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Abstract : Halonitromethanes (HNMs) are one of the most toxic groups of disinfection by-products. Recently, various studies have
been fulfilled. An automated headspace-solid phase microextraction (SPME) gas chromatography/electron capture detector (GC-ECD)
technique was developed for routine analysis of 9 HNMs in water samples. The optimization of the method is discussed. The limits
of detection (LOD) and limits of quantification (LOQ) range from 90 ng/L to 260 ng/L and from 270 ng/L to 840 ng/L for 9
HNMs, respectively. Matrix effects in tap water and sea water were investigated and it was shown that the method is suitable for
the analysis of trace levels of HNMs, in a wide range of waters. The method developed in the present study has the advantage
of being rapid, simple and sensitive.

Key Words : Halonitromethanes (HNMs), Disinfection By-products, Analysis, Solid Phase Microextraction (SPME), Gas Chromato-
graphy

29 ! HNMst= EA4o] 73t 2E5RAEE 9] g 2o thakst A7k A n gk B 3o A= headspace-solid
phase microextraction (SPME) & 2|3 %] 2} GC-ECDE ©]-&3}o] 9% 2] HNMsE FA|E4E 4+ 3}% HAAHS skt
9% 9] HNMso| th3t HE3HA(LOD)= 90~260 ng/L} o w, AaFsHA|(LOQ)+= 270~840 ng/LATE &1 5 o]&35}o]
Al =250] matrix PR ATE A 9% HNMso| thal] 80%~127%2] Fd 3+&S ‘%EHH‘H Al 5252] matrixof] FFF
< wkz| okokeh a2 Gro)| 4] JHEE headspace SPME GC-ECD H4H-2 SujRE o]83t Hxo Axe Ao Hast
A grobd A Ho| AH T BE AB3T WHOZ HNMs 2o A A0R Lekyteh

FNY : gRUERWER, AZHAE BA pA ujgFzZ AT RulE 80

1. k| = methane (BNM), trichloronitromethane (TCNM), bromochloroni-
tromethane (BCNM), bromodichloronitromethane (BDCNM),
AeA FAAA AT e HYd =S dibromonitromethane (DBNM), dibromochloronitromethane
2HE FHAE Rt wle T4 Aotk AeA (DBCNM) % tribromonitromethane (TBNM)2.2 & 9%0]
ZoA AEEHE ASAEREE g4, oliEtdA, S22 i, o]& Zo|| A chloropicrin (trichloronitromethane, TCNM)
% oE 5 g ohefsi, 53] da, olikelkea, S22t o] A= ohE 8%of vl & U A glon, vuZ HE
R 22 daA] A5AE2 AT v w2 A HlErt 2o Bdo|rk? ®3l, ok HEA HNMs7}
AA7re) =FoA 9] 71 R o R s 7 Wol AREH 7} = A& A (cytotoxicity) T} 8% 54 (genotoxicity) O 2
I 9tk o5 AEAES £Fo FESe FUIEREY ola] o]So] w3t WAjo] Z7}etar gk
Hheste] Held H SdWelds 7HAle 600019 a5 O|EL FEE, ol U 9% B Sofx AZHE ez
BAFEES AAAYIE AOR deiH Qo) WHoR  musgn Y 55 SRRl 4SS HNMso| SEL
FAZS e BAES T3] dRolrk? o= WA HFA © 2 trihalomethanes (THMs) % 9] 3~4%2 47
Aol ofd dar 25FANES F 2 545 s, glom,'” giiiio] 1 pg/L olstol vt W A A

ol
=
FEE A AEHEY} &2 halonitromethane F(HNMs)

=ong 2 oo

of digt FH4le] F7h=]ar 9k o] HNMsi= chloronitro- ey 3o Ade] eEAY E= UVAL 34S
methane (CNM), dichloronitromethane (DCNM), bromonitro- g 29 HNMs ;A S =7F 2718t 2oz 48 A

TCorresponding author E-mail: menuturk@hanmail.net Tel: 051-669-4788 Fax: 051-669-4669

AE 5 pg/Lel Sutshe Aow Hasha ook mat,

% f



294 ,

orean Soc. Environ. Eng.
- A&5E - MES - 2140} - E|TIEH

ZAbo|L} oAk 10

18)
~

ok HNMs o] AP BEAERL
12} o= 22 68)-8-7]= A (algal organic matter)
7l ﬁ%ﬂ‘:”“(natural organic matter, NOM)”) o] 9o,
NOM®] 795 %144 NOMO| 444 NOMe| Hlsfo] 4
53] B A4S M ow BaEgeh”

220l 50 g4E HNMso] Fviek BAS g5 &
AR Zide] B AtAdEe] 4 HaEal gl Luo
=290 HS-SPME (headspace-solid phase microextraction)
A2 H 7 GC-MSD (gas chromatograph-mass selective de-
tector)S ©]-&3}o] 622 HNMso|| 3] A=A (limit of
detection, LOD)7} 1~50 ng/L A=<l 1= EAHL 7idt
sttt E3F Montesinos 52 HS-SDME (headspace-
single drop microextraction) 2 * 2]¥ 1} GC-MSDE ©|-&3}
o] 9%9] HNMso| tf3f v]ZHLOD: 60~1,200 ng/L) &&=
ol BAjo] Fhssh BAMS Austalc

2 AFoAE R719eA kel He Ferh =il
Aol dedolA 71E] At THMs 24 A&
T 31 9l gas chromatograph-electron capture detector (GC-
ECD)% /L]._,C_Lo]_o:] 9_.__4 HNMsZ& E./\]H/H?ﬂ— Z~ OI_‘: AR
A istara) skl 5a), AV vlREE4 A (solid-
phase microextraction, SPME) A& 2] A2 & o] &3dlo] H:
of AAe Bol Wast ghe sty AFoE B4
¥e el Zo] ¥ o] Bt}

21. =S Y A
A& o] AFE-% 95 9] halonitromethanes (HNMs)?1 chloro-

nitromethane (CH,CINQO,), dichloronitromethane (CHCLLNO:),
bromonitromethane (CH,BrNO,), bromochloronitromethane
(CHBrCINO>), bromodichloronitromethane (CBrCLNO»),
dibromonitromethane (CHBr,NO,), dibromochloronitromethane
(CBr,CINO,) ¥ tribromonitromethane (CBrsNO,)+= CansynA}
(Canada)of| 4] F-ulj 8} S, trichloronitromethane (CCI;NO,)
2 Wako chemical (Japan)ol| 4] —tuljd}$t}. ESE, internal
standard2 A% 1,2-dibromopropane-> Sigma-AldrichA}

Table 1. Physico-chemical properties of 9 HNMs

(USA)2Q] A|ES Ag3tgon, JAA|= A& NaCl, NaxSO,
9 NHiCl2 == 99% ©]4e] MerckAH Germany)2] A&
AMgs ATt Ao AMEE 9279 HNMsol tigt &g -
3lst2 0l EAJS Table 10 Uehygich

2.2. SPME fiber

HNMs EXA] 22 2] SPME fiber A4S 93l |2 A
/o] thE 652 SPME fiberg& Aol AME-SHA 6
2£9] SPME fiberE2 SupelcoAHUSA)O| A Fuljdl$d o,
polydimethylsiloxane (PDMS, 100 um, 24 Ga), polydimethyl-
siloxane/divinylbenzene (PDMS/DVB, 65 um, 24 Ga), carboxen/
polydimethylsiloxane (CAR/PDMS, 85 um, 23 Ga), carboxen/
polydimethylsiloxane/divinylbenzene (CAR/PDMS/DVB, 50/
30 um, 23 Ga), polyethylene glycol (PEG, 60 pm, 23 Ga) Y
polyacrylate (PA, 85 um, 23 Ga)o|t}. Z}ZFe] SPME fiber
o) ATAYL AzALe] A w4 AT L& 240
T~300C, A1ZF 302-6039] WeIfol 4 A shelet.

23. ZFEEE N =Al A Mz MR

9%9] HNMs %&&E2 ZHzto] o) 1,000 mg/Le] &%=
Z gL o stock solutions THE 1,000 mg/LE
ZAE Z+zFe] stock solutions ©]83}o] 9£F2] HNMso|
gol | mglLe] Eegole AxelRou, of TEEAL
olgetol ARAL Agetaleh i EEBAS)A 12-
dibromopropane®] 7F-$+= 5 mg/Le] =2 ZA|5le] HNMs
A AL A7 2 BAA R tfs) 1 ug/LA rg
SplklngOPoﬂDP ES, H2E HNMRE2 9714 Ee 4
pH RIo| At 22 AA|9 Bebyatz ols) o 2A=
ARE AL A7} ol 2ol 21T wheka AL
RIS 9 0l AT R SRS 6 N
AHgstel AmEol pHE A HpH 3 oshow =
sel Aol AHgahsich

ru>4 o FM

2.4. SPME M 2| &R| & GC-ECDo| E2Mx A
9% 9] HNMs £4-2 SPME A 2] #%](GC sampler 80,
Agilent, USA)7} 525 GC-ECD (7890A, Agilent, USA)&

Compound Abbreviation CAS No, Formula MW, Boiling point (C)
Chloronitromethane CNM 1794-84-9 CH2CINO, 955 12259
Dichloronitromethane DCNM 7119-89-3 CHCI2NO, 1299 107?
Bromonitromethane BNM 563-70-2 CHoBrNO, 139.9 146~1487
Trichloronitromethane TCNM 76-06-2 CCIsNO, 164 4 1127
Bromochloronitromethane BCNM 13551-25-8 CHBIrCINO, 174 4 -
Bromodichloronitromethane BDCNM 918-01-4 CBrCIoNO» 208.8 11557
Dibromonitromethane DBNM 598-91-4 CHBrNO, 2188 152,79
Dibromochloronitromethane DBCNM 1184-89-0 CBrCINO» 2533 -
Tribromonitromethane TBNM 464-10-8 CBrsNO» 2977 1567

¥ Values from http://en wikipedia org
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Table 2. Analytical conditions of the SPME sampler and GC-ECD

SPME sampler

Vial size 20 mL (sample volume: 10 mL~16 mL)
Incubator . . .
temp, & time 50~90C & 3 min (agitation mode)
Extraction time 1~10 min
GC-ECD
Injection mode splitless
Inlet temp. 150-230C

(desorp. temp.)

Column flow 1.0 mL/min (constant)
Rate  Value Holdtime Run time
(C/min)  (C) (min) (min)
Initial - 40 5 5
Oventemp.  pomp1 5 80 7 20
Ramp 2 40 300 3 285
Post run - 310 15 30

ALg3l o, AL DB-5MS (Agilent, 30 m (L) x 0.25 mm
(ID) x 0.25 pm (film thickness))E AME-3}A T} 95 2] HNMs
=42 1%t SPME 4243 9F GC-ECDE| W3l =32
Table 20] e Q]ch.

Aol AR-E SPME A 242 9] vial 20 mL §-<]
AL AL3LP I, A BG4S 10~16 mL7R] HEAA 7FH
A HHz2E 2AFsEITh SPME A 2 =] of| A vial U
9] 7] - o H(equilibration)S ¢t ZAHSIO] 72, SPME
A 2] %% 9] incubator 2= (extraction %)= 50C~90T,
vial incubation AJ7F& 3802 THslo] AHFI o, ex-
traction A|7FS 18~1087) agitation =2 A slo] A|R
U9 9% 2] HNMsE viall] 9] headspace F-Eo 2 7|3}
AA HHe| 22 27 2ABIIC E, SPME fibero]
2 9% HNMsol thet 24 2ahew U eaa7h 2
ALE 93 GC-ECD9] inlet =4 ¥ A|7HE 22 150C~
230C W 0.55-4%e] o= WA AT G =4
o A= NaCli} NaxSOuE AFg5to] FJ2k 0-5 go] W9l
oM Mol A4A W ERIF A AWE sk

3. 4D L 7 E
3.1. HS-SPME GC-ECD M X H x| =35}
3.1.1. SPME fiber XHZ!0|| [}2 HNMs 2258
SPME fiber®] A&} target =& of thdt 22 o] =&
£, peak 2= U AESTAS 47] YA WS F
A 2A-gdnt? g 2™ SPME fiber52 ¢
AR #4S 913 ol AEel ol ek
9%2] HNMs £44] 2% 9] %882 Yehj= SPME
fiber A4S $l3ll 652 SPME fiberE AF&-3to] 959
HNMs z}Hz}o] tjdt 2% 58-S PDMS/DVB |22 SPME
peak HZ|H|-E(area/areapyspye) = Fig. 10 YEF AL} Fig. 1
oA B 2 9)=o] PDMS/DVB2} CAR/PDMS/DVB 22
AL AHeR $oE 2EEEE YL, 59 2
A AGRE ZE o2 A7) SPME fibero] B3l $-42gt
FEIIE BHTH
CAR/PDMS AR Q] H¢E AEA A H2 CHCINO,
(CNM), CHCLL,NO, (DCNM) 2 CH,BrNO, (BNM)o| tjj 3}
A et FEES BN eY 823 AEEY
HNMso| tisfjA= mf$ F2 &85 &S Hth. PDMS
A2 9% HNMso]| o3l HA= g 22882
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Fig. 104 & 4= 91%°] SPME fiber A& o] H+t F==
7](pore size)7} & PDMS/DVB£} CAR/PDMS/DVB7} 1182}
Ao HNMsFE<) 30 aupa oz vhepyel” CAR/
PDMS A& 9] SPME fiber= F& EA}FFo| 30~225 Ax
o] BxleFd) E32E, PDMS/DVB A &AL 50~300 # =9
B BA5e] B AR
DVB (divinylbenzene)?} CAR (carboxen)o] ZE % fiber

4 —
g I PDMS/DVB
(=]
) CAR/PDMS/DVB
s 3 PDMS
mn- BZ88 CAR/PDMS
o Pore
E 2+ size
©
o ¢
= % 7
s 1L 7
.0
=
] I
o J%@I I% I%@I %@ I%@ I%& %@ I%& I%@
o R
voicusay  CH2CINO,  CHCLNO, CH,BINO,  CCINO, CHBICINO, CHBICI,NO, CHB,NO, CBr,CINO, ~CBr;NO,
jolecular
weight (95.5) (129.9) (139.9) (164.4) (174.4) (208.8) (218.8) (253.3) (297.7)

Halonitromethane species

Fig. 1. Effect of material of the SPME fibers on the peak area counts of 9 THMs (sample vol: 10 mL, incubation temp_: 507,
extraction temp, and time: 50°C and 1 min, desorption temp. and time: 170°C and 1 min).
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relNS, (12.81 min)
CCI;NO, (10.80 min)
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5 10 15 20

Fig. 2. Chromatographic separation of 9 halonitromethane species using headspace-SPME GC-ECD analysis,

o] Ft 3FA7= 42 17AT 10A2 2 ol5 AH=2 =
8= fiberS& PDMS (polydimethylsiloxane), PA (poly-
acrylate) 2 PEG (polyethylene glycol)e} Zo] w+al ==&l Q]
fiberSol w3l Wlwz g2 B Heol s axtHgl
Aoz ofyA 9} >

6% 9] SPME fiber A2 HNMsol| o] =& 2278
< UEld CAR/PDMS/DVB A A3} PDMS/DVB 7 & 2]
SPMEE AR5l E-443F chromatogram=- Fig. 2] YERH
th. Fig. 20 4] & 4= gl%z°] Fig. 2@l YEldH CAR/PDMS/

olaf Hejso] uj$ Wkt Fig. 2(b)ell Lrehdl PDMS/DVB
A o] SPME fiberg AHESH Z9-oll= B4 27| H&
H&= AEA HNMs9| peak ZHEAFo| &3] TrastsTt
weka] Ao QA IS nEste] o]Fe] mE
A8 o] A= PDMS/DVB A2 2] SPME fiberZ Al-8-3}%T}.

3.1.2. A| 2= Q9| XX}
Headspace-SPME £4-2 SPME fiber ZE A& (LAY, 7]
g B Y] Al 7HA] Adphase)oll A9 24 diAEEE2

DVB A &S ALR3F chromatogram®] 79 BA 27]0] o}ekg & (equilibrium)S H2| 2 3 A2 O = headspace
AE=+= A=A HNMs9| peak=9] & H(tailing) FF o= o] BEAEHES Lx=X headspace volumeo] &J&EZo|
25
CJ10mL
- [ 12mL
E 20 14mL
© L B 16mL
g 15}
©
e
s 1.0
.0
5 osf
14 i
0.0
CH,CINO, CHCINO, CH,BINO, CCI,NO, CHBICINO, CHBrCI,NO, CHBr,NO, CBr,CINO, CBr,NO,

Halonitromethane species
Fig. 3. Effect of the sample vol, on the extraction efficiency of 9 HNMs (SPME fiber: PDMS/DVB, incubation temp.: 50°C, extraction
temp. and time: 50C and 1 min, desorption temp. and time: 170C and 1 min).
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o el B ATl HAH ARs ool 2EL 9
20 mL 89| vialS AFR35lo] A|E4 9FL 10~16 mLE2
HIA 7| HA AR A0E Alms o 10 mL 2210 tigh
peak ™ A H|E(area/area 1o m) 2 Fig. 39 YEFUQIT) Fig. 3
ol % % gEo] AR ool S7F45 950] HNMse)
&2 F7eIo, HH ARd FE ol%e] A
TEate] 12 mL (vial 83F9) 60%)2 Atk

ol

%
=4

ftfo

3.1.3. £& 2= U A|Zte] £|X{35}

Headspace-SPME EA4]A] 4=320f ZA)35}= HNMsS 3
(liquid phase)o]| 4] 7]3(gas phase)o. 2 7|3}A|#H A SPME
fiberol] SZA|H EA7)= A& FF(extraction)o]2} 51,

Adutr o g & 2% 9} SPME fiber7} headspace F-3-of

HEEN X588 FASt: FEA] 5 58 &
Qe ). Fig. 4015 9%0) HNMs®] 3% &S o]
7] €18 SPME AX2]A%] oven? &%ZE 50T~90C 714

WMSHAA Z12e] HNMso| that 3 E82 oven £ 50
Cof oigt peak HZ|H]-E(area/area sov) = Fig. 40 eI
Fig. 4ol 4 & 4= Ql%o] W& B2l CNM (CH.CINOy),
DCNM (CHCLNO,) 2 BNM (CHBINO,)¢|] 7S =z
27t S7VEeE & 580 JXHOR HAsG o,

=2 Bx22F9] DBNM (CHBr,NO,), DBCNM (CBr,CINO,)

3.0

9 TBNM (CBr;NO») 9| A 9= & 2=7t S71345 =

£&0] HUHOR ZASGT. QO HEA 2
HnA 3o 2roAe 1i8x 450 vis) 4
18F617] wjiZof] 50T~60C 2] oven 2=olA 2|49 =
a&S Uehglen, 124 8459 4%+ 70C~80
o] oven 2=ollA XA =& A&S YU da
FAEEY 54 B45 918l HS-SPME A A 2 o]
A3t Allard 5731} Luo 57
AURENAE =5 27t dsdrs Aed =4
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B WEAA 27ke] HNMsol 3t 35 58S BEA
7+ 189 thgt peak HZA H]LS(area/area | mn)= Fig. 50 Y
EFU e

Fig. 5914 & = Ql5zo] A4 HNMs®| 4 -9-+=
& F7THAE FEaE0e & Wit gldley
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=
&0] stk

ot
L
n
@'
>
L
1o
o|N

N
N
=2
=
S

ol
ok
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S 15F
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2 I
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& 05
0.0 2 ZIN 2N

CH,CINO, CHCLNO, CH,BrNO, CCI,NO,

CHBICINO, CHBrCI,NO, CHBr,NO, CBr,CINO,

CBr,NO,

Halonitromethane species
Fig. 4. Effect of the extraction temp, on the extraction efficiency of 9 HNMs (SPME fiber: PDMS/DVB, sample vol.: 12 mL, extraction

time: 1 min, desorption temp. and time: 170°C and 1 min),

= 1 1min
E ar 777 3 min
8 N 5 min
& 3f 7 min
= .
g E== 10 min
S
8 2F
)
w 1
(14

0

CH,CINO, CHCI,NO, CH,BrNO, CCLNO,

CHBICINO, CHBrCI,NO, CHBr,NO, CBr,CINO,

CBr,NO,

Halonitromethane species

Fig. 5. Effect of the extraction time on the extraction efficiency of 9 HNMs (SPME fiber: PDMS/DVB, sample vol: 12 mL, incuba-

tion temp.: 70C, extraction temp.: 70°C, desorption temp. and time: 170C and 1 min).
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DBNM (CHBr,NO,)3+ TBNM (CBr3NO,)
= ARt U] 7E9] HNMs= FEAI7F 7204 2+
37t H= A& & 4 Qi B|E DBNMIZF TBNMO| 79
o= SPME fiber®} F2E o= =Gt xstglon,
Fig. 20 Yt Size] A&A E47¢ CNM (CH:CINOy),
DCNM (CHCLNO,) ¥ BNM (CH,BINO,) 5o u]3}te] 7t
L(sensitivity) 7} 7] wjiEol E&AQ HAS 9 EAAE
AAE Sl FEAE TReE AAste o, o]fo A

Ho A FEANE 7R R uHste] AFs

3.1.4. &bt 2 91 A|ZHe| x| ™5}t

SPME-GC A|A®lofA SPME fibero] g2t #4142
%25 GCY injection port(F=Y )04 SPME fiberZH-E
&=tz thermal desorption) %20 3WE]o] GC HYOo R o|F
Hrt whebs SPME fibero| A £4E4 9 G2k 93 &2t

35
3.0 N
25|
20|
15|

1.0

ool Bah A7k B4 hEe] YRS 2l Fas o
5 % shuolt). wk B2 %L SPME fibers] AdAlm
BAE0) 9 g Telste] HdsA AT

Fig. 6olli= 9% HNMs9] & a&5 %°|7] I8 GC-
ECD injection port®] %% 150C~230C7t%] WH3IIAA
Z+ZFo] HNMsoj| tfgt % &8-3 GC injection port 2=
150°C o] o3t peak ™A W]|-8(area/area 150c)% Fig. 6] L}E}
WAt Fig. 604 & 4 9J5%0] CNM (CH,CINO,), DCNM
(CHCLNO,) 2 BNM (CH,BrNO,) @ 7+e #Hz} HNME
oM HE eVt 305 92 250 H|gte] =& &
£0] A5 24 TCNM (CCI3NOz), BDCNM (CHBrCILNO,),
DBCNM (CBr:CINO;) @ TBNM (CBrsNO»)TF ZHS- tri-
HNME-2 GC injection port®] 2L=(Ez &o)7} Al
2 guRen 23 ago| gadtt Ao Uepit of
= tri-HNME2 JL2oA dF oz oo ZQHg3t Zlos
de A glom, dukAl GC injection porto] &=l
200C~250TC AEo A% 50% o]Ato] EE3](thermal decom-
position) =] ,*” 140TC~170C Ato]2] oA v|mA] <F
Al Rog BuEget) wtebd wi-HNMES] &
a5 ejste] g = 170C R AAstglon, o34
ARolAE B3 LS 1700E 2gste] Agakalc

23 G2 A7k MRS Slsto] B2 AZHE 0.5%

45712 WSkAA Z12he] HNMso| tjgh 2% 58S 93
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170°C
190°C
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0.0

CH,CINO, CHCLNO, CH,BINO, CCI,NO,

CHBrCINO, CHBrCI,NO, CHBr,NO, CBr,CINO,

CBr,NO,

Halonitromethane species

Fig. 6. Effect of the desorption temp. on the extraction efficiency of 9 HNMs (SPME fiber: PDMS/DVB, sample vol.: 12 mL, incubation
temp.: 70°C, extraction temp. and time: 70°C and 7 min, desorption time: 1 min).
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Fig. 7. Effect of the desorption time on the extraction efficiency of 9 HNMs (SPME fiber: PDMS/DVB, sample vol.: 12 mL, incubation
temp.: 70C, extraction temp. and time: 70C and 7 min, desorption temp.: 170C).
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Table 3. Demonstration of method performance. Linearity range,
LOD, LOQ and repeatability based on a 1,000 ng/L stan-
dard for 9 HNMs

Linearity Repeatability
Compound ) Lob - Loa Mean RSD
Range (ng/L) r (ng/L) (ng/L) (gl (%)

CH:2CINO, 10°~10° 09974 190 610 860 61
CHCI.NO, 10°~10° 09930 120 390 1,100 40
CH2BrNO, 10%~10° 09952 260 840 770 84
CCIsNO, 10%~10° 09908 170 550 1,170 55

CHBICINO; 10°~10° 09914 120 390 1,020 39
CHBrCLNO,  10°~10° 09979 130 410 1,021 41
CHBILNO, 10°~10° 09964 130 420 980 42
CBrCINO, 5x10°~2x10" 09996 150 480 1,140 48
CHBrNO; 5x10°~2x10° 09986 90 270 1,190 27

3 - -
(c) CHBICINO, (d) CHB,NO, (e) CHBr,NO,

= Na,SO,
—— NaCl

0 0
12 3 4 5 01 2 3 45 01 2 3 4°5

Salt dosage (g)
Fig. 8. Effect of the addition of sodium chloride and sodium sulfate on the extraction efficiencies of 9 HNMs (SPME fiber: PDMS/
DVB, sample vol: 12 mL, incubation temp.: 70C, extraction temp. and time: 70°C and 7 min, desorption temp. and time:

170C and 0.5 min),
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Table 4. Estimated concentrations and relative standard deviations (RSD) of 9 HNMs spiked at 1,000 ng/L in 3 different water (n=5)

Water matrices

Compound Ultrapure water (DOC = 0,15 mg/L) Tap water (DOC = 1,65 mg/L) Sea water (DOC =N A)
Mean (ng/L) Recovery (%) RSD (%) Mean (ng/L) Recovery (%) RSD (%) Mean (ng/L) Recovery (%) RSD (%)
CH2CINO, 960 96 6.1 1160 116 9.1 840 84 6.8
CHCIoNO, 1100 110 40 1120 112 19 1270 127 07
CH2BrNO, 970 97 84 820 82 96 870 87 6.1
CCIsNO2 1170 117 55 1140 114 18 1160 116 58
CHBIrCINO, 1020 102 39 1100 110 59 1240 124 0.9
CHBrCILNO» 1021 102 41 1160 116 89 1100 110 44
CHBra2NO2 980 98 42 1060 106 37 1180 118 24
CBr,CINO2 1140 114 48 1160 116 93 940 94 27
CHBrsNO» 1190 119 27 1050 105 86 800 80 14

*N.A.: not analyzed
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