fo o B¢
—{>rzir4mkuriri

. &
as %)

A=A FATY R FF A Phthalate Esterse] #)A 465

Hete A=Ae & 3¢ EPA 7194 758 Aom
A=,

3.5. Pilot plant HE0H 2i8r MHES HH

% DEP EDBP (OBBP [1DEHP
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Raw water Coag./Sed. Sandfilter Qzone GAC
Process

Fig. 6. Residual concentrations of phthalate esters on batch
fest.
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2 Btk ol 95FY gxg SS9 XAl 9w

Aom B 5 Ak BUY AALS ME® BRI
DEHPS AA&ZE /M w4tk AldH FFelA 6~10%,
2ENS A 8~10% AMAZES B 2 A
FAFG W Ago)Zov, phthalate esters®] FFRET
& DEP, DBP, BBP, DEHP7} Z}zh 56.0, 48.6, 47.0, 522
L2 459 50% B FEojU BAY FXEFL A
A FAe 14 E8 ZF A2HA @9 45530
phthalate esters7} 100 pg/l. A% I@FEDHE LEASH]
23NN FE8] MEUt s Aes wogth

rof' fol

36. &N HMeIBHMM MH

HE3E phthalate esters 2 A7}, P5oae 2y
DEHP7F 9.23 ng/d, DBP, DEP 92 77 497 pgl,
0.26 pg/Lo) AEHJoH, BBPE AR It £33
3 % DEHPE 51% AAE 448 pg/ll, DBP: 76%7) A)
A€ 118 pgl, DEPE 29% AAR 020 pg/LGth DBP
7t SHAAZHEAA AAE] ¥ 9UL DBPY F$
ot Bestqd 4A =7 dES Ag2Ael g
A AAE Reg $9dn” mi#@os Fo] DEHPE 29
% AAY 320 pg/l, DBPE 3% AR 1.14 gL, DEP
< AEHA gtk

LIDEP EDBP EBBP /: DEHP

Concentration ¢g/1)
@ N BRSNS D D

Raw water  Coag/Sed  Sandfilter Ozone BAC
Process

Fig. 7. Residual concentrations of phthalate esters in advan-
ced water treatment plant.
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9=x2) % DEHP: 22% AAF 2.50 pglL, DBPE 17
% AAL 095 pglolAth. B& 38& AX Folz 4
7tA B4 BT ZEHA g}tk ol2@ ZFH= Servais
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1) AeAgzgded PAC FUF =& FHFAES
PAC —’f—?}""*ol 20 mg/LY @ DEP, DBP, BBP, DEHP

AAEL 44 296, 35.0, 304, 39.9%°]Hth Y59
gx7t %S—’F% SAAAA 9T AAGol ds AL=
RS

2) L&A &3 phthalate esters®] AARE
de=7t BEFE g en, LEFYEET 4 mg/ll
d W AARES DEHP7E M £2 15% =L v
AE 10% A=Y FEIUH

3) GACH| 9% FFaHE GAC FYFol 2 mg/Ld o
AAZELEL DEPS DBP/F 64%9|¥ 3 BBPE 61%01'9?’2.
W, DEHPE 58%Z 713 %2 AAEE Bt
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o2 24 A9 WHO ¥ US EPA Hx= 7129 24
o] 7ted ALE ey

5) F74 Aoz IEFFAYESES AP 2H §
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2FFL AR Fole 4714 E2 5 FEEHA gyt

6) AA LEATFFAElZF A8 phthalate esters 21]741\]
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