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Abstract
In some water treatment plants, floating foam scum, which concentrates micropollutants such as di-2-ethylhexyl

phthalate (DEHP), is a serious problem. We assumed the mechanism of foam scum generation to be as follows: DEHP in
water adsorbs onto the gas-liquid interface of bubbles and accumulates on the water surface by floating bubbles, and then
is concentrated in foam generated by surface-active matter in raw river water. To apply this mechanism, in this study, the
removal of DEPH from river water by generating foam using dispersed bubbles was investigated. When river water passed
through a foam generator installed in a strong aerator, foam was continuously generated on the water surface and separated
as collapsed-foam water. This collapsed-foam water was yellow-brown, and contained high amounts of suspended solids
and colloids. However, the amount of collapsed-foam water generated was very small, less than 1% of the total flow
volume. In comparison with suspended solids and dissolved organic matters, DEHP was highly concentrated in the
collapsed-foam water. The removal efficiencies of DEHP ranged from 7% to 63% using the foam generator. The use of a
simple process involving only intensive aeration and foam collection resulted in a high removal efficiency for hydrophobic
micropollutants, such as DEHP, which accumulated in the gas-liquid interface from raw tap water.

Key words: foam scum, DEHP, gas-liquid interface, dispersed bubbles, foam generator

(pJJII~~mf.t~"O)7k~m';:;101t\-C, 7kooJ~-';:~~*,1-=f~

t1J~~W~mUmLt;:.~m~O)r§?,*A7J A;6Q.!¥-i1!f L ""(1t\Q
m~~ § ,;:-tQ:' ~ ;6~ttJ Qo .:. O)r~?,*A7J Ao)%.fiX~~~

WO)-~ ~ L ""(x~!l:a7Jjj{O)Woot3tE~W;6~¥,j G:nQ 1)0
!f..ITfiftft~W,;: J: -:> ""( 7k 001: ,;: r§?'*~%.fiX-t Qm~ 1:1~
< ;6\G~G:n""(It\I5;6~, ,:,O)r§?'*O)%.fiXi&Jf.~H;:;1OIt\""(, ~

7kft~W~,*7k,t1!f.. 00 0)*-ll-=f;6~~r§ ~ ~ t ';:7k 00 1:';:~
fjfL, r§?'*';:i!Um~:nQ~t'H;:~It\""(':1,~t=-'1~lvc'M

~ ~:n""(1t \ f.t It \0 i$-7k:1jH;:;101t \""( t, fg7k#f.t ~"0)7I'i1JtI~

0)1: 1.: ""( It \ Q7k 001: ';:r§?'* A 7J A;6~ L'i Lli.~ ~:n, :1&
JlI: ,;: f.t -:>""( .:. 0) A 7J A ';:~:fii1J~~W;6qJUm ~:n""( It \ Q
.:. ~ ;6~¥a,* ~:n -Cit \ Q2)0 ~:Il:i1J~~WO)~ < ':1~7kft~

WO)wPl';:~~ ~:n, JEjf ~ft~rAJ~~~j5LfFffl~51 ~!I:a

.:.-t~1i15t1~1f-tQ~Wtjrf.t<f.t<, ViIJII· ~m~O)7k
~7k7Jjj{0)7kW*3~=,;:;101t \""(, ~:S:i1J~~W';::MT Q~WJf.t

:M~tt*O)rmJE;6~£\~-ettJ Qo 7k~m';:;1O't Qr§?,*A 7J A
O)~1:~~~Wf.t GUq;:r§?'*%.fiX';:f~? ~:S:t1J~~WO)

iIJ~~M~-tQ':' ~ ;6~-e~ :n''£, ~:Il:i1J~~WO)r§?,*A 1J

A~O)ml~m~~flJffl L t;:.7kWi$-{~~~O)~rm;6~:M~-c'

~Qo

* '8~*~I~$±*~~I~f4 T889-2192 '8~m~1I*~iJ'Wl-1

** (M)'8~!)iH.'4t:!Jtf4~W,~ T880-0911 '8~m**an56258-20

*** (M)T.!Ji\~~JBiji~~It-e/?'- :;=260-0024 T.mtplJ;!;[Ktp:~kj:~1-12-1l

t OOlz:{~d@I~J~l;:f4~~*i!iI~$ :;=351-0197 flJJ'tmi¥i2-3-6

Vo1.29 No.l(2006) -29



30 ~ )c-Original Paper

7 ~ ;v~.y-2-::r:.'T;v-,,;\'-:/;v (DEHP) I'J:, Ji:ft l::"':=';v

m-n~O)PJm3~IJ.!:: L--C, ~1:E t :k:S:I;:rIlfJt ~n --Cit'Qft$~
.~~Q • .!::~~~, ~., OOHPO)~~~~&~m.O)

1f,§ttil~mmi ~n, ~;lt:m 7id~:to1t '--C t J.t <DEHPiI~~t±J

~n --C1t'Q3). 4). ¥1iX11.lt~~~1tffi!i*~I'J:, -A\t7id~

1;::toltQDEHPi,lltlJ:, ~t±Jr~JHlYr (O.3tLg· rl
) 1,»~

6.6tL g' r l .!:: ¥IH1r~n --C1t'Q3)0 i$*:!.~H;::toIt'--C t, DEHP
~~~~Qm~~~A~.~lt~~t±J~nQ~.!::~~~

1,»!;:~n"'Y::)~Q2)0 ~~*-"O)!l'1tm~.~ ~!;:1'J:1:: 1--"
O)~•••~~.~nQo ~1:E, OOHP~, *~*W.~

§~fl (O.lmg· r l
) , *~*O)*.~mtft§fl (O.06mg

. r l
) , t~~LJ';:*1~}1jrlll;:1*Q~~mtft§fl (O.06mg·

r l
) 1;:J::QmlfjtJ.!::~mil~rrbn--CIt'Q. L1,»Lt~iI~~DEHP

0)~~~~,.ltO)~fitt*.!::~Y~~*-:/3YO)~.

~~Q~~!l'1t.~~~~~~,~1t'~~O):k~~~,§.!::

t~ '? --C It' Qo L t:-.iI~ '? --C, DEHPI'J:, ~ f3l;::to1t '--C Mlm
tJJ~, 1:: I-~.' ~~*!J ~ 71;:MT QtJ1f¥a t~at;--c ~jd~

<, .t.mT~~ ••~~~.O)-~~~Q~ .*~
I'J:, DEHPO)mi*~~A-"O)iJUiil~~I;:~It'--C, *tFl;:51
~ i6 *nt:-'3{\}~0)~~~jjjH;:, ~*'t10)5§1t'DEHPiI~P2k5{K

L --C *00 I;:~IH.L, mJ II *~*iimi:*I;:~* nQ ~oorts-'t1

~.!;: J:: '? --C'ti:~ft~ntd~i*I;:.~~nQ.!:: :J'U~ Lt:-.o
mJII*tFO)DEHPO)~~~~~t1TQJjJl-it';:I'J:, *iimi:*
~~• .!::Lki$*I.~O).~tt*K~mTQ~.!::~~

~~nQ. Lk1,)~,?--C, ~rrO)i$*If£I;:~.'§~.&I!T-:'

.!:: t~ <, -"lt~~ftJJoff.JI;:~A ~~ Qjj~. tt*~~Q ~.!::

iI~~*nQo *iimi:*O)DEHP~iiY7*~j] A.!:: L --Ci$*I
• 00M.~.~TQ~.!::~~~n~ ••0)~~0)~c~
~-"O)••t~ [.t~It'.!::~;t~nQo

-t ~ ~*~~~I'J:, ~151:~iiY0)3l:I.~~ffijl;:J.**tt~jU~

P2kf{f~nQ~.~fIJmL--C, mJII*~Q1~TQ ~.!:: I;:J::,?
--C.*OO~~~IiX~nQiiYi*~~m~~~nQ~~~.O)

~,t1:to J:: LJDEHP.~O)PJ~ttl;:"'::)1t '--C~t1 L t:-. o

2. ~. 1i 51.

2. 1 ~5*~~U~.

iiYi*~~~~ (. ~ S1.5cm, ~ffijflI9cm' 19cm, 1f5?JJ
?&:ffU4l) I;:I'J:, ~~!3P2kJ:t::r:.7v-~- (60kW, ~~~
.::r:.y.y':='7!JY~~) ~R.L--C~Q (~~I)o ~O)

::r:.7v-~-~,~-~-.M~~Y~5-~§~~~Q

.!:: ~~'W$I;:~J±~~ [. --C, ~~~!3 tlJff.JI;:*tF !;:51 ~ i6

~.~~~~m.!::*~~~~~n--C.~~~.~iiY~~~

~ nQ t:-.at;, *.!:: ~~1,)~~ L <mit ~ nQ o Lt;:7~~ '? --C,
lt~~;:"A~nt:-.*I'J:~?!H;:IIi~~nQ. (pfJII*I'J:rh'1,»
GVfEA L, ~.~I;::tolt'--C*ffii~;:~~ Lt:-.iiYi*:toJ:: ViiYi*
7IlfiiY*~'J:, ~lRO) ~$I;:IDtltt:-.iiY7*~~fBf 7 I- 1,» ~ El tJJff.J
K•• ~nQolt~~1Ii3l:l.~nk.O)M~*~~.~-".!::

~~* ~ nQ o Lt:-.1,)~ '? --C. *iiY7*~~~lRlJ:ilk;7CI¥.JI;:Jm*

-t Q~ .!:: il~ ~ ~ Q0
2. 2 fliJJlII;:jf,)lt{,;~;*~~~tl

~~O)mJllmJ¥O)~JjJl-~;::toIt'--C, mJ¥l;:mi*~~~1fl~

R~ L, mJII*~~**Y~~il~ff.JI;:~i*~~~fi~;:ii

* Lk (Fig. 2) 0 ~lI:~iii&l Lt:-.M~*I'J:mJllrjjIU;::Iill:

*L t:-. o iiYi*~~~~O)::r:.7 v- ~ -0)~~.'J:24/·min-I

-C:'~IJ, ~*VfE:S:'J:II/' mjn-I~;:WliJmLt:-.. mJII*~Jm*

T Q ~ .!:: I;: J:: '? --c, *ffij~~~1:.T Qmi*:ta J:: LJiiYi*7llfm
*~~~§1& Lt:-.. IPJ~~;:, Jm*MO)mJII*Tt~bi?mi:*

:toJ::LJM~*t.*Lko *~~~~, ZmO)*~*.~

~QmJIIA o*&mJII) , :toJ::LJr*~*m-omitBlK~*!E13~

QWrtimJllB (I~mJII) O)*.O)~v~Q="'::)O)mJII~~ •
.!:: Lk. mJIIA~;:jolt'--CI'J:Ci$*JjJl-O)J&*I=l~~K--CiiYi*

~~~fi~;:m*Lt:-.o filTJIIB~I'J:, rVfE~~#i!*(J)im~ L
t~H1L~'"("~(t{~~1iffiLt:-.. *m)llI;:~It'--C, 2004.12~

IS13, 200S.IJj 1913 .!:: 2~ 213 O)jft3§I;: bt:-. '? --C IPJ-~:!.i

IU31t',"(~~Lt:-.o ~*VfE:I:.!::iiY~rllf~*~~:S:IJ:, *~

~fij;I;:fij;@JiJ{IJ~ L t:-..

Air inhalation-type aerator

Collapsed
foam water

Foam generation system

River

V 7 / / ~t~j~~~~~1~~~~1~1~~~~11~~[!1~~lif:iii;'[i::~.
••~" ..",;;.,. ' ~ • ~ ~ p.o'••• " •

.,:·::~~jj::mt::j~:~r-:~~~~~-~~:~:~:·:~j:::::::
/.,:'~: ~.: ~~~~ ~:~:i': ~:~:~~ ~~~;~~~:~:~:~:~:~:~:~:~:;~~:~~;:~:~:~:~~~.:~::------

Discharged foam

Baffle board

g' 'f< 1[1[11z? :<ml
8
j~
~

~

~.........;:
Outlet

Dispersed bubbles

Fig. I Schematic diagram (not to scale) of the foam

generation unit.

Fig. 2 Schematic of on-site experimental system for
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Table 1 Operational conditions for DEHP determination by GCIMS

Miyazaki Prefecture Environmental Science Association Research Center ofChiba Pharmaceutical Association

GC Themo Qest TRACE GC 2000 SERIES Simadzu GC, GC-17A

Column SUPELCO PTE-5 (30m x 0.25mm x 0.25Ilm) GL Science Ltd., TC-l (30m x 0.25mm x 0.25Ilm)

Oven
50°C (2min)-15°C'min-I-200°C-lOoC'min-I-280°C 50°C (3min)-20°C' min-I-200°C-5°C' min-I-220°C
(7min) (lmin)-20°C' min-I-280°C (3min)

Carrier gas He 1.5ml . min-1 He 1.98ml·min-1

Injection Splitless (250°C), 2~1 Splitless (250°C), 2/11

MS Thermo Qest GCQ plus Sirnadzu QP-2010

Ionization method Electron impact Electron impact

Ionization energy 70eV 70eV

Ion source temperature 200°C 200°C

Interface temperature 270°C 280°C

Detection mode TIC SIM
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Research Center of Chiba Pharmaceutical Association.

3. 1 5~~5J1f 5~J1<0)~~:I:C11~
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Table 2 Generation rate of collapsed foam water from foam generator

Air flow rate Water flow rate Foam generation rate Foam generation rate
Site Date

(I-air' min-I) (I'min- I
) (ml'min- I

) (%)

15 Dec., 2004 24 10.7 41 0.38

River-A 19 Jan., 2005 24 10.4 51 0.49

2 Feb., 2005 24 10.6 64 0.60

15 Dec., 2004 24 11.3 61 0.54

River-B 19 Jan., 2005 24 10.4 117 1.13

2 Feb., 2005 24 10.6 42 0.40

Table 3 The number of particle in river raw water, treated water and collapsed foam water

Particle number (count· mr l
)

Sample <0.5J.1.m 0.5-1J.1.m 1-3J.1.m 3-7J.1.m
15 Dec. 19 Jan. 2 Feb. 15 Dec. 19 Jan. 2 Feb. 15 Dec. 19 Jan. 2 Feb. 15 Dec. 19 Jan. 2 Feb.

Raw water 9.7 x 10' 7.4 x 10' 9.1x 10' 8.5 x 104 5.2x 104 6.7 x 104 4.6 x 10<f 2.8 x 1Q'f 2.8 x 1<r 5.6 x 103 5.1 X 10J 6.2 X lOJ

River-A Treated water 9.9 x lOS 7.2 x lOS 8.7 x lOS 8.3 X 104 5.0 X 104 6.3 X 104 3.9xl04 2.8xl04 3.3x104 4.3 X 103 3.9 X 103 3.3 X 103

Collapsed foam water 1.6 x 101 8.0x 106 8.5x 106 5.6 x lOS 2.9 x lOS 3.0 x lOS 1.7 x lOS 1.3 x lOS 1.2 x lOS 7.2 X 103 1.8 X 104 4.9 X 103

Cocentrated rate* (-) 16.5 10.8 9.3 6.6 4.6 6.6 3.7 4.6 4.3 1.3 3.5 0.8
Raw water 5.0 x 106 4.4 X 106 3.3 X 106 1.9 x lOS 1.1 x lOS 6.7 X 104 5.9 X 104 3.7 X 104 2.3 X 104 2.4 X 103 5.7 X 103 2.3 X 103

River-B Treated water 5.4 x 106 4.5 X 106 2.8 X 106 2.0 x lOS 1.2 x lOS 5.8 X 104 4.5 X 104 3.1 X 104 1.4 X 104 7.4 X 103 3.0 X 103 3.7 X 103

Collapsed foam water 4.3 x 101 3.0 X 107 4.3 X 101 1.6 X 106 5.7 x lOS 1.4 X 106 1.6 x lOS 2.0 x lOs 2.4 x lOS 6.8 X 104 2.4 x 104 2.1 x lOS
Cocentrated rate (-) 8.6 6.8 13.0 8.4 5.2 20.9 3.4 5.4 10.4 28.3 4.2 91.3

* Cocentrated rate: (number of collapsed foam water) / (number of raw water)
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Table 4 DEHP concentration in river raw water, treated water and collapsed foam water

DEHP concentration (!J.g. r 1
)

Sample River-A River-B

15 Dec.* 19 Jan.* 2 Feb.* 2 Feb.** 15 Dec.* 19 Jan. * 2 Feb.* 2 Feb.**

Raw water 0.20 0.10 0.12 0.27 1.09 1.85 2.56 3.40

Treated water nd nd 0.24 0.31 0.72 1.72 0.95 1.20

Collapsed foam water 5.01 4.54 7.00 7.80 14.63 19.03 25.17 28.00

*Miyazaki Prefecture Environmental Science Association

**Research Center ofChiba Pharmaceutical Association
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