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Abstract : This study assessed analysis of N-nitrosamines by separation, identification, and quantification using a gas chromatography
(GC) mass spectrometer (MS) with electron impact (EI) mode. Samples were pretreated by a automated solid phase extraction (SPE)
and a nitrogen concentration technique to detect low concentration ranges. The analysis results by EI-GC/MS (SIM) and EI-GC/
MS/MS (MRM) on standard samples with no pretreatment exhibited similar results. On the other hand, the analysis of pretreated
samples at low concentrations (i.e. ng/L levels) were not reliable with a EI-GC/MS due to the interferences from impurity peaks.
The method detection limits of eight (8) N-nitrosamines by EI-GC/MS/MS analysis ranged from 0.76 to 2.09 ng/L, and the limits
of quantification ranged from 2.41 to 6.65 ng/L. The precision and accuracy of the method were evaluated using spiked samples at
concentrations of 10, 20 and 100 ng/L. The precision were 1.2~13.6%, and the accuracy were 80.4~121.8%. The R’ of the
calibration curves were greater than 0.999. The recovery rates for various environmental samples were evaluated with a surrogate
material (NDPA-di4) and ranged 86.2~122.3%. Thus, this method can be used to determine low (ng/L) levels of N-nitrosamines
in water samples.
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Q9F : 2 &1L electron impact-gas chromatography/mass spectrometer (EI-GC/MS)E ©]-83}0] N-nitrosamines £-43}= HF ]
o B, A4 9 AEA Fa4dE Bkt S AES 6 AR Y AL dFES dasETdE AA
s FEARE AAE glo] EL-GC/MS (SIM)9F EI-GC/MS/MS (MRM)E ©]-&-35to] 214 &A% A3, & Uy wF
RAR SES WYtk uhY, ARG REARE ELGOMSE BHT A9 B&E 520 o3k AT ofa) %S
ng/ll 529 AL ofel& Ao Ueitrh. 859 Nenitrosamineso] Hat ELGOMSMS 241723, wdZa 9 g

A= 42 0.76~2.09 ng/L, 2.41~6.65 ng/L +Eo2 7]E FAWH O H|sto] WA Yebgth Ad7ksk 10, 20, 100 ng/Loj o
3 AR A FUE(1.2~13.6%)9F HE(80.4~121.8%) RF wrEatglon, Aol Mol thEt AHAGRY)E 0.999 o]
Folgieh e A= et A EEEE(NDPA-d) 9] 3k 86.2~122.3%S YEho], & oA Frhe wioem
N-nitrosamines©] W24 0] 7Hgoh& AT sHAH.

FHO : YERAW, AFaAEE, EVGC/MSMS, HAE, 34e

1.ME 5 o] BzEm kY ydeEs EE & NDMA
of thet YAl 7Fo]EEkel FEE 12 ngL= AASHL 3o
44 2 BheAe)9] 25T oA wihalomethanes (THMS), o], Eolo] 4= NDMAS} NMORo| tja 7lo|=atel =
haloacetic acids (HAAs) 5} 22 ©4A| A5FANE o =2 7217+ 10 ngL2 Asta gtk WHOSF 7jubcts 9=
Qo] A4 AERAMZQ] N-nitrosamines® YHAYF '™ B 2 NDMAo]| tjjgt 7lo]=gtel H=%= 717 100, 40 ng/L
N-nitrosamines <= N-nitrosodimethyamine (NDMA), N-nitro- 2 44ty H AR NDMAC] tfjs] WHO 7o]=
somethylethylamine (NMEA), N-nitrosopyrrolidine (NPYR), ZHelS AEslal oy, 3 fAV|EutHS Y3 A
N-nitrosodiethylamine (NDEA), N-nitrosodipropylamine (NDPA), FEog 27517 gk
N-nitrosodi-n-butylamine (NDBA), N-nitrosopiperidine (NPIP), dutx o2 NDMALE g4 U Z2gyloR AEs Wi
N-nitrosomorpholine (NMOR), N-nitrosodiphenylamine (NDPhA) Eof|A] W& ng/L £F0] Fujgro g ZRE 4= glo] B4
9] 9%0] 23| o] Qlr}. N-nitrosamineso] thgt &A= o gt =& A9} 3)4~8L @ F3} N-nitrosamines
fe] w4, A S, WEBolA o el BREQeH T o et /)| RAudl aRukE Teut B3] ALgE
5o 2] gt A TS U AR o, 7I71dEd A BE W wyl =R YERdt: o]
St 2 A 2Tl A=olM AEER AA s woll =& ollA EAsE ngll =& HESH] feiM=
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WEA 238 B nhE3Aol Basi,
nitrosamines FEY O 2= Mol ZZ(liquid-liquid extraction,
LLE), 11AF3%(solid phase extraction, SPE)o] ¢l o,
Z]Lof] SPME (Solid phase microextraction)& ©]-&3%F H'H
L= @ol AREE AL Qltk o] F SPME WS Al® AR
6 25471 AEF} Hssiehs 4ol AT, SPME
3lolH(fiber) FFoll wE N-nitrosamines2] A& 4Jo] =X
IR RoART FEULE Fol7] He) ARTE Holtv)
3HA| 7} 9t} Grebel' & SPMES} GC/MS (CI mode)S o]
£3}o] N-nitrosaminesE 245t A1} 30~138 ng/Lo] *H
AEHAE @480 Easigled, o] WHeles AA Al

in

FEAM Ao APHORE HES) ofo] k) o
N3 U IHFEYS AES A9 AT 2ESAY
5718 olgdte] HHMEE BY & Advke Aol 9
o, o] 3 WYFEHO| HAE W HUEES Westo 7}
A O

} wol o]-8-% 1 Qltt. N-nitrosamineso] thglt 7]7]E-4]-2
Thermal Energy Analyzer (TEA), Nitrogen Chemiluminescence
Detection (NCD), Nitrogen Phosphorus Detection (NPD), Mass
Spectrometry (MS) 5-2] A<7]7} 2%E Gas Chromatography
(GO)E == 0]43] Yt N-nitrosamines= Ex}2Fo| zlo}
Electron Impact (EI) modeZ Single MS (GC/MS)o]| 2J3] &
HE%g A sjska GHEIE e shs40] 271 o
Fof Chemical Ionization (CI) modeo|4] GC/MS E+= GC/
MS/MSE o]g3lo] &2 Wo] Bashs,*'""'? GC High Resolu-
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MS) E3}F N-nitrosamines £-4Jof] Wo| 241 gloi}®¥
AeiAdo]l GC/MS/MS &= GC/HRMS H4)of v|3)] thi
o] A th'") EPA Method 5218 coconut charcoal cartridge
EPA521-& o]&3%t SPE F&HI GC/MS/MSE N-nitro-
saminesE &4 5h= WS ISkl Qlth 717184 Al
glo Al 2ohEFEd A% (Large Volume Injection, LVI), Ton
Trap Mass Spectrometry, CI mode(HEH-& E= oI EYUE
9 o]$)% EFsn gk oiRE) AT Aol P
SAE W57] 918l SPE W Bl LVIE @ol o] &334,
FE CI modeol A AFEA 7| o] gsto] HAatgc >
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&t N-nitrosamines | °
3582 93 Automated SPE 2| E o] 83te] 2Z319]
], & 242 GOMS U GOMS/MSE 4=8)st1 At
- EZL AR EHHRE Eol HHAET
gl Z 35 @311, N-nitrosamines®] &
T W AEES, 3 AR Y3 58S B4t A
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Table 1. The properties of N-nitrosamines (USEPA)?

Formula  Standard US EPA

Nitrosamine log

(Abbreviation) wgi\gfwlt?(;lrjanrol) Cigtcisr: Cglfjjgi_ Ko/w
gl\‘—lg i,t/lri?odimethylamine ?72;'(2),\51322? B2 057
gl\‘—’\r;;tErz)somethylethylamme ((:g?g'ir\cl)%c)) B2 0.04
m—ggf)s:odlethylamlne ((314(;4 21 o1|\;250) B2 0.48
Z;lq—g;tjr;\))so—dl—n—propylam|ne 25:(;4:\;3280) B2 136
:;l\‘-gngo—dm—butylamme %a: g; 82,\14210) B2 263
z;l\‘—ggrﬁz)o—dl—phenylamlne ((311 ;ng 02,\2‘21()) B2 313
gl\‘—g;t(rs)sopyrrohdme C(z;'égN%O 2B (IARC) 019
gl\‘—gitpr;)soplpendme C(?I;i 21 ng)O B2 0.36
m-&ggjomorpho"”e C(;"jg’_\‘fzo)z OB(ARC)  -0.44

N-nitrosamines 3E<=A]2F-2 Supelco (USA)ARO| A F-g3}F
0% EHFEQ000 pgml)e ol &atsit. 7+ o] o
T2 £4S Table 1] Yetiict. g Az of tigh 3]
48 BA o= A F 252 (Surrogate) £ 4] N-Nitroso-di-n-
propylamine-d;4 (NDPA-dy4, 98%, Cambridge Isotope Lab.)
£ ALtk Aoe WREENo shgon, rEs
=& (Internal Standard, 1S)-2 toluene-ds (99.5%, Cambridge
Isotope Lab.)& AME3IYILE AR 222 GCE5F9 &=
Z | (Merck, Germany)i} W eH-2(Merck, Germany)2 ©]-&
3l o, A= MI-Q Integral 3 (18.2 MQ-cm, Millipore,
USA)O.2 A z3te] ALgshelh AR AAelo] ALE 4
222229} TAFIE 2] A= ZHZF Autotrace SPE Worksta-
tion (Caliper, USA), EPA Method 521. Resprep” (Restek, USA)

2 Abgater.

> orohorle

22. BHEMNE Y BEANR

N-nitrosamines ¥ NDPA-d;;2] &Y AT} toluene-ds2]
HEUNLE FEAOFE 27 WebE T E2R2vEe =
o] 40 mg/L == A X5 Oom, o]i= MS/Scan E4] o] A}
SE Tt AAE] glo] v 7|71 EAE Qg A=A &
Z#A|&E N-nitrosamines2} NDPA-dj;2] EE&HUNLS tJE=2
Zojgko] Eetsto], vl =, 5, 20, 100 pg/ll E=2 A=
ket 7 e B3 1 mLo) %7} 1 mg/L¢l toluene-
ds 20 pLE &4 Aol H7tskgich AAE 97 FEA
2L M N-nitrosamines¥} NDPA-d;4;&] ZZLNLE AA)
Gl 0] % 10 pgL2 WE o1, oA HASE
Aahe] vlERA R, 2, 10, 100 ng/Lo] S =& ZH|algich A
7Y & 49 5SS v * HFE5FHAIE 0.5 mLo

X7} 0.5 mg/Lel toluene-ds 20 pLE A7}skc).
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Table 2. Water qualities of environmental samples tested

Parameter ~ TW1? Tw2 UW1” Uw2 Rw1® Rw2 EF1? EF2

pH 74 72 74 75 78 78 74 76
Turbidity, NTU 099 0.16 0,70 010 220 10.10 053 1,10

Alkalinity, g/l 0 14 3 33 78 78 56 121

as CaCOs

Hardness,
mg/L as CaC0s 366 236 509 605 931 103116621318
DOC,mg/L 102 083 033 085 162 394 400 511

4 Tap water, ® Underground water, @ River water, ¢ Effluent

A =ol it Bjea “é‘ﬂ% Al ==, A3k, 3t
Ao, SeAERS 2 20 % 8] ARE ol gstart
A& E 0.45 um-membrane filter (Millipore, USA)2 ¢ 31}-3}
of ARGt e, 7k Almol gt 8 FUS4S Table2

o WrEr SAet.

2.3. ™x{z|dH
N-nitrosamines®] 5% % =2 SPE HIHY
Aﬁg?ﬂm ou, j%’i"% +
E F(QA/QC)E 1%t Al&+= N-
nltrosamlnesg} NDPA. -d =3 %f,ﬂ'?f} = 1029 3gHE9 o
off =HlskGich AR AR ek 3]& AlF-> NDPA-
dist F7sto] 35k QAtt. A5 SPE A2l Autotrace SPE
Workstation (Caliper, USA)-S 67)] A|&2S ZAo] &3 =
Rem £PIFE o1 Aok WA HEEEE 5 mL,
HERS 5 mL, A4 10 mLE 10 mL/min2]
Yo a1z oz AASIAZITE I TS AlFE 1,500 mLE
15 mL/min®] §-&02 Zgo| SIA I A7 F0] ¢
25 & AAI$ 5 mLE 20 mL/min®] §&£0 2 ZHH2 A
AT T 208 B B2 ARAAG Aoz O3
ZuEt 10 mLE 0]43}9 5 mL/min9] $&o0 2 2&3ic}.
2% g £ 452 1PS o X|(Phase separators, Whatman,
UK)E 33l AIASHAT. o] % 455 7](Scinco, Korea) 2
7 S 0.5 mL7HA] s535to] 2F w57t 3,000
W7l Sl 9ot HEHOR =2 AR 0.5 mLoj Y
E2EZQ toluene-ds 20 pLE H7I3E & wRE7|(Vortex
Maxi MixIl, Barnstead)® 4= %7t wHlslo] 7] 718418 A
B2 AFE3F9th Nonitrosamines 2] A S GC A FE A7)
(Bruker 300MS, USA)E o]g3ale] JHREEHOZ B35}
At

O A
Eoer

2.4. 7|7|18&M

N-nitrosamines +-44-2 Bruker 450-GC2} Burker 300 Triple-
Quadrupole Mass Spectrometer (TQ MS)7} AEE 7]|7]A]
2AHL o] &5t AET 3= VF-5ms ZHB0 m 2o,
0.25 mm W7, 1 pm “—%7711)% ol-g3te] Zelstitt.
W, o)A Al 2usE A
£8 ol SRt QELEAAE 2/ 2E 40CoA 38

o A% T 110C7HA] 2% 5C/min, 150C7}A]
7C/min, 250 C7kA] 10C/min2 @A Ho 2 &3 o
A% 12 SASEE Sheirh AFLAL Bl mode 2710 A
Electron energy, detector voltage, filament current 32 212;
70 eV, 1,350 V, 50 pAZ AA3HAT} EL-MSMS (MRM) 5
Aol 2AEE of= 3t 7hATE o] §H QAL TEAYES 15
mTorr2 3G T A& F YU+ Splitless mode = A A 5FH O
o, A 2 ULz 3t} ££87]5k 2 (Dissolved Organic
Carbon)&= 0.45 pm-membrane filter (Milipore, USA)ZE A] &
£ o373t 3 TOC -4 7|(Sievers 900, USA)E o]-&3dlo] &
At} e Es AR 100 mLoj 0.02 N-H,S0,& pH
45714 Hgstol ARSI UrA] JREL HiBsy

[o 2R =S W
A7)z ute 2Ajshert,

25 MEHZ@ANQC) U 3|42

N-nitrosamines 48] S84 AFS A=HZ(QA/
QO)T B ARl i ng B Fo) SastAct
WA ZE3H A (method detection limit, MDL)2} & 2F3HA| (limit

of quantification, LOQ)%= Z 7—} AEFSHA B9 AR T
of that 98% AlZ|kofA EFHALE] 3.14, 108 = 4H&5}
ik ESE 7§§]—E(Accuracy) 2 A & (Precision), 73%419]
270l gt AAAT7E B7HE A A= tRE N-
nitrosamines?] 3|42 A EEZEZQ NDPA-di,E o|&

sfof wastgom, 4 (D olgske] AYateict.
Recovery (%) = Ca/C x 100 (1)

714, Cae EFFES
wolH, C=

7135 A] 72 NDPA-diy =4
2715t NDPA-diy 5555 ot

3. Zn Y o

3.1. N-nitrosamines2| 0|2 AHIE=

N-nitrosamines, NDPA-d,4, toluene-ds®]] o3} Scan E4-&
Quadl 9] #AS 40~200 H9ollA 3Ysigich. 1 At
N-nitrosamines % NPYR-2 NDPAQ} ™ F-E5A|7H(Retention
Time, RT)o] A A] Yepgtt] Library (NIST MS Search 2.0)
AN AT}, NPYRE| 34 o] 252 (m/z)-> 41, 42, 100
o], NDPA= 43, 70, 13022 }elyich NPYR 2 NDPA
g 32 o] &EX}ZFL Scan mode®E HEA3F TIC 179
AHEYo A FESFen, T NPYRI} NDPAS| 11

o] LB m/z)2l 100, 130S Z+z 3Helst A} RT7F A
shapA] A AL o 5 YAk Heb, B ATolAs
o] % NPYRZ QA/QC B7to| A A|jstes sH3ith

N-nitrosamines, NDPA-d4, toluene-dgo]] 3t A& a =S
library 2%t 23} NDMA®} NMEA = library®] A2 EY
Mg T Afolr} Qglen], Unjx YREL HEE 2

AAuet vlsEshAl et SIM mode 2415 $1%F ND

2 .
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Table 3. Acquisition data for SIM and MRM mode

SIM mode MRM mode

Com- RT Selected ions (M/2) . DI” (m/2) o
S G S G e

NDMA 10.08 74 42 74 74 44 5
Toluene-ds 10,94 98 100 98 98 70 10
NMEA 13.25 88 42 88 71 73 10

NDEA 15,94 102 56 102 102 85 5
NDPA-di4 2143 78 144 144 126 50 10

NDPA 2167 70 130 130 113 130 5
NMOR 2181 56 116 116 56 86 10
NPIP 23.02 114 55 114 97 84 10
NDBA 26,10 84 57 84 84 56 15

NDPhA 31.90 169 168 169 169 168 10
4 Parent ion, ® Daughter ion, @ Collision energy

o] Aeho]-2&(m/z) 42, 74, toluene-ds-2 98, 100, NMEA =
42, 88, NDEA+= 56, 102, NDPA-djs+= 78, 144, NDPA+= 70,
130, NMOR-& 56, 116, NPIP+= 55, 144, NDBAX= 57, 84,
NDPhA:= 168, 1695 Z1ZF o]-&3}%tt.

MS/MS scan £4-& 8] WA QuadlofA] ARESE T3t
A Adegol2 7t & stk 29 thE Quad3o] i
RS ZF 359 Quadl AEol2kHT) 1 A% ¢ =7
shoith. mpAete 2 EAFHET collision energy (V) ®H9IE
5~40 HE 2 A F 8O R o] EAISHGITE o] 2
Z} collision energyoll A YElY HE0 3 T3 AHE
& vasto] 229 o] AdEYE AAsIITE MS/MS
scan B4 E3] A€iE NDMASQ] Pli= 74, DI+= 44, 74,
toluene-ds 2] PI= 98, DI= 70, 98, NMEA 2] PI= 88, DI=
71, 73, NDEA 9] PI+= 102, DI+= 85, 102, NDPA-d;4%] PI=
144, DI= 50, 126, NDPA2S] PI= 130, DI= 113, 130,
NMORZ9] PI+= 116, DI+= 56, 86, NPIPS] Pl+= 114, DI=
84, 97, NDBAS] PI= 84, DI= 56, 84, NDPhA 2] PI= 169,
DI= 168, 1695 ©]83}9th SIM 2 MRM mode HA410of
AHEE Aol e Table 30 KIS .oFelsich

1 9
i) fo
Sey

ol

ehithFig. 1@). AEFUEHE +
zu7) & g2RanE 05 mLe
2 319t} EE 2100 ng/Lo] o3l
logKow gro] A& o2 =& NDBAS}
o, 53] NDPhAE RS o=
g 3&S H3ATHFig. 1(b)).

Split ratio= A& I 5=t Ealof &

rr o
)

M owd o

S

ST
o
Mr o

f
>
ofi

DPhA

-

ne Z
flo
i
oo
B
do >

>~
R

flo
of
ook
o
=)

1.0E+08 4

Area

. m2ng/L m20ng/L © 100ng/L

Area

Fig. 1. Recovery of N-nitrosamines according to concentration
methods: (a) residual evaporative concentration, (b) dry
evaporative concentration,

o, EAFE 9 GC 7y B4 vt A4S 9d %
Ut} dubR oz Algtme] et RG-St £ AS
72 QAEE Zo]7] 93| split modeR W2 HAL sl

B AFLo A VF-5ms (30 m x 0.25
mm x 1 pm) ZH-& AR} splitless mode 2 N-nitrosamines
£ A% A, =9 meEd 9 e dEsiee
w, BX471-8- == split mode (ratio 1:5)] ®|3}| S/N (peak to
v oo = A UEhdth(Fig. 2).

s=]

[¢]
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=
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140
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S/N ratio
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Q LS
& & g
& S S

Fig. 2. Variation of analysis sensitivity according to split ratio.
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1000
(a)
m2ng/L m20ng/L =100ng/L
100 4ot
e
Z
=
Z
7]
10 A
1 4
100000
(b) m2ng/l. ®w20ng/L =~ 100ng/L
10000
e
g
=
Z
7]

Fig. 3. Comparison of S/N ratio by SIM and MRM analysis
with pretreatment: (a) SIM, (b) MRM,

3.3. SIM2} MRM 2 AH|

Az 2stA] ¢ko EEAIEE SIM 9 MRM mode2 -4
3t A3}, NDPA-di4& Z3}35F % 10= N-nitrosamines2] MDL
© 7}7} 0.52~1.36 pg/L, 0.72~2.02 pg/L, LOQ: ZHz)F 1.66~
433 pg/l, 1.72~6.45 pg/L =2 2ol A UE
vt AUz 7k 23~10.9%, 1.8~82%, ATE= zhz)
98.5~108.0%, 81.3~98.2% o], HeFAl o] XA o
3 AAASRY)E 099 oo 2 ul FE Tt uhetA,
EEARE AT glo] 7171848k 7-$-ol= SIMI} MRM
Mol & atol7h glof o] W& ARg-elE golgt Ao
2 Yepytth A gh dA e :EA R g SIM 9 MRM
mode A AT = AZvtEINZ FEj7F v thEA
Eltc} SIM 2418 3 2ulE 782 baselineo] thdt ko]=
9 EeE g3 o M Fgke] wWol vEht WS ng/lL
FEZ A7) o= o7l A%t N-nitrosamines 2] 5
% 100 ng/Lof| thefiA= A 2 FFRAlo] e o
A 758 AR, sk 20 ng/Lofl thaiAl= ST A, =
2 ng/L= 2 & NDPhAYF S/NH|9} AeHo] 2 AdHEY Hg
= WEAA FFEA o] 7Hee A o= YETHFig. 3(a)).
oo ¥ks) MRM EAollA= B4E 730l o3 19
o] Aglow, 7P 2 sk 2 ngLoAE A H AEdS
THAI7| = 88 SINHE 9 4 QLA thFig. 3(b)). w}

Hel

£

oA, A2 AR dF W ngll $20] ATEA WY
©2E MRM 40| Hdd Ao Uehgth

3.4. B HFQAQC) X 3|==

Foo & ngl 59 Su|gd s EX 5= N-nitrosa-
minesE £4517] 9= & W FFol gt HA
ol RtEA] dasieh olddt AA e P A A& &
Alolli= MRM mode 4]0 AA7 2 o= Uehylth dff
29| FEEo] EAASES Ho] mEEoH o]

1] =ZZ Daughter lIon (DI) AHEY H|-&E v wslo] AT
21} NDEA& obd Zlog ueyth HigA|ZoA= DI
(m/z) 1025+ 100% Z45}¢] 0w, FZEAIFE 100 ng/Loj A=
DI (m/z) 82 9 1020] ot v]&o] zHz}F 25%, 100%= L1}
wTh EF NDEAC] tigt Aol AAASRY)E 0.901
A2 Wkl 5% 10, 20, 100 ng/Lof st Z3= HE
7} 40.7~172.4% 24 EAH AR e SHA FAHsHA
Uerg T weba, & 1059 N-nitrosamines % NPYRY}
NDEAE A&t Y] 8F 5o tigh MDLIF LOQ
L 7}7} 0.76~2.09 ng/L, 2.41~6.65 ng/LE 1S WA 24
F ]t 7]& X 11% N-nitrosamines?] -2 MDL H9|=
0.1~1.78 ng/L 40| SPE®} PCI-GC/MS/MS Ei= GC/
HRMSE o] g3t E4AzEo|ch MY B g3 7z
EI modeo| 4 9] £AAR}RETH= B W& MDL 5528 =&
5113, EI-GC/MS/MSE ©]-&3}4] PCI-GC/MS/MS2} At
e BAATE Aol HollA wie- AR el Jltk(Table 4).
N-nitrosamines &%= 10, 20, 100 ng/Lof| )3t AU == 1.4~

Table 4. MDL of various N-nitrosamines analysis methods

Number of MDL
N-nitro- Methods used References
. (ng/L)
samines
Eight 01~1.0  PCI-GC/MS/MS with SPE  Yoon et al ¥
. GC/HRMS with -
Nine 01~17 automated SPE Planas et al,
Eight 04~13  PCI-GC/MS with SPE Charrois et al,'®
Seven  0.26~0.66 EPA method 521 Munch and
Bassett
Eight  0.78~1.78 PCI-GC/MS/MS with SPE  Cheng et al.'®
Five  5~20 PCI-GC/MS with SPE Farré et al.'¥
Seven 30~138  PCI-GC/MS with SPME Grebel et al.'?
. ) Krauss and
Nine  01~33  LC/MS/MS with SPE Hollender®
Six  2~24 LC/MS/MS with SPE Plumlee et al."®
Nine  25~463 EI-GC/MS with SPE Kim et al.”
Eight 5~10 EI-GC/MS/MS with SPE Fujioka et al.”
Eight 076-209 o COMS/MS with This study

automated SPE
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