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ABSTRACT : High-performance liquid chromatography(HPLC) and fluorescence derivatization were applied for a trace-level N-nitrosodi-
methylamine(NDMA) analysis of water samples. Fluorescence intensity was optimized with the excitation wavelength of 340 nm and the emi-
ssion wavelength of 530 nm. pH adjustment after denitrosation was necessary to get a maximum intensity at pH between 9 and 12.
Maximum intensity was found with a dansyl chloride concentration of 330 to 500 mg/L. Percentile error in the water sample analyses through
solid phase extraction was 12-162% and 6-23% for the lower concentration level(10-200 ng/LL NDMA) and the higher level(100-1000 ng/L
NDMA), respectively, showing more discrepancy in lower level. However, the average ratios of estimated NDMA to the standard NDMA
were close to 1 for both concentration ranges, presenting this HPLC method could detect from tens to hundreds nanograms NDMA per
liter. Accurate determination of NDMA, which was injected to a wastewater effluent, revealed the selectivity of fluorescence derivatization for
the target compound(NDMA) in the presence of complex interfering compounds. The HPLC with fluorescence derivatization may be appli-
cable for determining NDMA of water and wastewater samples for various research purposes.
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Q0F : B AT A& fluorescence derivatization 718 # HPLCE o] &3te] 4Zol| nanograms per liter2 &3]3l v N-nitrosodi-
methylamineNDMA)E 24181314} &gt} o) 2 Q8] AR gt =2 ol 49 fluorescence intensity S 578 T E M derivatization 7]
He A3l =1, fluorescence detector®) excitation/emission wavelength= 340 nm(excitation)¥} 530 nm(emission)ol| A}, denitrosation
T 899 pHE 9-129) ¥$oA, 2] dansyl chloride?] HE¥& 330-500 mg/L Hsiolx, ) fluorescence intensityS B Fth
2L 53 £4 A8Y BHdA, BE2EES ASFEY Aol AEE(10-200 ng/l) HlolA 12-162% 15 E(100-1000 ng/L)
HHAA 6-23%F Hoj, AT WM o B2 A7t Ue ALE Uyeygoy F 5k WY BT EfEs:s dev=9 ¥
gu)go] 1o vh¢ 288 %), 4914 59 nanograms NDMA per liters] £4)0] 7t58E HAFAG A Aelsd F
4t NDMAY BEMAE & Edd 93 Hdglol 3e = AEo) s ed, o BJEDAE AE3eR H’“;HLH“
derivatization 3o ¢Jgt A= bkt HPLCY fluorescence derivatization 7188 ©]-£3F NDMAS] EAL A 4 3¢E ALE
st TS 438 A7oiA NDMAS EASs dHez afF oz AEE £ 91 Zolth

FM|0] : MN-nitrosodimethylamine(NDMA), HPLC, Fluorescence Derivatization, Dansyl Chloride, &7 ] &

1.ME 23 AY452 AdR5Eos FYse ¢ BY ol
2] Aol ALENN U 2 BAR PaHAn BA,

N-nitrosodimethylamine(NDMA)+= 0.7 ng/Lol|A] @ glE 85014 NDMAS) th§ A= fley v= B2 ot

1o

Qo) Y HFEL BY WF WY Asyol ¥ gaz, o BT NDMA Ege] Hep 10 ng/LZ action level
Tt 8o &4, 284 5 o A Aoz & 2 Asxz Aok deka olaid Fu)Hrace-level) NDMA
#AA Ao 237 2R T EAH= NDMAE SER o #F ATE FH3y] AN AES EATEY &8
Be $x2 A44 NDMAE A2g ol Bl qiew, O WIF S8 A7 Ao :

H)Z, chemical ionization mode$} tandem mass spectro-
T Corresponding author metryS ©]-83F gas chromatography £-4%(GC/CI/MS/MS)

E-mail: hechoi@gist.ac kr

oz FHu 1 ng/L7x NDMAS BAo] 7lsaA e 17
Tel: 062-970-2441 Fax: 062-970-2434 A 1 ngL7A o 24 i '

kot ZotelX| 283 22, 20063 2¢



224 Z+2-A] - Peter Fox + Brijesh Nalinakumari - 2313

o] BAZY 249 8 olEgoz A oA
we AF dAFEo] micrograms per liter & milligrams per
liter 5= WA ol Fol AL ek FeH £ AN
AAoew EXo| 443 Arie] Zn|el high-performance
liquid chromatography(HPLC)$} fluorescence detectorE ©]-&
8] 8 AlRo] £4)3= nanograms per liter F% H$ 9
NDMAE BAsl= AL EXF 39tk HPLCY fluorescence
derivatization & ©] &3 NDMAY BAL 7]&9] ultra-violet
(UV) detectort} UV spectrometerE o] €3 EAgH BT 3
WA 1he AEWA(detection liminE HelFE RS vekgt
o} F2 24, gld7) Fo) TeHo] Y= NDMAS B
Aol AHEEFAT FAEAN & AHgE H7h giek

Fluorescence derivatization 7)8-& Fig. 17 2& #3-&
53] NDMAE 24384 Aot WA denitrosation?] I3 &
53l NDMA7} secondary amine(dimethylamine, DMA)2.2 3
453 o)ZA AAY DMAE derivatizing reagent?] dansyl
chloride®} ¥r2-A1#A fluorescence detectoro| Xl A&stA Atk
319, fluorescence derivatization 7]¥-& ©] &35 NDMAY &
e avAgeit B4 2356 Aol7t QoA o] ¢
BE AR gside 1A, gEFd =AY fluorescence
intensity & &7, vwgoB2H HFH B4 270E I A
g e s}

# &7 NDMA9| A& gA(detection limit) F=E 717]
o] AZeAS A7 AXE HBANANY 5F A= AF
Aok A E &9 e 5482 @iy adEe
2 FEs=vd e A& 5=t 23EA 2 &F
o E£Ast= NDMAY £A4E fiHe f#7]&05E(sol-
vent extraction)o] PR3], Yutgd oz wo] ALLHE liquid-
liquid extraction® AF&-H= §7)8u]e] A& vl&) 35
E(recovery rate)o] 2 RoE FEA Ut A, o
7HA ot & Y E= v (media)Eo] AYHL FE
3 5ol fed, B d7dMe ddyeE g2 H05-2
liters)e] AlBE dEFHoR AN 5 Ao FEFAFL
22X BEXREAS F&T 7 U AUFHLE A2 29 &
718} & AFE&= solid phase extraction(SPE) 8 & AL&
El =g

CH, H
N HBr + CH,COOH )
RS HC™ “CH,
o]
NDMA . ., dimethylamine
Denitrosation
HC My HLC, -CHs
i
AN _
o, v OO e
sG,
S0,C1 |
dimethylamine dansyl chloride H,C™ “CH,

dansyl amine
Derivatization

Fig. 1. Reactions in NDMA analysis with fluorescence deriva-
tization.
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2 AFAAE Sz EX5e NDMAS E42 9
& m7rel A7 giale] wmd BAFols Fu|e +4
o] 219 BAMA 0 Z fluorescence derivatization 713} HPLC
£ olg3 wie HrlstnAd Atk £ £33 A8E of
23 AXY HFT 71718 E &3 $50 nanograms per

liter $E2 £A5H= NDMAS) 240 7}53AE gobr
17 Sk
2. A

2.1, AleF H EH|

2 AFeA AM2" NDMA, DMA, dansyl chloride(5-
dimethylamino-1-naphthalenesulfonyl chloride)= Sigma-Aldrich
M Fohsted WEe A2iglel AT NDMA 539
(1 glL)& dichloromethaneg &2 dlo FH|&tHe I
23 552 49 Agadth £4 24 A% 34
g 2= methanol g AFE-8+ T} Denitrosation reagent:= 10
mL volumetric flaske| 4] 48% aqueous hydrobromic acid 1 mL
¢} glacial acetic acidE 7 EFsle] FHlstH T Dansyl
chloride reagenty Th3H 9H(5~100 mg)e] dansyl chloride
£ 50 mL9 acetoned] =i FHSHOH FE W=
100~2000 mg/L7} H %2 &tgdth. Dansyl chiorides} %Hg-
NF17] Aol 289 pHE A&7 98 1 M NaOHe} 0.5
M NaHCO: & A&t

Dansyl chloride$} w23l A E+& Waters HPLCol| 22+
Nova-Pak® C-18 Z(3.9x150 mm, Y72 4 um)S 53] Waters
2475 Multi & Fluorescence detectorel] 2Jsix AE&H AT o]
EAH(mobile phase) 2.2 HPLC-grade acetonitrile} deionized
water(DI water)& 2:19] Fou|2 EAF &AL ALESIA
on ol34Y #4& 1 mL/mineg 34t

2.2. Denitrosation

NDMAE secondary amineq] DMAZ &gst7] S8, 43
=x9o] NDMAE gl Qe EFE9(in dichloromethane)
100 pLE 1-mL HPLC viald] ¥2 ¥ 10 pL¢] denitrosa-
tion reagent® F{ISkA 3087 wrSAZAT Lol Vialg
heating block(60°C)el] Y& & 2082 E¢ ¥ sto] #7184
ufj (dichloromethane)Z $)*¢A]|7]3 thA] 40°C¢] heating block
A 1A B¢ wRsle] FF {99 (hydrobromic acid®}t
acetic acid)& 25 FdrFHTh o]FA Fo M, A8 pH
z4e A% T & A9

2.3. Dansylation

DenitrosationS Ea)A AdE DMAS} fluorescence derivati-
zing reagentq! danyl chloride® ¥H3-Al7)= #3& dansyla-
tiono] gt gt} Dansylation QA% pHollA wh-go] Uoj
vz HFF pHY o] dasith o] $3 200 ul.g
0.5 M NaHCO;¢ RA%e] 1 M NaOHE, denitorsation©]
¢ 1-mL viald] F989 0 pH 2FE A8 150 pLe]



HPLC2} Fluorescence Derivatization 71'3-& ©]83 =u|zk NDMAS] +FEA 225

dansyl chloride reagent& FU& & 40°CS] heating blocks]]
A 308 ¢ vhEAIZL & thA] 100 pLe) ZF(DI water)
£ #H7ISE ¥, HPLC$} fluorescence detector £ 31t}
Dansylation®} #3d& A A-Enit} 2akA] dansylation?] =
HxAE e Aol a3t ol 98} A8 pH, dansyl
chloride® ¥X% 273 fluorescence detector?] excitation/
emission wavelength Tl fluorescence intensityd) #3lE 3
Zeta ol EURE HF 218 =389

2.4. Solid phase extraction(SPE)

T4 AR $9 NDMAE F&37] s £ AFHE
Supelco 12-port Visiprep Solid Phase Extraction Vacuum Ma-
nifoldE AM23}4th SPE tube= 7] &ujel wleo g Q%
FE& BAY 98 MY Rl ALE AREReH,
A& NaHCO; 2 gLE F93to] pHE < 822 23 &
Teflon tubingS €8] vacuum manifoldo] ZZ¥ SPE tube
E FUAHAT 3% 2 2= NDMAo] vlad & whgshs
Aoz 47 mesh size 20-50(FA 297-840 um)S] Amber-
sorb 5728 ARE8Hen Z+ SPE tubed] 1500 mg¥ =3
SFE T Ambersorb 5729] A 2] hexane, dichloromethane,
methanol, DI watere] &M 2 Ztzte] &9 15 mLE AL&
st o] FojF Tk AJ8(100 E& 500 mL)= <F -1.2 psi<]
A F(vacuum)g 716l 1 = 5 mL/minC 2 FYP3o =
PAIZO] OF 100%0] HEZF stk A8 Fo] B
F -4.9 psig] HF(vacuum)L 78l Ambersorb 5729
dolle Wi 588 AASNAL. /7189 F&28
Q13 7 mL9) dichloromethane & <F 1A]7F E¢F &z o g
SPE tbe2 FHHUTE AoyFl F&Ao X3e wFe £
2 5 g anhydrous sodium sulfateE AM235}o] A A3 )
Anhydrous sodium sulfated]] ZHats FEHL 345357 9
3 F715 22 3 mLY dichloromethane S EFA|A, Z+ A
22 FHY & F&4L 10 mL7} I}

FE2IAL 2&5 AAE o] &38ld <k 40°C9) heating block
A 1 mL7lA s&§Fe™, 1-mL HPLC viald] &3 %
Al 200 plAA] Bk w28 A8 denitrosation
dansylationg A3 ¥ HPLCAA A&HYTH

o

3. ot 3 i3

3.1. Flourescence derivatization®| %|& 3}

3.1.1. Excitation/emission wavelengths

Derivatized DMA+= excitation 37204 A& &35}
31 emission WA & F(fluorescent) E4-& JeERAT) Fluo-
rescence detector®] A ZAL A7) &) vhLd excitation/
emission 3}Zg AL Rt} Fluorescence intensity=
340 nme] excitation T3 530 nme} emission FFo|A H
ke et Aed(Fig. 2), ole @A shue oojn o
2 3 21 L o8 HPME FUS AA vpgo| #F
HIk vlE A intensity’} 340 nm(excitation)$} 530 nm

1.0
Emission wavelength at 530 nm (a)
0.8
Z
|23
g 06
E
2
3 0.4
©
©
0.2
0.0
280 300 320 340 360 380 400
Ex wavelength (nm)
1.0
Excitation wavelength at 340 nm (b)
0.8
Z
[2]
g 0.6
E
s
& 0.4
[
©
0.2
0.0
450 500 550 600

Em wavelength (nm)

Fig. 2. Fluorescence intensity at different wavelengths of ex-
citation(Ex) and emission(Em). (a) emission wave-
length was fixed at 530 nm, (b) excitation wavelength
was fixed at 340 nm. n=3.

(emission)®] A Aozt ez, £10 nme 3
o] fluorescence intensityol] F& Xpol7} A gormg B o
TN goix H4 AN £10 AR WAL A
ggojgta & F & ZAojrh o|FHTF AA= o)A ATE
ANA AR Thgo] RHe ApolE Holg Ag HAEE
Ae Aot B Ao A 340 nm(excitation), 530 nm
(emission)Z fluorescent detector®] & ZAo 2 AL&3H9ch

31.2. pH

Derivatizationo]| 4 dansyl chlorideE AF&S o], 4tz o
Z pHEZ 9-102.2 ZFE3}=d] o] dansyl chlorider} k&
Zre] Aejold] DMASH ¥h3817] g &olrt!) e g9
237} 500 uL olstel FHlA piig 2PN AR &
o mehd 2 AToAE AEe] B7keke | M NaOHe) ¢
& 2EFOZA &9 pHE ZFstaA st 4P A,
secondary amine(DMA)®] derivatization2 &% 2] pHol| =LA
TS B A0 F e Fig 3(a)dl debd e 3o,
80 pL9 NaOHE A71d w714 fluorescence intensity= #
9] zolE Rolx Ftrt 90 pLgt 100 pLe) NaOHE A7}
SHEA intensity’} FESHA Z4ste AE E 5 vk
Fig. 3(b)9) x&F2 Tig. 3(a)® NaOH H7}d] Wi #z
o) pHE Yehdth 2+ AR pHE F3sl7] 93 Alge ¥
A% o N2 ERA pHE SSATh 794 gag

pH7} 136 =28)S o fluorescence intensity= FASHA 7+

L ooty Zotol x| 287 22, 2006'H 2@



226 292 - Peter Fox - Brijesh Nalinakumari - 3383

-
o

(a)

Relative intensity
o o o
FS > o

o
[N

o

o
o
[N
S

40 60 80 100 120
1M NaOH (pL)

(b)

Relative intensity
o o o
> o o

o
N

0

9 10 1 12 13 14
pH

Fig. 3. pH dependence of fluorescence intensity in derivatiza-
tion of DMA upon (a) addition of 1 M NaOH, (b)
corresponding pH to NaOH addition. n=3.

&3e AE & ¢ Utk ol§ B3, intensityE AR 517
AME &49) pHIL 9-129] W]l ojor FE & =
Ak £ AFANE 50 pl9 NaOHE H7lste] FF pH
Z23& HEJT

3.1.3. Dansyl chloride2| 5=

AZ & F5(100-2000 mg/L in acetone)®] dansyl chlo-
rideE o] &3t DMASQ) derivatizationg E3) dansyl chlorided]
A3 355 Forrgth 330 mg/L o429 BEd A fluo-
rescence intensitys= A2 22 AEE F-AHUAHFig. 4(a)).
24, blank A& A& dansyl chlorided] BE7} 2743
w2} intensity7t F7tsbe A& B F AATHFig. 4b)).
Blank A|89} intensity7} Z7}8pd 2 93 HPLCY detec-
tion limit2 solxlA fv}. wekr 330-500 mg/L.71 dansyl
chlorided] #HAsxz AU} o)ldoiA AFsH =A
= o] £ $£3 A8 A0 FYA FEAUT

32, =& A|20]| =&l NDMAS =M

3.2.1. Denitrosation &2

HPLC9} fluorescence detectorS ©]-83 NDMASQ] R
4] NDMA% WA denitrosation?] #FAL AXA s=d),
o] A N-NOZZo] AAHM NDMAE DMAZ u}
HA Ha o|EA MA ¥ DMAY} dansyl chlorides} vlg
te] fluorescent derivative® A stAl Ht}. Denitrosation
9] Z &L denitrosated NDMASQ] fluorescence intensity &
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Fig. 4. Fluorescence intensity of derivatives at various con-
centrations of dansyl chloride. (a) standard solution,
(b) blank sample. n=4.

Table 1. Transformation of NDMA to DMA(denitrosation)
n=6)

NDMA(ng) Theoretical DMA | Transformed | Denitrosation
¢ formation(ng) DMA(ng)* efficiency(%)
100 61 592 + 17 97.1 + 2.8

* calculated from the fluorescence intensity of denitrosated NDMA
using DMA calibration curve

DMAS] 52 vHeil 1 3h& ©|£3¢ DMA A4 =%
Hage 2y A4 4 gtk Table 19 F) g Aol A
A, B AFAANA denitrosation FFANA S NDMA &4&
A ge Aoz eyt

3.22. &32| S0]|2F NDMA M

T2 Alge] Fv|Ee] NDMAE FUT F, A 59 AAE
F(solid phase extraction)}E A3 NDMAE #7|&uj=
g8 o] BA3to 2R Fu)FK(nanograms per liter)<)
NDMAS] HEo| 7FedA] gotugtth ©l& ¢35l NDMA
9 BE WIE T WAR Urold 242 sged, A
= H9(10-200 ng/L)9] Al8%, 84 NDMAS] Y(mass)
st 500 mLe] ¥ E AMSEIL, AEsE U
(100-1000 ng/l)e] A& 2L ol 42 100 mLe] &
A s

Fig. 5o #&&X%(standard NDMA)$} & &5 = (estimated
NDMA)E vt Jehfdct AE5EE 757 98,

o H
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WA HPLC fluorescence intensitydl] T3 NDMA EFAIR
(in dichloromethane)el] th$k calibration curveE W& t}g,
o]& o]&3] solid phase extraction HFL &3 28 &
7189 52 NDMA9Q| Hmass)& Zotdth 2+ 5= W
oA 24H NDMAS Hmass)oll, oiz] W] W8 AFoA
Aol 4 5E W9 BF FF&(recovery raie) 60.9%
(AE= E9), 5.66(IsE HNE HEstd, 2 A8 F
o] NDMA9] Y(mass)& Lobd F, o] g 7] F¥(100 =
£ 500 mL)Z uU5ojAd NDMAY AEFEE st

Z B HYIXY EFEFES AEFEY Aol AHE
H, Ak HYdA 12-162%, 1EE FANA 6-23%E R
d, Ax: B4 6 B2 2oyt v AL & F Ut
ABE HHAY B} & FEXolE AR HAEY F
ZA(solid phase extraction)o}] AEE B¢ NDMA #A&d)| 1
Ae 9T HAEY JY, o8 & Aoz BT
31 EEFES AEFEY HeE Wy o] LMAFE ¥
e 0942 B = BHE 19 - 2 1o, F40A
<4 nanograms NDMA per liter®] £Ao] 7158 RAF
Aok FE, 100~1000 ng/LY) 31EE A9 NDMA
AeL & tFFoz Yeihth B AdA signal to
noise ratio 32 ©]&3F HPLCY) A9 instrument detection limit
£ 113 pgolAtt. EFAIEE 10 ng/LAME fluorescence
intensityE R.o|A| gt 2 ko] blank A]E.2] noise FH 2
o] signal to noise ratio 32 -85 30 ng/L7A] &Fo)
7bestthal & 4 Uk

300

500 ml sample (a)
250 y = 1.04x
2
2 R°=0.90
-]
£ 200
<
S
Z 150
o
2
£ 100 ¢
i
w
50 o ¢
0
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1200
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=
-]
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3
2 600
°
8
o
E 400
®
us
200
L)
0
0 200 400 600 800 1000 1200

Standard NDMA (ng/L)
Fig. 5. NDMA detection in the water samples through solid

phase extraction for (a) lower-concentration level and
(b) higher-concentration level.

Intensity, mV

Time, min
Fig. 6. Chromatograms of NDMA: a. 1000 ng/L in waste-
water effluent, b. 1000 ng/L in DI water, c. 200
ng/L in wastewater effluent, d. 200 ng/L in DI water.
sample volume: 100 mL.

Fluorescence derivatization 7133 HPLCE ©]£% NDMA
9] BAo] FlAle & O r|e AEF EA(selective an-
alysis)olgte Holth. gtz oz g4 AYF e TR
& M EA(interference)o] 2L 1] GC & o] &%
o BFHEAY Md(selectivity)d] B2 ol#HEE Atk o
A5k B QF AHEE derivatization 7V H & o] 8% B,
derivatizationg 3] EHEDE @A AEE + e 2
< 7HAT QQoid e EZY A 9F 49 o=HE
< J& 5 Atk 44 sAYF M5 NDMAE F4
& % gul3E3 derivatizationd A HPLCE 53 ¢& =
2rlEI#(Fig. 6914 & § ARl AT AHFE
o] & E4o|M %= NDMA peak 9]o] Th& peako] A< e}
UA 42 & 5 Uk AZnEIY 279 vehde
499 peak-S hydroxides} ¥Hg3 ZF dansyl chloridee] ¢
g Roltt.

4.2 B

B QF A& fluorescence derivatization 7133 HPLCE
o] &8te] %o nanograms per liter2 A= FU|F
NDMAZ BAHataA hgieh ol %) WA e 24
ol A1) fluorescence intensityE &3 2. 2M fluorescence
derivatization 7)}& FFFFHPAL o|E BWFE&EL 5%
3 g9 B4 FHAEsH AEE(10-200 ng/l) HH
9] NDMA EAMdx ttd 2 Xol(percentile error)E 2
o7l oy EFFEY AEFEY Hd tiH o) 19
VA A NA 9 nanograms per liter B¢ <] NDMA £
Aol s Ao veRtth B3, GC 24 e H)3,
2 dFoA ARE HPLC AL Jodez dst
o A8E) A€ 3B AT e Ao vehged,
o]%= derivatization ¥3 & £ EFHEZ NDMAE 35
49 ge EPFANE AEA0E BN & 97 o
Fo)9tl. HPLC$ fluorescence derivatization 718 ©] 83t
NDMASY 242 2449 £3] 58 AMEshe ddd A48
A7 A NDMAE EXSE PPos addoz ARE

Lorety 3otel x| 283 2%, 2006 2
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