27

BhEES 9941
YK PN HBELE D/ —_— L — g ViER AW RO EE L
TR Y TR T LD

BhERAFZEE B EEAT (RRERKRZE T T3LFER)
HERBFRE R BRTF (RBRE T TREEFM)

1. BALEDORICEELOBD. AN ETEHELE DERZED BREBRKNNOWSH
HME @EERVEY) CEDBISBIENTNS ZENRASHERs TEE, KRR
YK R\ TR O BEIERE DN B & T B A ELIME 2 BUK & T2 A W
FENX=R=L—va VR ICK D BELRE L. BHEORER EVEEFRICESY
VUFT BEEERRT AL, X5IHEKREN S OBERIVE > DEKE - Bk 2 HKH
BBEERET ., |
2. SEBELEN—R—NL—a  &EB (EEELS5.2 on’, #RABELIL) 24
W, BBEENZ 7mmH g UTIfELDDRY YAF) > OFy > (PDMS) & (EE
2 1 m. MTR# Ingo Pinnau 1 +#24t) 2ANWTBBERET- /2. WHOWHIAME T
HBn-TF)NARE (n-BB. WRERHE) . 1,2—Y70%-3-7/0O oo (DBCP.
fE) RN, N—_R—NL—ia ek D ENFTERE - HBETE 30 ERFLE.
M IEE B Z2BHIK. HBWIE3. 5wt %O NaClKERICHEMR S BB RERD W
BEMES AR (1—30ppm) &L~
3. 10ppm®@n-TFIARUE¥ (n-BB) KBEKEZZRBIZTRIYDAF)IoFy
(PDMS) EZAWTN—R—NL— a3 > 2fT7o=F. BBREFOn-TFIXREV B
3., 1000 ppm A LEQEEERLE., BHEETO n-TFIN A E U BER. RER
RIS & & B Il LT oz, AEBRRETICBY 2 BIE 5 BEZICIE. fH8KRO n
~TFNARE T ORESG OEI AT A 0 %IEERD L TW, ZHUE n-TFI
R NE, BUKIETH 5 PDMS Ik & D S EEMICERT 2720, SREHO n-7F
IR NRD LD ThHEELE L., 10 ppm D n—f%)mr/t*‘/%ﬂamtﬂ%
DHBEEE () 1E250—300&, BOAREGEEROENES N,
N—=R—=NL—3 g VXD PDMS EZ2ZBL TERKLEN n-TF N EEE
BFE (J) KOWTREI LIz, ZOER, n-TFIN AP ORIEIEE 1 — 3 0 ppm
DEHFETIZ, KOBBHEIZBECKE Laho . ZHIE. n-TF IR E > OHEE
JE1— 3 0 ppm QEENTIE. n-7 FIALEick s PDMS EOREIEE £ 57,
BT P ORIAE, KTH B0, KORKERE n-TF IR L ORIGKIBE1 - 3
0 ppm DEFERNTIE, —ETHBIEHEERLE, 5 n-TFINAL LY OB BHRER.
n-TFINIREVEECKELTBD., n-T FIREVEBENEWEZE n-TFIARE
COBBREBI EREL TV, UL, n-TFINRE L OEMRRBEN EFT35I2DN,
AV — DRI E D n-TFIUAR Y ORGEN—KDBERTLRET 2720 8L,
Tibb. N—R—L—3 a3 VEIC & SRS WEEY BN N KO SR D58 11,
BEROVEOERZETH S 2 ENHLMERS T,
1. BARFER. FiR1 1466 A1 9 BFT. 2. EOHEM,. &Y 11-144210

_5 4_






27

BEEE 9941
WK PN INEELIE DX —_R— R — g UHER W TCIREESREL
=R YT RT ADRRE

BhRAFZEE  AED AT (RRKT TFE T3LFF)
EFEBFEE R BERT (REBRRE THFH TELFH)

1. HEEB

BN QBB B DM, A ZEAN I A REMAE DTS O BTS2 WH L
WE BERIEY) KEDBERISNTVNETENASNERS TEle, KHHPILE
W HEAKER I AR O T N B & T W AR BEL B R BUKEE S TIE %
FWEX—R—XL— 3 VR K D IESBEL . BHBOBRERE BE2FRICES
VT HHEERBERET S &, S5 ITHARPNSDRERIVE > ORENE - BREZITE
BiET 5.,

WAMEELME BRIV EY) PROAELEDNTVAY A+ URBIL p t
LRV THIE ST RS2 . BREOZDHZA—EEMT (GC—MS) & TH
AT 2 EWBEDE CARTETH S, BFETIR. ALEREE LTI /00X
5 % BN RS RN SN TV S, LALEBNS, BENERTH SRS
BV E VB O BN SN T\ e, AMEEETIE. BUKMERS FIEZE A
Fe)S—R—XL—3 3 VI KD, BUKMET B B5BERIVE S 2 HKREH L DIEHEL .
EH#H 2 —BROWE THOWT 5L AT LR BRIET 2 2 LA TS DA 2E T
BEEZLND, T 5ICHAPICEENTWSP CB, ¥4 A% VERER)EY 2K
EU. AMOBECERT S &0 AFEOEETH D,

2. WEF®
SEBELS—R—NL—a ViEE (EEE 5.2 cm’, faIARKL L) 2R,
BRAENZ TmmHg U TFIREBELODRY DAFIN Y OFYUIE (EE2 1 m,
MTR #: Ingo Pinnau 5240 2R CBBERET -k CGERERL. K138 .
EFINVADMEENE BERIVEY) THEn-TFIRE 2 (0-BB, KEHE) .
1,2—y7o08-3-7oo7o/)X> (DBCP, EX) MNITAFL T/ Y —2BBYME &
ULTHW, N—R=NL—a  Eick D ENETBRG - HBETE 202t Lz, Bl
WEEBHIK, H5VWIE3.5w t %D NaCl KBRS BBl ENOWEENE R
B (1—3 0 ppm) ELJz, YAFINIOFHVIELEBL TEEBBRI L RE
EREZAVEI-IR RSy FICTHET S ZEIC X D BERE S, BABBRLY 7=
DOBEBKOEREREL TEAKE Flux. J) 2RX1 XKD,

-3C9-



] (g/mhr) = Q/ (A-At) | (1)
ZZT. A tIEBRR. QA t RFEPICHERINZEBARERZ, AL, N—_—NXN
L—Ya VEBPOBERE FERTIEL15.2 can’) THS.

FBEE. OB ONOMEILYERE ORNELEAZ IO TS5 74— (B
BUYEFTEL, GC-14B, #HE: FID, # 5 A Thermon 3000) i<k D#lEL T, PDMS I
KOS BERE (o) 22 XDAEIEL T

@ = (C permeate( 2)7 C pormeate/(C 1ea(2)/C reea( 1) (2)
ZTT Cpelih C omeael 1)1 B, FBETOBEMERETHD. 11K,
2WIRDWHIYER KT, AFETIE. NHOWHILDEIZ, KL THBETH D2
Dy C el 1)=C peaeD)=1 EIEBITESZD,. (2) K. (3) KN
ZEMBIRETH B,

¢ = C e 2)/C ea(2) | (3)

N—=R=NV—¥ a3 VEBIIBIT2MEKIRE. EIGERE, ZRAREZIYa—
& —HlT 5 2 LTk DABEGREROM EBRFRT o, AR TR, EonTFEL
CZREKEZAT AN HWEEME GEERIIVEY) D= RX—=NL—a EkD 2
BECEZDD, THICEDRBELETEIETE0ONERFL .

=.=>/Greaseless Cock

N 2

Pervaporation Cell Vacuum Gauge

Stirrer

Fig. 1 Schematic Illustration of Pervaporation Apparatus.

-310-



3. HERANIcER
3-1. BRAMEEZAWEN—XR—)NVL—3

N—=R=NXb—=ary (PV) BOFRENZR 2I1ZRT, N—X—NL—Ia I
WHESH GEBREZS) NELTFHRICIVETONTSEY. REORIELREHELT
A EEBH TR BB IE2HETHD. BEOENEETIE, HFS2VERICLD
WEESBEL TV S0, SED &S K E FAOMEEYE @HERVEDY) RTIR. W
SNBEEMBEDH K LD HFENKEN=OAMNBRECEZBBLTLES, 5T,
BHEOENREE CHRER)VES 2BENEET 5 Z EIIAETH 5. —HBKEDE S
FRERRWE/N—R— XL — 3 VTR RAMEELETEUR O =D &S TRk
KD BT ERIROCA BT 570, AW ELNEIEROIER BBT 5, €5 T, B
KEDBSFIEEZ AN TEN—R=)X\L—a JHEEAVS Z LK D, ROWTEEMEZ
BREOBET 5 CENFHETH D, (RHFEENNMLHEME RERIVEY) B M
CNR—R—=NL—2a VEEERT 2 &2 TRE Y LE) .

IK— AR (B TR ALY BOE A SETHY) ON—R—\L— 3
SERICBWT. AEBEIVK KX DEENICHRT 3 E A ESEREE LT, INET.
RUDAF)I o OFH VE, KU M) AFIN U TOE . 82ERY ESVT ATV
HENBE TN TER, FHFETE. RAEND DR DAF)I I OFT VEERNWT,
R=ARNRV—¥ 3 VI X DA MEEWE O EE - BREMEEZRHL 72,

Feed solution Hidrt?thbic
\ T Vapor (permeate side)
o]
©
T(permeate)
o ® o @
Vacuum pump
° ——
@
T(membrane)
Liquid

0 Water molecules nitrogen

Cold Trap
@ Endocrine disruptors (hydrophobic molecules)
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Fig. 3 Time Course of Concentration of Feed Solution in PV Cell at
Imitial Concentration of Feed=10 ppm (a) and 1 ppm (b) n-BB and 10
ppm DBCP (a) Aqueous Solution and 25 C (Blank Test).
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Fig. 4 Time Course of Concentraion of Feed Solution (Cf) and Permeate Solution
(Cp) by Pervaporation of 10 ppm Aqueous n-Butylbenzene Solution at 25 C.
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Fig. 7 Time Course of Concentration of Feed Solution and Separation
Factor by Pervaporation through PDMS membrane at 25 C.
Feed is 10 ppm Aqueous DBCP solution. .
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Fig. 8 Time Course of Concentration of Feed Solution (Cf) and Permeate
Solution (Cp) in Pervaporation through PDMS Membrane at 100 and 150 C.
Feed is 10 ppm Aqueous DBCP Solution.
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Development for Monitorning and Concentrated Separation of
Endocrine Disruptors in Sea Water by Pervaporation Method

Akon Higuchi and Mariko Hara

Department of Industrial Chemistry,
Faculty of Engineering, Seikei University

Endocrine disrupting chemicals are realized as one of the most major
environmental problems. Signals from fish and wildlife populations and evidence
from experimental toxicology have led to a fact that some chemicals are affecting
reproduction and development of animals including human beings. In this study,
we examined concentration and removal of endocrine disruptors from aqueous
solution and aqueous salt solution by pervaporation method through hydrophobic
polydimethylsiloxane membranes. Pervaporation is a membrane process used to
separate liquid mixtures originally. The pervaporation process was being
developed to separate water from alcohol, especially in an azeotropic mixture, to
separate dissolved volatile organic compounds from water and to separate
between or ganic solvents. The goal of this study is to examine the concentration
and separation of endocrine disruptors having relatively low vapor pressure and
higher molecular weight than conventional organic solvents from aqueous
solution. The concentrated endocrine disruptors will be effective for the analysis
and monitoring system of the endocrine disruptors by Gas/mass chromatography,
because the direct analysis of trace endocrine disruptors in sea water is impossible
from the conventional Gas/mass chromatography due to their trace concentration.

N-buthylbenzene (n-BB, M.W. 134) and 1,2-dibromo-3-chloropropane (DBCP,
M.W. 236) preferentially permeated through polydimethylsiloxane membranes in
pervaporation compared to water. N-BB was effectively removed from 10 ppm
aqueous solution of n-BB in pervaporation measurements at 25 °C. The
separation factor was calculated to' be approximately 300. DBCP was also
concentrated in the permeate in the pervaporation measurements on the condition
that the interface between the membrane and cold trap was heated at more than
100 °C. This is because the permeated chemicals through the membranes can be
effectively removed from the air phase near the membrane in the permeate side at
high temperature. This contributes to the enhancement of the driving force of
their diffusion through the membrane.
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