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Abstract

Application of disinfection processes during water treatment could lead

to the formation of disinfection by-products (DBPs) - The major categories of

DBPs ,were trihalomethanes (THMs) and haloacetic acids (HAAs). A new

analytical technique called solid-phase microextraction (SPME) has been
developed which is favorable in terms of solvent-free and convenience.
Therefore the purpose of this study was to develop a new simultaneous
analytical method for trihalomethanes (THMs) and haloacetic acids (HAAs)
in drinking water based on SPME.

Known concentrations of trihalomethanes and haloacetic acids were
prepared in spiked water samples. For the analysis of haloacetic acids, the

derivatization of the acids to their ethyl esters using hydrochloric acid and

methanol in 100°C water bath for 20 minutes, followed by headspace SPME

with a PDMS/DVB fiber. Headspace adsorptions were performed followed by
GC/MS analysis. Affects factor of SPME included the types of fiber,
temperatures, speeds of magnetic stirring, and salts were all the factors .

The analysis of trihalomethanes (THMs) and haloacetic acids (HAAs) in
water by 65 ¢ mPolydimethylsiloxane /Divinylbenzene (PDMS/DVB) SPME

fiber were found to be possible. For future work, efforts on the tests of
simultaneous analysis of trihalomethanes (THMs) and haloacetic acids

(HAAs) are needed.

Key words : Disinfection by-products, trihalomethanes, haloacetic acids,

SPME
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VoA A
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2-2.1 # Wik %% (U.S. Environmental Protection Agency )
Fli = &7 =BWVOCs » FIpt 35 a7 7+ § %L USEPA
Method 524.2, Measurement of Purgeable Organic Compounds in Water
by Capillary Column Gas Chromatography/Mass Spectrometry # Method

624, Methods For Organic Chemical Analysis of Municipal and Industrial

Wastewater o ¢* & fd 4 45 = 2 4p i > F E_w "ﬁ ol S NI G O 'ﬁ A &+
$HECK BRI A JE5 2 A 45 VOCs BRE A o ] R e
FSUHSR Y TR SRR S H TR T 0 B AR

o Bt B0 F AR AT/ E R (GOIMS) @ m Rl & (v & 4k R -

2-23 MEFHFF 2 H7 w2 AR

1. *X # # ## (Purge and Trap Method )

EAYTUEARY > F AK-Z FALE G B 2 FRIRE S
KA RBRSEFEN R NFUTECRARANE BEE G H(OE
e AR L FAF 5 ) RE Y T FE MG B E o TR T e
HEF g - HFHRE S0 upmB g @ 4§ 3o @ 84 #i
BN Ry WP TR FAAETE Y B Y TR
(MS) ~kdgs+ i wipl® (PID) ~ &L f2ET R B RE (ELCD)
EXF DG RIFRE GRS ARDE S - BB F G D
BR TR F e 2 fonE A vk BE T - B S
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RS RAE R 0 2R R E AP AT SRR (T4
RERFHERIFTL) -

2. ;% 4p % B2 (Liquid- liquid Extraction Method ) !

PR R AT G IR AR AR RIE AT F B a A i
2ORHRE 0 F BRI ER NG B4R L~ F AP KT RA AT o R AR
EPBBLA Y SRR L HATARDERS YV 5P R g E
i 23 aRMIAp e kb AL 5 (Enulsion)Ih % @ F 3R B~

BT SRR R R G § R ARG A e

XH B F L o

3. 78 % ;# (Headspace Method) *2
BRI EARRRENREIREY R AP EF R T LS
BN AR PEE LR F AL L0 REAFT o gt 2 2 iREL

BonAIE E2EF ] 2 B ¥ R g 2 4F enE 4F 1 (repeatability )

&

L F A AT P ks B G S R RACR LK P o A
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4. ¥4p % B~;2 (Solid-phase Extraction » SPE) 122!

FAp F BB L - AT HAp % £ 4P (Solid bond phase) 3t F
Wenk R R PR A Bt LR A I R A R B A e
et RE RSS2k KN A S BRI R G
24 (C8-CI8) ~ fmlEAp ~ #F 23 E A P H I o 2 2 2 RIBAF
S TIHE T IRBAE T R R F ARy R FAp S B2
NIl S 1 AR LF R S O AR S 2R B

F P T o

5. Bppcs B2 (Solid-phase Microextraction » SPME ) 12224
%3 Btk N A 5 B 4R FAp#cE B (Directly Immersion
Solid-phase Microextraction ) f=78 7 F4p #ic % B~ (Headspace
Solid-phase Microextraction) = & o & & FAp e F P~ -5 P8 a w8
BEMRAATY 08T FARAE PR AL F BRSO 2 A
Yoo FRARGHF T H A EEATLIESE R F AT

BEREERATRARART TR FRARIFG) -
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THREE S (FH LG AR TR) P RS T Y R 2 H 2
FrE A F A RA I T p R e preAa X S g A
G AT fp B A R R BB B i

BFr e r s o

2-3.1 # AR e 2
WESLAAART ¢ § O REASH I B ARTY Fed ket
FRP R FES TR 2 TR EFRGEEZ BIVA 3 Py

e

Pk 2 35 1 % X F P~ (Soxhlet extraction) % j% 4p-i% 4p & B~
(Liquid-liquid extraction) % » E Hi B E ik ¥ 2 28 < 5 4
APl a g g s 2P et F 2 B2 (Headspace
sampling) ~ ¥X f # #.2 (Purgeand trap) -~ & "% B2 (membrane
extraction) ~ F]4p ¥ B~;2 (Solid-phase extraction) ~ 42 7R /48 5
P~;# (Supercritical fluid extraction) ~ % #4p#ic % P~;2 (Solid-phase

microextraction ) % > Ap 30 % N F B2 R Ap-R AR F B B L P

BT~ 2 iaH% ReEL-
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1. %% P2 (membrane extraction) ¥

VEREREE B R A BHB I REFE
WEBRERAT Y A5 L 0 F MRS 1D B Sy
Bedi ke o AT A L XA Y SR I BN A TR E
e RS DR e FEHEH B T TERS 2 S S
P FIERSRHE B R PN AL AR RIS

e o

2. A2 =M 48 % P~(Supercritical Fluid Extraction, SFE)

SACY BT et TR E R R o S e

1‘%‘

PRI R BR E g T LA - B LA B S A TR I

R AR 9 502-:09g/cm3 > Hink B A 2 4L A 5 RSB R HT

\-

=S B F Apde %ﬁ-m@@‘; AR RAP B RA o gL - #3"@'_”)3 I = R

PEY EBRL L A fEchd s HRBESEFEFE S F

Ptk 0 BV R FRSE RS R BRSSP AR B A
BBEPPEFE AWRAAHEPZZR AT PR RBE L RLE
CEBHBEFH R RY B
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3. F4p ¥ B~;# (Solid-phase Extraction > SPE) B
FAp F BB L - AT HAp % £ 4P (Solid bond phase) 3t F
Wk F A FRA L B LT B I R 4R A 2 B Ap 2 A
A RE RS A2k F AR R IEA 4R 2
it (C8-C18) ~1&iiAp ~ 3+ A #HEF R HF o L3 2 RBRE
Beiie (HE T IEH T R g @Y AR S e MIA A o 46 A
FPdmg % P oavlgl Aol A RS AT F e R

M TR UK P e

2-32 pwd 2 g ent gl
1. fmd i et * pE s

FAPR 1T R B B A 2P T e 4G R e R B
dOEE R R ¥ - 3 G o 447 S ;gg AR R A7 th 05 SR gm0 B
Fid T et R SRR TR R T Ao - A S
FF RATA I R

(1) g phkirke > HEIFLNPF

(2) B 4edTg H2 5 R [ onfmid

(3) it dn b f A0 A 47 K # T i A

(4) thioimR &4 e o B I LT A AGBE S #P B TR
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(5) Zypd FeniFm i rE B/ URIE > bo ! T3 HF RS FHK
FALZALDIFARALTT IR 2HEET g F 4T
P AT T e b PR SR Y T T 1

A AT T AEA AT A a T R aEma o

PN ERE e = eI

G FERAEO SRR L LAl SRS
R—COOH+HO—R' — R—COO—R’ +H,0

d N iE A fp v E L P dhcarboxyl group 2 fig ¢ eithydroxyl

groupF fl i @ 1 @Ak e & o

rﬁ%i PR R T - AF BB F T
( diazomethane ) 7 4\: v BF Lk HE BN 4eT o
R—COOH+ CH;N,—~ R—COO—CH;+N,

HRgELA > F iR PE-2 Rl F i > (sidereaction) ; 2§ 7 =

R RE e AiF o d 3R F T - ﬁé%ﬁi%%fr’ééc},‘fﬁi,@%i%é ' R
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233 A2 AR
1.7 Febadh i % TR 5 4 S o)
Bt AR S £ 0 Aok de fiRR 2 (A F R

B F AP AT /T T AR RIR )0 A E ARk fpHiE 2

/4

fer - TR 2ZBIER & SRS LB E PO (B 1) ki
BT BRI R R 0 TR NERR T0°C TEFRR R

o F x> > 1® A% = 7 A (Methyl-tertbutyl-ether ) % B~ 2

¥)e R T fakTA 4 BF FORFIRRIEGGE L F AAITRR

F AR E A ATL

2.% Wik %% (U.S. Environmental Protection Agency )

G-4t-k P HAAs 0 i) » # ¢ * US EPA Method 552,
Determination of Haloacetic Acids in Drinking Water by Liquid-Liquid
Extraction, Derivatization, and Gas Chromatography with Electron

Capture Detection (1990 ), % 552.2, Determination of Haloacetic Acids

and Dalapon in Drinking Water by Liquid-Liquid Extraction,

Derivatization and Gas Chromatography with Electron Capture

Detection (1995) k445 o + it fa A 45> 2 A5 B ,}géfﬁ-j AR 02

e ffigit > NP7 F ; Method 552 2 figi* > X MEF 7%

e

( Diazomethane ):& {7 ® fig i* ( Methyl Esterification ) ; m Method 552.2
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11" 10%2 FRpe @ BRi3 R 3 50°CT ki = | pRRA P fig it > 2oy

1

A1 iiHAAs fisgs w3 £ 3 (4471 B % MGC-ECDi& 7B ) o

3.H s o473 2

- HERe PSP EERRY FAAETRERET T HANRE (
ECD) & fa# ik (MS) » e Hak g5 F & fm2 it ehdh 38 ~ 3 4e 4 47
PR > P R X AR T 2R L A RAR R AT

k2 RMEAITE RERT D EC DA

(1) £ wn# 7 % (capillary zone electrophoresis ) **
£ WA E B 0 LY AR A — i dn E
ELAE b AAPE AT RERH AR R RS EOT TS
HEL TP A AT EEJYTEA T RLEELR I R

E R BRIk i H Ak gL o

(2) i#4p & 47 & (liquid chromatography ) 2]
P A0 AR EER T R £ R O SUL T R S
ek TR Cp FAArdAgn P Gt - BT ST PSS 07 5

o e RO RIRAZ Z 3 LT RE
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(3) 7 i % 445 (electrochemical analysis)
%ﬁ\é’ ET B AT RAATPIRPRE - i * 3 PﬁA}ﬁ;ﬁwﬁ 4
WP R e T e peF LA TS 0 A S 2 i

LWtk R BT TR LR AT
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F4p He 3 B~ ( Solid-phase microextraction ; SPME ) 1 & Hid 4o Fl
2-1#07F > d A BN A @ fE D AR PO e AR A P S

JTTa
ih;}t‘&_%_o

\:13

WHEPSREL B RaEs (- 9% lom
B2 0.1lmm)> % 6 RGESIGEORES L g B KAl wE

ARV R S S R A CE b N S
o 5PgaiiE r BipicE P2 %% % (SPME Fiber Holder ) © i

v Ai

DAER Y FERRAT LR o T B G
BT A B ARl S EREE LR o X MEBE S B ka2

LIRS FECE T

2-4.1.1 £ % %

L6458 4 & de4% (plunger) 2 L8t (barrel) o 4% eni¥
FORRERSE O L B W s da s iRk B G ( plunger
retaining screw ) ¥ T3t Z A (Z-slot) @ i I 3t4repz £ R
AL R ek ¥ A 5N e 5 1 4% & 3+ (adjustable needle guide/depth

gauge) PRIV Az i o4 e g ek B (B 2-1) -
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2-4.12 3%

P BELZ AKREPRDERGRETIHEY 5 BET B
(A d 2-5 97 ) HA B end B A X B g 2 SOF IR
L (TEBLHREI) PENE RGDER(T EHI by
PR AS P RER S NRUEY PR R) AR BT E
B W5 MR RN MR RN 2 Bk A 2 Ao e Tk
AR e BARACEPRAARY A MR (Polyacrylate ;
Carbowax®/Divinylbenzene, CW/DVB ) ~ Z-4& 144 i (
Polydimethylsiloxane, PDMS ) ~ 3 gi& 8 8 (
Polydimethylsiloxane/Divinylbenzene, PDMS/DVB ;

Carboxen'"/Polydimethylsiloxane, CAR/PDMS ;

Divinylbenzene/Carboxen/PDMS , DVB/CAR/PDMS ) % = f& ; @ % B~

,féé‘%,ﬁa;?:g‘_?ﬁf%?—ﬁ:ié“'ﬁ{ 505 TR FHEASE R F B
BT RS TR T RAR o ]l

Polydimethylsiloxane/Divinylbenzene (PDMS/DVB) £ % *¢ PFBHA

Faef o mangt (i d 24 SRR e R ) -
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2-4.2 F 4 M E P2 38 34500 )

11* SPME ¥ B~y i & ¢ 53 B (DIl
BREE A AT RS P FRIF T RS AT By
B g Ap 20 38 {7 4 fie(partition) > B @ St b oo i Tk ‘fﬁf
PR 2o e Q)R IEAR D BRI ME BR R AT R A
HUB Ol BRE A A REY BN

FAMERRE A A AT 2 B i T a2 L f
THAp i (7 T 74 fe (equilibrium partition) s 5B~ 0¥ o L B R F

P e % B~ (direct SPME ) £ 78 3 H4p ik 5 B~ (headspace SPME) = #&

2-42.1 ® 340 e 3 B 124343

TRAAKIPFLISIRAEZIEMRAATY % 2k

3

Pk dp 2 HOR A AFARE DT R r e Ed T A Rt AT

n=KViV,C,/ (KVetVy)
n:FRRastl fEE
Ki © #54 R & B 2 40 22 45 5 I ch0 e 8 (Kp=Cy/C,)

Co BRI FAA I 2 RR

23



Co:HAd ez kR

Ve: 5B ad FEp2 M

Vot AR

Cot v &2 R4k R

PHRAMA S RHITFPWUAF I (VoK) » 27

ERGEE S O AR R A

2-42.2 78 7 FAp M F B
FRAAFTE AR SR SR ALFHED AP LELF T
B TR 7 I TR FAP S B o TR T BRSPS E A A 5 B
FAEGAEBRATELZFAY > FEP LAY R TR F AR A
RETEARER TG T ERHET D TR e
n=KViV.Co/ (KeVit KpVitVy)
he s R R AT T FPE DL F AR e f ik

Khs: Ch / CS

i

Ch: Rz fip? RS2 kR

/=

F 1P 2 M A

V

A

=
by
=K

Z AR P TR R WRE AR P A 2 T
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LARZ KRB AR e RAEEHANKRIBPFEAD TS AT HFFR
B

?T(‘GL K,]Lf“f'_“ﬁwgg\q A 1,; T F)pLofRoiy 4 K 3_"

900 ¢ 4k R A A AR AR R S AR Y
R BRI PNF R on F P iE B Ao E MR E R R > BB

Fl g otk MRIERR R R CKig R 2 iR et L BEET

3
~mbe

f§3[34,35]0 I W ;;\,%1 F j“]“i?.‘r VB PEE S R A TS

Ry
+4
b

7‘:9)51}1;0

(1) AwF4pengap 2 55 T
BELPEAPRE (dod 23 975 ) B B b o R AT
BB AR o FRAFAPOE B ARS A A e BlAR L 0 A T

RA A e R RACR -

(2) &7 ~ A%
FAFE o (2) m R EK S RAMAEF R E A
FEIEER AT DR R BARA R P S P T

AR E L

\\\

B F R o A d 25 (3) 7
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AR R DL (Kes® )0 B RZ 8 (Vi) B2& ] o

Ao A R S B AR PR A 3 R

(3) Eppmr

FoprR A & £ AorTiE OO R AT 2 A AT DR
B s A e AR 4 AR S S R AR
BORAR S SRR AR S o e R AR T GEpE S ARE o B (TR
AR A EEFPFF O LA B REH S E R ER B £
Al A TR R AR R R A 2 BT E hiBike b
o g BEE T IR A AR T TR GER LR E R

52§ R H 4o

(4) 3R R
F A CE TR AR A R T € R TR R B BT R
A k(1) B AR R R P 6 R A A SR e

oA E s g0 BPRFETHTE DR Y § R

-

(2) d 3ok o A B K g5 F AR 2 @ "M
Fetk AR E R T MR o AR il AR Pl B ¥ AT AP
 Flm AR R B SRS 4 2 B A e Bl ik o

- AW T AR AE TR T F IR R R PG R R
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MR AT R SRR R R AR GIK T 0 F A R

FeRtg a ATl O RAR 0 g R E T o

=
|k
&
[
(=
B
;3:
H\
A&
beics
«Ht
5
b
B
g
=3
=
-
P
ﬁ
W
:E
gt
W
"
‘¥

Tk BE A R ¢ BB s - F I A

FEARAY G r BAE TR ADEES R S B
% (saltingout) r ¥FZ P 5 2 e d o A0 BT % A&
Peohp s RAT F BATIRAL Y AT AT PE kA S g0k
e MaiF ¥R RER G € RIS RP DL ITIIBRR

TR FE R AR R OE > A RS R RE R T B

TR A 2 fhdk B E P S e B AT T T A Yl
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A o e Y F R pH B At S H AT F ot i P 7 - T

kot VR AR T 4 R E 55 % > pH Bancy

(8) "MMfE R % WGP

ORI BT TR R 2 - o FRIFIER S WA

3
R
1=
Nud

1]
a0l

W

2-4.3 F AP B E B2

FAPMCE BB S - BEE PR B ESEE A EH B
SRAFRFIAT (25 A2 F RF ) i
BoOke mEag s pse e ) PV 2 B A (Y S A Y
(PCBs)~ % ~7 %) & B* R4 BB -1 EFL 5

ﬂgﬁg\g%£§§gﬁﬁ;w%d%ﬁ&iﬁfﬁiEwﬁﬁ%

N—

B 8 FH Y B Beee T % g AT E

ki

B R-EZEE BT 2

/

Poipp o 20 T o Mg e et e g RLT -
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=
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GC/MS # +71

A 4

A 4

7% % QA/QC
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LE,L‘

$oHAe

Ji

Lif‘

a7 &

3-1.1 % &38|

l.

-

Bz &7 % (TTHMs) {238 5 1 2000mg/L(5 & © ~ — &=

F 9%~ 20— % "%~ 2 87) Supelco

#)e it (HAAs) 3 5 1 2000mg/L (5 - § e fe~ - & ¢

Fi~Z & o fh~- hC i o R B - & - 42 fi) > Supelco
Frfasdr > NaySO, 0 Sodium sulfate » Wako (SEM3503) - Japan
% i 4p > NaCl » Sodium chloride - SHOWA(SL2351Z) > Japan
? & > CH;OH > Methanol » TEDIA®, USA

@ A& » HCl > Hydrochloric acid

3 4ok

312 % B% &

l.

® 4 W F $k & #g Vials ¢ 15%45 mm 4mL - glass > Kimble® -
Mexico(60815-1545)

( 2 PTFE ¢ 3-4% ¥ ¥ Kimble® Septa (73812-13))

@ &+ 4~ 7% T ! METTLER TOLEDO & & 4] AG245

7 F %8 VORTEX-GWNIE2®Scientific Industries, USA

.33 f ¢ Pasteur pipet : 229mm, Kimble® 72050-900, USA (
2mL *x Ef )

Mg g 1 100ul ~ 1000puL, NICHIRYO® Digital Micropipet,
Japan

Pipette : Transferpipette 100~1000 pl

30



10.
1.

12.

13.

14.

15.

T_% ¥, volumetric flask : 10mL, glass, IWAKI®, Japan

Fip AR B E B e SPME fiber @ 100 pm PDMS »
SUPELCO® 57310-U , PDMS/DVB

Fip A5 B F B4 e SPME fiber : 60 um PDMS/DVB -
SUPELCO® 57300-U, PDMS

T} B~ £ f 2% % SPME holder : SUPELCO® 57330-U
Fip AR P K & SPME sampling stand/4mL vial puck :
SUPELCO® 57333-U > ( 7 = B # 4B stir plate )

4v 44 P+ %  Barnstead/Thermolyne, SP46925 ; (Dubuque, lowa,
52001 USA)

A3 ¢ magnetic stirring-bar, 2 mm X 7 mm ; Spinbar (made
in USA)

# 8% +7 & GC : Perkin Elmer Autosystem XL Chromatograph
(& 47 ¢ 4+ column : DB-1)

B ## & MS » Perkin Elmer - TurboMass
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e YL
3-2.1 ‘?Eﬁiﬁi‘}b,%

R ;;%[9’23’27’41,42] R A okl e
R~ B2 AR = )T AR (S 0 A W B 1.068 mL £ 0.66 mL ¥
4 mL R AFg? o £ 4 » 454 uL HCI 2 226.6 pL methanol »* & &
P 18 0 B 100C R T B PR E TR o AR
BIF 20 A 4BTS o BRAFLE NS R ST T HTEE L E

B A0C I kAp & R 2 4p 2 B e T T o

B RBS A AAPMER SRR (FR R g
Dvidddr= )0 B FRE AmL B AN > DRk IR aR MR
MO WP PZIPFET R e PRI (T R E T AL e
fig > 2216 0 F AP R 17 B B R T AR HE AT LR F TR oy

y /g‘
2.

I

322 RAAppeF ez
(1) FtppeFpegh a2 5
BARMER A% 5 0033 g/mL h= &7 =2 534 4 g/mL i
de fL T fig (40 X kg R RE SR RN (D LR LT

{4 & ) ¢7165 1 m Polydimethylsiloxane/Divinylbenzene (PDMS/DVB )
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3 2k e 100 ¢ m Polydimethylsiloxane (PDMS ) i& {7385 » Y

AL hE Bk o

(2) 3MRFHF
Aotk & A W 5 0.033 ug/mL h= &7 %% 0.534 4 g/mL e
Fe® fig (U 4304k AEL Y 0 LA ATE R MR A W (7 5220 ~ 30

260 ~ 482 TSN AR B2 TR FBEER o

(3) ¥Pif 47
feflik B A 5l 5 0.033 g/mLen= &7 %% 0.534 4 g/mL g2
FAdt T PR AR > MR ATE X2 R TR SRR A

WA 50~60~80~2% 100°C T & FBRR 2 IR o

(4) #&E2 B HEFZ B E
petlE & &~ W 5 0.033 ug/mL ch= &7 =22 0.534 4 g/mL
CRLT PPN R ALY > RS TE LR TR SRR
2 X PR R o0 A w3200 500 ~ 1000 3 1200 rpm T R[iE A e AL

R R PR
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Aotk &~ %] 5 0.033 pg/mL eh= &7 %% 2 0.534 4 g/mL shdye
AP fg it P 3 Adg? > NERHEATE T2 R TR SRR X
PR R R ARIEE R A Zi NaCl % NaZSO4($,9F R RN G 2.5

/\ 125/3» 25/)a WFE3 2 ,/] Eﬁfk{ﬁ‘ﬂi"d—p;\xﬁ;;t%ﬁj_ggfggo

(6) #Wm:

e f o rp L E P Tl F AR R 2 3R A
TR R 0 BEARACE PR R 2 TSR ]~ s
pfE g FER R M el > Aid bt 180CHUE R TR (TN o
B F ik TR R - A AR - SRS T Akt
AATIEET B RMREEE » LT R RS SRR A T

DR - S ran fE S (F - S+ F D SRS 4T

i
Y

Hit A B4
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B2 E kA
3-3.1 RBA 705
# 2 GCMS A~ 457 i 2 %4 GC 2 GCMS & A 17 % ik e gl
BB, g 2 g E A
3301 § 40k 17 %
® Injector Temp : 180°C
® (arrier gas - He
® Column : DB-1 > 30m x0.25 mm
® Flow rate - 1.25 mL/min
® Temp program : 40°C for Smin > 12°C/min to 130°C for
2min » 25°C/min to 230°C for 4min

® Runtime : 22.5 min

3-3.1.2 53 %

T k2 3+ ki w3+ %F4S R (EI); 7+ Full Scan mode
758 (m/z 25~250 )it 7 2 4 47 £ ] * selected ion recording( SIR )
mode % i # 2 ehm/z i 7 LR A 52 @ P EE A B (m/z
2% FArd 31 ) o

® Interface Temp : 250°C
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® Ton Source Temp : 270°C
® Scan Model : Selected Ion Recording (SIR) » % 3-1 #77%

® Solvent Delay : 4 min

3-3.2 B M epe ]

fefllz 2 kA2 = &7 % (1-05-02-0.1% 0.05pg/mL)
2 dpe fe (10~5~2~1~05ug/mL) > S5fqf hesd F fsts » it
Py omie2 i EFE LB b fsdmr GCILbfr ¢ sy

£ 01 GC-MS A 17 > & @ 50 & 4 -

333 i
3-33.1 BEMR

B 2 fp Al (R) BE 0995 11t

3-3.3.2 3 ;% 1 4% (method detection limit, MDL )
RFAp M F P2 g ek R G 0.0165 pg/mL 0= &7 =
% 0.267 pg/mL cdq2 flfig 2 5 o i PER S 30min 0 2 154
GCiLstr ¥ Bstrpa 7 > @ F 447 = Fed fE &~ R

DUER P H S R L o fRE L e B
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MDL =3xS =3x {(Zxi>-nxX>)/(n-1)}
Hd¢ 5> MDL : 3 ;% i jpl4&*2 (method detection limit )
S (STD) : % %
Xit 4582 kR 1 5 A1 H Ak
U RAR A S

X 1 £ AR R T

3333 A4 EFER
Rl ERPN - EREEACBREA T U T AN E M
B3 S TERR DL A5 0 b3 1096 ¢

L= (| BrlkA —mEilER | /feflikR) x100%

3-334 ~ 2R
el EARPN - ERBA > BRFAITT R PIESITH B R
1A 178 %35 2 % 8 8k (Coefficient of variation » CV) > 12 CV

3o 0 LA 796 0
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- 5 FARHCZ B RiE

4-1.1 FIApAcE B aanE %

GAp e R B~ AR I A 39 68 2T A 5] 100 umPDMS * 60 um
PDMS/DVB = 4% ‘& k8 (7 e ' Rl3E > B % 4Bl 4-1 #1751 ¢ 100 pm
PDMS » 60 um PDMS/DVB % it [e FEesbig = &9 2 2 &2 fe @ fig it
4 » o 60 um PDMS/DVB 4 432 47 % 2 dqo i ¥ iy 1t 4 e
o Af B0 PR < 3T 100 pm PDMS 3R st e ff (2 5 #xiE 260 pm

PDMS/DVB 4@ 1F 5 #4275 ¢ B B it i B o

4-12 Z B~
3 11 60 pm PDMS/DVB a4 W78 2 v 5~ 20 ~ 30 2 60
AAE D FIFE PR R o Aol 4-2 A1 0§ RN 30 A AEPE R R
B E A K R OR L 0 AR 60 A 4B S BT & P A

AR M j\;ﬁi:\fi‘u 30 A 45 % }:g,\p;‘rcﬁp‘a}g& o

4-13 F PR BRI+
EEF PR R R SRR A TR hE T RA S0 0 ek

AR 2 WP T RO R A T L AR sE o T 4
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Rd
W
|
3

- gl% L &’g‘L [ g‘xﬁi/ﬂ\’ﬁjﬁ”# }i?‘}t};ﬁq_ \iﬁgkézp}'\xfrl»i’f u§ o

dy
)
\

=N

vl ARG ERAITR Y T 4’55'?@/ LY T ela gk B A
ﬁiﬁié%ﬁﬁﬁﬁ&ﬂ@@%@ﬁﬁ%ﬁéﬁg’wwaﬁﬁ%
oo i TEB TR R A WA o

APy A S oRERER A B 5 033 g/mL = )T kR
0.534 1 g/mL thdqe Fa P g it vk AHg? o R T R R
2R GO PEER 0 A % 4506080 % 100°C T i 7 o 4r[B]
43 557 0 AT d 2 G AR EEACR AR R L 3 60°C 2 15 P AR

B F R AT T ESE 60T b il 2 A E PR

414 JEE R EF PP
GE PGB o FFIEEA b HBond R L E T R o -
SRR T Y DA SRR E AR L ] 2

o F R FTEZ FARMEEE > FIAAMEE R FE S > B kR

(=i

PR S R BT PLRL TR B dopt R 7 R hinE 0 B
BRS¢

AT 2mm X Tmm 2 £ AR E B AR AFLE o A B3 200
500~1000 % 1200 rpm T B3EF B 1@ B gk R R o de

4-4 ¢+ > 1000 rpm P& i G FE AR T % ¥ @ T 1200 rpm PF
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BE AR G EE SN SRR - & oY iy e
Be T F Ak o TP > AT E T 1000 rpm 5 3PP 2

wit -

4-1.5 i 4e BATEAR
Aedlok & A w A 033 ug/mL éh= &7 %22 0.534 4 g/mL chdye ik
R ALY o T TE LR TR 5B R 2

-~

g Ao 4 5% 40 NaCl 2 NapSO,0 1R 51 5 4e BT H Mo &

S

-
FiY o Aks 2F AR LR 4000550252 0.5 5 g -4
R HEL B BRG R 0SLE PR ARE 2R
TR RS P R R e B 45 0T o Ak T
A2 e 0.0520.25 5 cnff AR B R I KR & A R G
HEk L o

A NaSO, = & » 4 [ #-0.05~0.25 2 0.5 sueipnfiddh4e » 2 %
etk 2 1 B MG 4 0.5 ATEA R A R R 2R
Doy RS PEE Rk K Ao B 4-5 AT 0 #\i,"jtécmﬁﬁ:ép\%
A 4r 0.05~0.25 ek A s b S o AR S B RAD SR G AR B

:
ﬁx—to
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N

& 1t A F A r NaCl & NapSO, 0 1% i J i st v
£ o FpL j‘ﬁﬂ%gﬁnfﬁié‘?ﬁféﬁ "fiﬂ\t‘ » 1R B B gk SRR ek

2

4-1.6 #9%%

e et FRA dye LR dye fifn aT2 2 GCMS 4 47 i0il
2P o EFHFEF BT AEE ERAIM T PRFERY SR
R REE A 4 N H R e FR o AT TR R AT 180°C HEE A
TRETHAMIG MG L T AR - R A AR A - TR AR
Ats o AP HAATIEE T B AMEEL § Nk EF S R

MRHA T 5 B R Aok 4-1 9T 0 Mg < 309970611 + o

4-1.7 % ~ ¥ 4%

d %% %e & 258 (3) n=KgViV,C, /(Ke Vet Ki Vit Vo)
Faro B AR HAE (Vy) § BB Fegat 2 g F ¢
deR e E R PIFRZE ML F AP R -

ﬁ%é%%w@ﬁﬁ%kﬁi@ﬁ@énﬂﬁQmL&$§*4

mL 2z vial ¥ ) 372 2 @ RHEST > 2mL 2 R AMAHAP L 1mL 5

[ERRIA SRR S R =3 2mL\’}{ﬂU§¢”7f;, BT AT o
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P Y Y
421 FHTE R T 2%
4211 ¥ &R
fellz 2 RERZ =87 % (1-05-02+0.1 % 0.05pug/mL)
2 de e (10~5~2~1~05pug/mL) > Gfqitimd & gte » 1w it
EFTTAT2 P EEREETE LR RS GCILEH T ¢ £
0 GC-MS A 47 0 B FHREY R o B R %34 425 HiEE R4p

B 28 (R) %37 0.995 12+ 3 GC/MS & 17 Bl 3 4r 4-6 #751 o

4-2.1.2 = 2§ PR

RRAP MR Pz g itk R 5 0.0165 pg/mL sh= &P =
2 0.267 pg/mL e fhfin 2 (% PR 30min) 0 2 (846 ~ GC
AT P BRSBTS M O AR SR
MR R T ORRL 0 Aok 42977 o

ARG AT R A T E 0 2 T R en i BRI
0.004~0.006ppm (4% B 4c % -k-k T8 2 % RIR G5 R4 E
80ppb) ; @ &)e fk R LE 0.017~0.194ppm (F >t % Bk F-F 4L
# 1 60ppb) e A AT @ TR BHUF 0 H AR Y doE M RF 2L 2

i auz ik 1 GC-ECD » #7#& > @ H.00 GC/MS W R~ 5 @ 4rk &
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2% GC-ECD 4 47 > 4p 5 AF2 § 978 B & 473 % thid P& LR

BEERBET K de mea g K

4-2.13 ~ 45 ¥ FE R
feflli AP - kAT A(Z 7 %% 0.0495 ng/mL 2 e @7 Ay
4 0.801 pg/mL) » & {7 4 45 F R RIRE o 4od 4-3 977 0 HAp i

£ 5 88~1079% -

4214 ¥ HB R
Aol RPN - JERHE A(Z &7 %% 0.0495 pg/mL % e fa®
fin 1t 47 0.801 ug/mL) » & {7 A 474 % & B3R o dodk 4-3 #r7n » #7(7

5% B %k (Coefficient of variation » CV ) 4 3% 4~149%

4-22 B H 0 3 jE 2 b

v

AR AR R AT B R 2 R 2 O ok 44 98T 5 A
AR R ATEF eehg de fhz A5 0 MR G ARG R US
EPA Method 552.2 » d %% % @& % ¥ B~j3 4| ~ * 12 SPME & B ¥ Bosx

G B K WpRATA AR 2] PR SRR S 30 A4
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I F BHEER
FIAR M P B E T L AT AR FEANE P s DR HEE B L
WA F LG RFGHE 2 L A DBE HY L F4
MEP S AT R ERERART EXPAFTS A BB R
RAPFZHE AR R FAPMEBREREF LR R A TR
AFT 3 1 SPME fie & GC/MS F P-4 77k ¥ = &7 ‘22 &2 fh2
5 (1) 65, mPDMS/DVB & > (2) #u%t % 180°C ~ 2 4 46 -
(3)BZFBE R 60C (4) B2 EFBMERF 3044 (5)#:E 1000
rpm > 2 (6) At BEEE S RE I A FARK AT R
I R AER A R Y 2

(GC/MS) » 12 SIM mode %
a o=z 55]5 ﬁﬁgﬁjaﬂ,#o

AP A F72 Fe ki MCAA ~MBAA - DCAA - DBAA ~ TCAA
2 BCAA> # 7 77 #85 USEPA 32 HAAS ;@ A XK¥ L7 4
fade fhle pF A 7 anT (T o

AT FRB
‘*F‘ﬂi‘gé“ﬁj‘%ﬁ;; ‘:'!fi/iirﬁi‘g”\:i‘,fﬁ’w,‘;;%z o

ot B ke T
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e

bhrd BT FRGSRE D RAITE B L @ F e B
KPS 2T A mpH o Fla B RAAsgE o FP o A

% s £ i & pH 7] » B2 E Bk & eE 3 o

- ¥
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Bull, R.J., Health Effect of Drinking Water Disinfectants and
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WARAP AT 22 B H2FF, kAT % 36 4.
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Disinfectants and Disinfection Byproducts Rule; Final Rule. 2006.

FRTATRE FEF BB T, kP B fT BRI E—X

FHBG AP ATE 1995, K TR 2
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121 2 7 Renp P g

E M.V e E(25°C) mp('C) Bp("C)
= % ? 22 (Trichloromethane) 119.37 1.485 -63.5 61.2
- 8- % ? “=(Bromodichloromethane) 163. 82 1.971 -57. 1 90. 1
Z %— % ? 2z (Dibromochloromethane) 208. 27 2.38 ——— 116
= ;8.9 22 (Tribromomethane) 252. 72 2. 887 8.5 151.2
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% 2.2 \r prr Bt P it IR

%) e fhAE ¥ pg 57
oy M. mp('C) | bp("C) | bp(C)
— % ¢t fik (Chloroacetic acid; MCAA ) | 94. 4 61-63 189 130
- /% ¢ f& (Bromoacetic acid ; MBAA ) | 138.9 50 208 144-145
AR 128. 9 10 194 143
( Dichloroacetic acid ; DCAA)
- ke 217.8 | 39-41 950 | 182-183
( Dibromoacetic acid ; DBAA )
pE Rl 1 X 38 215 155
( Bromochloroacetic acid ; BCAA)
=& 163. 3 57-58 196 152-153
( Trichloroacetic acid ; TCAA )
=ik 296.7 | 129-135 | 245 | 220-222
( Tribromoacetic acid ; TBAA)
AR R 207.8 [70.5-74.5| 215 | 200-203
( Bromodichloroacetic acid; DCBAA )
R 252. 2 95-98 232-234 | 180-182

( Dibromochloroacetic acid:DBCAA )
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% 2-3 = f)97 =g L

v & i — B F Pz | - R F NV
(CASRN) (67-66-3) (75-27-4) (124-48-1) (75-25-2)

US EPA B2 B2 B2 B2
US ACGIH A3 SKIN; A3

IARC 2B 2B 3 3

SCUSEPA e B2 277 2 # A SERFEFTHILG &7 L& LHdH

US ACGIH 71 A3 % 71 & $ R g 3

i [%v”ﬁ A imﬁ'{%

SIARC h12B 4 $H A 317 it B 5 3 4 7 $H A SRR 02 4 4
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%24 djo fhend L LE

g
MCAA DCAA TCAA
(CASRN)
(79-11-8) (79-43-6) (76-03-9)
US EPA -- B2 C
IARC 2B -- 3

<US EPA 7 B2 % 5 ‘Pﬁi—'{‘k‘ﬁi’(}%?‘} e ’ﬁE\"Z‘ LR e

RpF v Enlicdy s C 57 oo FAHREF

‘“‘%
=\
=
¥
—mbe
b
>
ok

2 HE RS A

*IARC 2B ; = ﬂ"‘ Lx‘F’ﬂ At ;’f()% 3 £ ‘F*ﬂ'/‘ Lx‘F‘_-r(}E'F'-’di = A’\L}:‘F’
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% 2-5% & Fp peF Bk b

Commercially available SPME fibers

Stationary phase and film thickness Abbreviation General application ( analyte type )
Polydimethylsiloxane (100 um) PDMS Non-polar, volatile
Polydimethylsiloxane (30 um) PDMS Non-polar, volatile and semi-volatile
Polydimethylsiloxane (7 um) PDMS Non-polar, semi-and non-volatile
Polydimethylsiloxane-divinylbenzene (65 um) PDMS-DVB Polar

Polyacrylate (85 um) PA Polar, general use
Carboxen-polydimethylsiloxane (75 ~ 85 um) CAR-PDMS Volatile, gaseous, trace analysis
Carbowax-divinylbenzene (65 ~ 75 um) CW-DVB Polar, volatile (low temperature limit)
Carbowax-templated resin (50 yum) CW-TPR Polar, HPLC
Divinylbenzene-carboxen-PDMS (50/30 um) DVB-CAR-PDMS Broad range of polarities from C; to Cy
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% 2-6 PR R ihm £ R

Film Maximum Recommended Conditioning Time
Stationary Phase pH
Thickness Temp Operating Temp Temp (Hrs.)
PDMS 100um 2-10 280 °C 200-280 C 250 °C 0.5

PDMS/DVB 65 pm 2-11 270 °C 200-270 °C 250 °C 0.5
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% 3-1 = [f\&]g Iz & 1_1\5.‘]2; ﬁjﬁ? ﬁjaﬂ,#’;, SIRmodeé{?;

peak THMsand HAAs ester SIR m/z
1 methyl monochloroacetate 77

2 methyl monobromoacetate 93

3 methyl dichloroacetate 83

4 methyl bromochloroacetate 129

5 methyl trichloroacetate 117

6 methyl dibromoacetate 173,171
7 chloroform 83.85

8 bromodichloromethane 83

9 chlorodibromomethane 129.127
10 bromoform 173

%SIR mode : E#H EF T hm/z &7 A 7 H0
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+ 25 Rl 72— & 4L
% 4-1 BRFF E %

A PR (min) | 8- SR e A | B SORG | B o S F 8T SR A | RIS (%)
CFemUm 2 991 2 993 99.798
b U 2 1889 3 1892 99.841
S FemY g 2 34555 71 34626 99.794
PR R 2 19818 24 19842 99.878
S EemY g 2 17489 33 17522 99.811
S Y g 2 13956 11 13967 99.921

PR 2 54374 131 54505 99.759
- g ow o 2 57536 126 57662 99.781
BT 2 30726 74 30800 99.759

=g 2 8401 8 8409 99.904

SR “ﬁ *I:? =

(% - =g 45e /(% =+ %2 Z0ga 6 #)) x100%
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42 QA/QCHE R ~ /oM Hlicz H P&

S Uy R S AR50 PR R E® | ORI RE | B M RHE
(pg/mL) (pg/mL)

—Fomva | Y=30442x-8.6715 0.997 0267 —5.34 0.089
— o vy | Y= 70.658x+26.594 0.99 0267 —5.34 0.194
B y = 1644.2x - 32.576 0.997 0267 —5.34 0.017
§- e vy | Y=357.68x+283.5 0.997 0267 —5.34 0.042
SELR®Y y=692.3x+217.35 0.997 0267 —5.34 0.165
o @vm | Y= 09.631x+16.023 0.991 0267 —5.34 0.049

- yowo y = 15436x + 27.305 0.999 | 0.0165—0.33 0.005
_ - g eus | y=7213.5x +41.426 0.997 0.0165—0.33 0.005
BTN y = 8127.2x + 32.07 0.999 | 0.0165—033 0.004

TR y = 6776.8x - 35.653 0.995 0.0165—0.33 0.006
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QA/QC A {5 FER 2 % A

FEAE | ARERR (%) | ARERR (%)
- KUY 6.56 7.20
~ LT YAy 16.41 13.64
S F LT A 7.73 5.87
F- o @Y 13.99 8.75
R 8.36 8.79
kT E T Ay 10.02 5.68

B 10.02 7.14
B R - 1.68 5.94
S b g om o 11.64 4.66

BRI 10.55 9.56
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% 4-4 AFmy R

SR AT PR R LR

= EPA 552.2 BB 5k T L =R
KRR A 40 ml 200ml 2ml
R S R Rk T AR M 5 B
B A R ? Fife® A% 10% WL e
- I L 50ml & b
i P GC-ECD GC-ECD GC-MS
BT PER 4| p* 3] p* 1.2 ] p=
S F 0.2—2 pg/L 2—-20pg/L | 0.267—5.34 pg/mL
i | MCAA 0.273 0.93 0.089 (ug/mL)
MBAA 0.204 1.41 0.194 (ng/mL)
(A
DCAA 0.242 1.05 0.017 (ng/mL)
png/L
BCAA 0.251 1.17 0.042 (ug/mL)
TCAA 0.079 0.69 0.165 (ug/mL)
DBAA 0.066 1.14 0.049 (ng/mL)
2 i€ R A Peig = @R A
AR AR AR
3% 2k FERPERE - Be |3 B v B | fe iR A
AEAFTRES | S RPEAS | ERPE
=R TR il
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Mt - BRI E Boz 3B W A2 (Condition )

1. #SPME 2 ¥ Bt r £ %% o

2. foasfétEg (#B-SPMEz2 24¢ R ¢ % AAI 43cm) |~ § 48
kA7 ki ste (XL 260°C) @ o

3. #Bympdax i dok FF Run > %24F 30 min °

4. #30min & > B g BTN SLEEN > B TS o

5. BEREIATRY
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