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EMRA— MY Y P RAVIEMEME- TR IAT N T 5T 1~/
HEMIEIC & 5K RORAMERIEANOER

e E-C, Ak AR, LE iR

KAEFOH 7 ug/L VXV OFKERRILEN 4 WBEFT A2 u< 757 4 — /BRANE (GC/MS)
WEYERT H720, WHHERI—M) v V2 HCLEMBHBEEZRE L. oy — M2 R L 72388
K500 mL %, BEINEHKELAd— MYy VRO C18 B 1 8L EEEEE 2 @A L. EEREDY S
L% 5 ORGSR, TERICHAKREOA - M) vy VEEZL, Yrunisy ysml TEIE L. BHEE
rEbE, TSP REREZREMT TREZIT, NHEEYEE LT p-TaET7 VUV E %
RMLTCImLESEL, GC/MSIZX Dl L7z, REICE 2B TRIX0.013~0.017 ug/L, €2 TR
1% 0.034~0.045 ug/L TH o7z, KEZHCTHJIKEBZ 0 LR, t€r7ooe FY YR b
FULY = NVIIRBENE o720, 1,4TVFF Y VR NN-VAFVEVLT I FHPREB sz,

1 %4 El

BAE, BNTH TR LEWE I RRA 2 AETHER S
NTHH, HEEBIIRTRZ2bDL . L L, k&
WEOERE, HHRARVEEO AR LEWT, AXIGERR
WCERELRIZTT I EPBREINTWS, BEFOLEY
BOGERRZIBT HZ LI1CL ), AIZERRIIHT
LIEFEMEORBRORBL VHFIHEHTESL., FEH
i, ASUEAKRAEEYIOH L TRHENRES NS KO
TLEWRICOWT, S FEZRET L L5, HiRE
W OASERAIBIZ B 5 FEAAERRFEL EfML T30,

L1643 A, AORBEOREICHTLERHEEA L
LT, z¥7unk FY & 14VFFF U8 Msh,
FNEN0.4ug/L, 50 ug/L OEHELHE SN, £
72, 2L MFTLTH )= VRO NN-YVAFIAVALT
Pk, ¥ 16 FEO/LFZ W E I B85 BB E %
(PRTR i) ICED BRI OEEFTORR, HARENO
FAKBANOPHEDN LW EFHO LR oY, Zhb
D AYWEIEIKNDOBHEDIEL, TDIH3B 14TV FFH >
BONNYAFIVERIVAT I FIZENOHT AKRLHIA
25 LIELIEKREERTWwAEY™,

1,4VFFY VR NN-VAFIVARIVALT I FIX, BH
ELTELAMEHENTV S, 1,494 549 VIZ8WIcd
BEPAMEEEL, KEKOKEREEME LT 50 pug/L

VR RIS AL R: 3218585 MiIARRFACEH LR
7-1-2

PHIARRERSE L > & —: 329-1196 HEARRFERE T RN
2145-13

FREENTVE?. T/, NNN-YXAFUVERVALT 2 FiE,
R BB 5132, EHMORAIZ XY T
ERREITIEPMONTVSEY, ¥ 7une FY Vi
IARF VEERPREESER OGRERE LTHEH SN TS
D, RERHZBRIHBT 2135, BT BRFAM
PETLHY. 2L MR VIY ) —VIRBHIRY Y F— DR
BELTHERAERTEY, b FOEERETHEE~DE
BEADLNTNE,
BRBEANPSERENTZ 14TV IV 05t LTHE
A=Yy VERCHEMAM - A0 b5
4 —/BESHE (GC/MS) RUEHM~< A 27 ol
(SPME) -GC/MS 7%, ¥ ook F) yo4airiEs L
=Y - bF v T (P&T) - GC/MS PHEENT VDY,
SPME - GC/MS 1%, 1,4V 59 ¥ YA oBREERILE
PZoWTHOMEINTB Y™, BlE) M CRILEER
R VEE Ly, FEEELEHL 2w TED, 8k
EBIARBETHLEOREFMND A, EHMHE-GC/MS
BUP&T-GC/MS & ) bR TR, 72, P&T-
GC/MS X, “¥270ubk FYryDIiENr1,4YFF4%
WZOWTHHESNTE DY, BESHECRENE
HILERE 2 LB L L2 WSO EFH 523, Bffiz P&T
RBEZLEELT S, —F, EMEME-co/MS IZEMEEZ R
MCTAFTE, BIESEECRIEIEEDEW L W) BFRE
b, FBLEANTER 5 IS RERHEL T 52
EBRTE S,

B RA — P vy YRRV AFEIR, 1,4V F
FHURONNIAFVERILAT I FIZoWTEHRE X
NTWaRY™ % sv¥r oo FY Y RFLL MF T
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y =D TRBENE . £ T, ARTEIERES
DEREINCETE, ThoH o 4 EREOBKEERILEY
WOWTHEER T — MY v V% Fv 5 EHEMEH - GC/MS
XD, BUKMERLAROBEEZIFAI L RLIC, K
D BEDDOMBEICHITT 2 HEICOWTRETHZ &ITL
7z, Fio, ROWEEZHWT, HARET 45 HEIconT
FINKDOKEREZIT> 2O THETHET 5.
2 % B

21 & B

HEITIE Agilent B 6890 ¥ A7 1< b5 7 L HAE
FH IMS-700V BB EMAGHOETHERA L. 547
HAoX x5y =75 5L LT, J&WH DB-624 (60 m,
0.32mm i.d., 1.8 um) XiZ J&W & DBWAX (30 m, 0.25
mm id., 0.5pm) ZA7z, EHEMEIIE Waters B Sep-
Pak Plus C18 7 — MY v ¥ (FREAI&E, 230 mg) KO
Waters ¢ Sep-Pak Plus AG-2 7 — + Y v ¥ (FEHEA&,
230 mg) % vy, WAKIZIE Waters B Sep-Pak I >t ¥ b
L= —% AL SFRREFITEEI Zymark R
Turbo vap LV % L 7.

22 B ¥

EEWEEL LT, T¥ZUTk FY IR
#, NN-VAFNVENVLT I FIZADLRER S > 7 1 =
TAVa2T AW, 222 b F IR ¥ ) — Vi Dr.
Ehrenstorfer GmbH #ZE#EYE % FH\ 72, Th b g%
WEZZNWENRA Y ) —)VIZHER L, 1000 mg/L EH#R
WERBE L., 72, 1,4VF 39 VIZEE/LZES 1000
mg/L A% /) — VIBEEHEZH W, ThoDEREHR%
BEL, Y7uuxy yTHMLUT I mg/LEREREE R
2L 7.
Jouyr—MpEL LT, TE¥Z7unk FY YiZonwTid
Cambridge Isotope Laboratories 8- 7 ouk 1 ¥d,
Z, NN-VAFVENVLT I FIZ2W T Cambridge
Isotope Laboratories # N,N-¥ X F VRNV AT I Fd; 2
Wi, TNSOBBEYEEZNENAY ) —VTHERL,
1000 mg/L R RZRE L 72, T2, 1,49FFH 1
DWW TIIFIEHEES 1000 mg/L 1,4-T 4 FH dsg 5/
—VERERE AV, CROOBEEREZREL, 25
J—=VTHRLT, 10mg/LYus— MEREZFHEL /.

WEREDE & LT, BIFR{E%# 1000 mg/L 7 V4 1
NYEYXF ) — VIEEREFEHE . UF 1000 mg/L 47 1€ 7
NARNRYEY XY ) - VIBEERERREZ AV, Ihb R
BERERAL, 2%/ —VTHMRL T 10 mg/L NEFE
WAL 72,

AF )=, TEM ROV 700 XY VIZHR LS
W REERE - KUY 7 2= (PCB) HEH 5000
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ERAARE SR L 72, Z 00 RIS &
7z. 7K1 Millipore # Milli-Q SP TOC #Bifi/k 53 E 12 &
DR L 7oK E, BICEMRS S A (V—Z i
> A8 Active Carbon Beads-L 5 g % RELecn DT I AH
SACHELTHBELALZDID) THELZIOZHAW.

2:3 PMRKE

HEK 500 mL # V284G, Jusr— M EE LT
ook R rds, 1,4V 4 FH dg KOO NN-TY X F
WENVLT I Fdy Z2ENZFN02ug HIML, BEFNIERE
L 72 Sep-Pak Plus C18 (C18 #— b Y v ¥) 11 & Sep-
Pak Plus AC-2 (FEHERA— PV v ¥) 2T, HES
mL/min TEAKLZ. &8, C18 1 — 1tV v Y RO
RA—=DM) v VL, BHWICY 70025 Y 5mL, Tt
FY5mL, K5mLTaYyFqvanrrEfiol. %
NZENDOFEERS — b v D122\ T 5 5 MRS 5%,
TEIZSep Pak Dry 71— MY v V@KL, Yrouaxy
Y 5mL THM L, BHEEGbEk, TERRIC
EFREFREMFTTREEL AT, NEPEEYEHLE L T47
QEZNFARYEY 02ug®ML, I1mLERFEL
GC/MS IZX DHIE L7z, &d, EEEREHEERK 100
mL Z BV, HEEI— by Vi LEERE L.
GC/MS DRI LM% Table 112RY. o4, BTH
B4 EBD, EAFE—F, ERAFE-F
(selected ion monitoring, SIM) X D fTo 7.
Tezuub )Y, 1,4VFFY Y RONN-VAFN
FLATIFIE, #hFhduor— METHLIY IO
ok R rds, 144 FYds, NN-DAFIVERIVAT
I PG AT A HELLERDODTEEL. 22T b
Frxy—vid, AREEYH 47 0ET7 VA TRy
LT Y- EBERE RO TER L. F72, YO
7F— M EORIEE KD 5720, WEEEYE 470
ETNFARVEAKTHE - EEENLER L.
TR, PHARET 45 #1850 SR L 72, @RI,
2006 4 1 AIZEME L7z, BBk, BE7 7 AT
LCHIBEFICREL, 1 HURIZAHI L7z, &b, EEY
BHELEVEEHE, U7 ABMEFEK (Whatman 2 GF/A,
LE1L6um) THFBLZIOZEBKE L.

3 MEREEEE

31 F+vETU~DT LD

Frx ¥ —F 7 ACEBEAER LG (VOO D4
MIZHEL TV 5 DB624 T V2L 25, 1,494 FH >
RUoxz¥zsuube ) VIZRFRE -7 MR oD, 2
IFFVIY ) —WVREOFNNIAFVEIVLT I FOY
— 2 T4V I L. =, Tha—LReTIVTe RO
AHICELTWADBWAX # A L& 25, 4EIC
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Table 1 Oprerating conditions of GC/MS
Column DB-WAX (30 m long, 0.25 mm i.d., 0.5 um film thickness obtained from J & W)

Column temperature

Programed from 35C (held for 4 min) to 180°C at rate of 8°C /min (held for 1.5 min)

Injection temperature 150C

Interface temperature 200C

Carrier gas Helium

Flow rate 1 mL/min

Injection method Splitless (purge on time 1 min)
Injection volume 2 uL.

Quantification ion for SIM 1,4-dioxane
1,4-dioxane-ds”
epichlorohydrin
epichlorohydrin-ds”
N,N-dimethylfolmamide

N,N-dimethylfolmamide-d;

2-ethoxyethanol

4 bromofluorobenzene ¢
1,4-dioxane
1,4-dioxane-ds”
epichlorohydrin
epichlorohydrin-ds"
N,N-dimethylfolmamide
2-ethoxyethanol
4-bromofluorobenzene

Confirmation ion for SIM

)

88.05
96.10
57.03
62.06
73.05
80.10
58.03
173.95
58.04
64.08
61.99
65.01
57.02
71.05
175.95

a) 1,4-dioxane-ds was used as a surrogate standard for 1,4-dioxane.

epichlorohydrin.
robenzene was used as an internal standard.
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Fig. 1 Effect of dry time on the recovery of

hydrophilic organic compounds

@®: 1,4-dioxane; O: epichlorohydrin; A 9
ethoxyethanol ; ll: N,N-dimethylfolmamide

DWTRIFRY— 7 WG ON2720, 4 WE RS
WEEE oz, B, EMMHSEHFOBKEIZEVTIEDB-
624 F ¥R FY YR 14AVFFY VOB
WV, DBWAX % 2-Z FF 3%/ — VRN N,N-T XA F )L
FNVAT I FOBEIZH .

3-2 BEMEHEHL— MY v T OBKE
1,4V FH Y RPNNTAFIVERIVAT I FIZowT

¢) N,N-dimethylfolmamide-d; was used as a surrogate standard for N,N-dimethylfolmamide.

b) epichlorohydrin-ds was used as a surrogate standard for
d) 4-bromofluo-

X, AEEYTCIRIBBICHAROGEDEEZRET S
CI87—btV v P, 2BHICHWWEEWET HIEER Y
— MUy VERERE LEEREESEE SN TWE, T
¥rzuob FY YR bHRI Ty 7 —iZonwTik
BEEF W, 22T, €700 FY YR 2T b
FIVLY ) —NIZOWTHETHZ EICLA. C18 #— |
Dy VEEWRA— M) v VR L, KEEWE 0.2ug
B LR EK 100 mL 238k L2, Z0EE, C18h
— M)y VLD o WEOEIINEZ 0% TH o2, &
HREMC X B EIERIE 90% D ETHo72. LizhoT,
4 WB O RIFERHE L & o 72,

33 SEMRD— FU v D ORIREFR OB
ZAEHEY)E 0.2 ug %7K 100 mL 1ML, EMRS — b
U JIEKE, EERA— MYy VORERERE 2, 5,
10, 150 ELTRET LA, 2B, ZZTIREMYWED
NFERYE I T A - ERICE Y ER L, HIE
ZRDI. TOEREE Fig. 1ITRT. 1,4VFFH 110
5P E OB TIXEINEIT IR T L72As, 2ot
D3YEOEINFIZIZIF—EThHo7z. LT, &
TR — M)y VowmkFEEEZ 5 5HE L.

3.4 FHERD— MU YT HEOBHBEDKRE

EHERI—- M)y VhO0BHEBHELT, Y7unX
Y, TEMNVROAY ) — Ve HWTHRE L. &£E#E
YE 0.2 ug 27K 100 mL IZHEM L, EERT— M) v VI
WK, BHERI-TFY vy VEBSEERL, FBEHRE
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Table 2 Effect of passing volume on break through of activated carbon column
Recovery, %
epichlorohydrin 1,4-dioxane 2-ethoxyethanol N,N-dimethylfolmamide
Passing volume,/mL + Frl Fr-2 Fr-1 Fr-2 Fr-1 Fr-2 Fr-1 Fr2
200 97 0 83 0 93 0 101 0
300 98 0 89 0 100 0 92 10
400 96 0 81 7 100 0 78 21
500 95 0 78 11 95 0 70 32

Table 3 MDL and MQL (ug/L) of the proposed
method

Table 4 Recoveries of spiked hydrophilic oréanic
compounds from river water

MDL MQL Recovery, % CV, %
1,4-dioxane 0.013 0.034 1,4-dioxane 103 4.1
Epichlorohydrin 0.017 0.045 Epichlorohydrin 98 5.2
N,N-dimethylfolmamide 0.016 0.043 N,N-dimethylfolmamide 105 6.0
2-ethoxyethanol 0.015 0.040 2-ethoxyethanol 87 4.8

MDL: Method detection limit; MQL: Method quantitation
limit

B5mL THEH LA, ZOHE, 71 brCidksgoigE
2, BRMEOE — s B8 70—Filhol, A¥J—
VIZE BB TR, BHREHERIS LV CIRELLE, B
KBS U T A THALZAY, HEWEORILED
60% Kifi LB oz, —H, YrouxyreHnizig
&, HRWEOBINEH 87~105% & BIFTH Y, &M
WH—1 VL Sep Pak Dry A — MV v ¥ (HEKGEEES
MU ATEHE) BB LCTHERT S LIk ) BikERE
AT ZENTER. LD oT, EERI—F) v Ih
SOBEHIZYZ7uu Xy 5mL TITHI 2L E L.

35 EHERI— MUYy IADEKEOTE
7K 100, 200, 300, 400, 500 mL 2%} L T & E#y g
0.2ug ML, C18 7 — MY v ¥ 1 EICEER A —
vV lEESEL, ThEFhOEERI - v VizD
WTHREORREEZ KDz, B, T2 TIXEMWE
DONFRIEEWEIZT B — 7 ERBRICE ) ERL, HIX
BERDZ., FORERE Table 2R T. 14VFFH >
WEEARED 400 mL L ET, NN-VAFNLELVLT I FNiZ
HARED 300mL LT 2BREDEMERA— P v IO
BEPR LN 2B, z¥suneF) ko b ¥
YLy =i, BKEDN500mL F T2 EHOWEEK A
— M)y IUNOBRIZA SN2 o7, Lo T, @K
B% 300mL LEICTAE &L, BHERI-TFI Y V2R
BEAETHZEICLT.

3:6 HRHTRRUEETE
AEIZL AT (MDL) RUTEE T (MQL) %,
REA DL EREMEEBOFI &K IE, kKX

CV: Coefficient of variation (n = 5)

X DEHL.

MDL = #(n-1, 0.05) X 5 X 2
MQL =10 X s

72720, t(n-1,0.05): fEMZE 5% O tH, s: BEEREE.
#ER % Table 31T d. AIKRIC X M THRIZ 0.013~
0.017 ug/L, & THRIZ 0.034~0.045 ug/L Tho72.
7z, HRWE OEINZEIL 85~108%, F W7 — MNED
EIEIE 85~108% Th o7z, {LFEWEBRBEREEKD
FHIENCL 2 & BEMNEIZHOWE T 70~120%, W
T — MYET50~120% & ENTHY, REOEILE
FEEEER LTV

3.7 SAJIAANOFEIMNEREER

NS SRR L 0.2ug ML, BINEZRDI.
FERE Table 4 I2RT. WINOWE D BIIERIL 87~
105%, ZEMRE (CV) 13 4.1~6.0% & BIFR#ERI S
Lz,

3-8 EEEBNDOER

AREZ AN AKRE~NER LB RO—#% Fig. 2 138
. AEORER, 14V XV E NNV AFIVEIVAT
I RPRH ENTZ. 1,4V F 35 oM EE L 30/45,
MR IL 0.08~7.5 ug/L D& TH Y, EEHREHO
fREHE 50 pg/L Z BB L 72 RE R o7, NNV XF .
VAN AT I FORBEEL 19/45, RHEEEX 0.07~
lug/L DA TH -7z, T¥rmoe FYre 2o b ¥
Iy = Vidi E o7,
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Fig. 2 Analytical results of hydrophilic organic compounds in river water at

several sampling sites in Tochigi prefecture

B, BEROFHEEIL 2LEWEREEENE (2
RAE)OCEBE, 1,4VF Y OBRBIEEX 0.08~
88 ug/L, N,N-YAFNVAENVLT I FORMBEIL 0.1~
6.6 ug/L TH o7z,

4 #E El

EAHMH - GC/MS 12 & ), fEfE - BEICKEEH O
7 ug/L LRV OBKERRILEY 4 WE DO BRI HE L
Tolz. BKEERLEWE 18— M) v YTHREL,
EHERA— M)y VB AR LE e RE S L L
Ik o TEMMHMHE 2T, Yruuiry Y CiEHLE. 4
EORE/ETE, HRAFIHCHE# SIIBWT 1,4
VFEFHF U ENNIAFVEIVLAT I FORBIBENE
WA R Sz,
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Determination of Hydrophilic Organic Compounds in River Water by
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A simple GG/MS method coupled with solid-phase extraction for the determination of four
hydrophilic organic compounds in river water was developed. Target hydrophilic organic com-
pounds were 1,4-dioxane, epichlorohydrin, 2-ethoxyethanol, and N,N-dimethylfolmamide. A
500 mL portion of a water sample spiked with surrogate standards was passed to one Cyg car-
tridge and two activated-carbon cartridges in series. A Cs cartridge was used for to trap coexis-
tent hydrophobic organic compounds, and activated-carbon cartridges were used for the precon-
centration of hydrophilic organic compounds. A Cis cartridge was removed and discarded.
After elution with dichloromethane and enrichment with a gentle steam of nitrogen, hydrophilic
organic compounds were determined by GC/MS. The detection and quantitation limits of
hydrophilic organic compounds by the proposed method were 0.013~0.017 ug/L and 0.034 ~
0.045 ug/L, respectively. Using the proposed method, the concentrations of hydrophilic organ-
ic compounds in river water sampled at 45 sites in Tochigi prefecture were determined. The
results show that the range of concentrations of 1,4-dioxane was between ND and 7.5 ug/L; N,N-
dimethylfolmamide was between ND and 11 pg/L. Epichlorohydrin and 2-ethoxyethanol were
not detected.

Keywords : hydrophilic organic compounds; GC/MS; solid-phase extraction; activated carbon
cartridge.
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