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Determination of N,N-Dimethylformamide in Ambient Air

Using Adsorption Sampling and Thermal Desorption with
GC/MS Analysis
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Abstract

The purpose of this study is to evaluate a method for the measurement of N,N-Dimethylformamide (DMF) and to
apply the method to the ambient air samples. For the determination of DMF together with other general VOCs (e.g.,
benzene, toluene, and xylenes), adsorption sampling and thermal desorption with GC/MS was used in this study.
The sampling and analytical approaches tested in this study showed a good repeatability and linearity with lower
detection limits of less than 0.35 ppb. Field measurements were carried out at three industrial sites (Daegu-Seongseo,
Siwha and Banwall industrial complexes) and one residential site in Daegu city during a period from October 2006
to November 2008. DMF was detected in 71.8% of the total samples from the Seongseo industrial complex, well
known for textile industry. In contrast, DMF was detected in only 20.4% and 12.9% of all the samples from the
other two sites in Banwall and Siwha industrial complexes, respectively. This implies that sources of DMF should
be strongly associated with textile industry. The mean concentration of DMF also appeared to be the highest in
Seongseo site (5.95 ppb), followed by a residential site in Daegu (3.28 ppb), Banwall (0.88 ppb) and Siwha (0.55 ppb).
In this study, we demonstrated the environmental significance of DMF in urban ambient air. To our knowledge, the
DMF measurement introduced in this paper is the first case of an official report in Korea.

Key words : N,N-Dimethylformamide, Ambient air, Adsorption sampling, Thermal desorption, GC

*Corresponding author.
Tel : +82-(0)53-810-2544, E-mail : sobaek @yuw.ac kr

J. KOSAE Vol. 26, No. 4 (2010



358 Al $EA - ol ofUE - AN - WS

1. A e

N,N-Dimethylformamide (]38} DMF)¥ AR2-ej 4|
T2 Az B2 B4 BHEA WF A
A4 (Clean Air Act)ollA] A8k 188382 HAPsel|
E3Ec) Sl ME DMF7L 8789 Ex0)
s Edells 2EHA] ghovt 48%9 A
A2l 2§ ek 715449l DMF
E Eoly B9, o-opEolE, AR 53 22
7% §714)eke] E3lerl Fol A MAHez
2] AR-E 3 9Jt} (Chang ef al., 2005; Knupp et al.,
2005). DMFE F2. A$¢A), Eejd, o=l A4,
4715 9 ooRF Az Foll AgEH, g
g oz nele] ISR F&, FdE AA, 7|
A, B9, 7t Holzegel Ha4 Fog AR-EC
(OSHA, 2009; Chang et al., 2005; Knupp et al., 2005;
Simonsen and Laund, 1992).

DMES) 93 AR QA x2S AdlA
2FM} A4 214 BRAEE Ba) ol Fol
7] mdol el BE W PE Haiabe] $3
e =8t A7)zt 2F2EY gl miAE ko] A
7 Aoz odeld gled, AR, FF, 42E
AgE Az}, 7 5 S 9 4] wdE 248
faslA Bk (Knupp et al., 2005; Fiorite et al., 1997,
Simonsen and Laund, 1992). B3] %4383} DMF9]|
A =29 A9l 275 A AeEHE e
2 3 =g (Wibitzky, 1999). TARCH| A= Alghe])
AL LA el gl 3 1§02 EFsln gl ¢
& Al FeEd 7 JAEAE B8 e &
=2 Al HAH, dA BAHY F5 £=2F ¥l
= Hez o9 QITHJIARC, 2009; Knupp ef al.,
2005).

2 @72l DMF ZAvbg.e 23 NIOSH
Method 20042} OSHA Method 66 %-°] ¢)v}. NIOSH
Method 2004 AlE]7d oA &F5He) 15~80L
o 3718 AR T dRes 289 33
GC/FIDZ #4319, 21 &3A = 0.05mgo 2 dejA
915+ (NIOSH, 2009). OSHA Method 66-2 coconut
shell charcoal §H.0l] 10L%] A2E A3 & oA
Eoz @Fsle] GC/NPDE #AMsh= whgeln, A
A= 045ug (10L] Als AF 2] 0.045 mg/m’)

)R] A26H A4z

%9] N-methylformamide 5§

o2 RuH (OSHA, 2009). =3 F5ArdtA
BATI 28 KOSHA A-1-006-2 NIOSH Method
2004} EUg WS ALskn R (FIFAEMA
BAZ, 2006). 2 AW #A44AM 37 F ¥=
£ A &A% Al¥ 2= Chang ef al. (2005)8] AF
7} 8] e, activated charcoale] #7%1% passive badge
& Ahgsle] AgE AH 5 EFE (carbon disul-
fide/n-pentanol (802002 F&slo] GCFIDE 27
stech A7 A AR 25k 2
2ol passive badgeE $A17F Fot HAEAee AT
A3} DMFE= #H4 0.73 ppmell A # 1 34.48 ppm7}
2 AZFgen, Fiest 1149ppm@=65)0.2
A€ Aoz RyFYH.

zdate] obd A7 Folr2] DMF A4y
© 2= canister$} GC/MSE A48} U.S. EPA Me-
thod TO-158} F3Al/ 9 g3 cold trap/GCE A3}
= dhg o] B ¥ v} (Kivi-Eteldtalo et al., 1997). $
797] & 5= 0.5ppb |4 HLAF71SHE (o]
3 VOO)& HiAde = 3= U.S. EPA Method TO-15
9] Aol EM4el DMF= 2§se] glon}
BEggA Fol AAHE AR BAEY A o
(U.S. EPA, 1999). Kivi-Etelitalo ez al. (1997)] 2]&t
A7 FFA (Tenax GCY/ D3 /cold trap/GC-FID
(%= NPD) W& A48 Aoz AFIAE Sng
(A& 30L AH Al ¢ 167ng/m) ez BiEg.en,
DMF& 4vj2 AMg3he #3tgd el 874
7] & ¥ =5 22X A3} 200~ 1,070ng/m’ 22
A} 23 o] v 7] & =7} 200ng/m’
oldd o AL 7IAE Aoz FrHYH. 18
v Aoz s 7|2 Wud DMF 37 4752
22 32 AAAZ (biomarken)E o] 4-HE 4H
248 Q7B
(Knupp ef al., 2005; Chang er al., 2003; Lareo and Per-
bellini, 1995), #%4 % A7) % =& FHY
Al =8 AlA el

9] A4 IR AR sy DMF2 o
7hal2eke 20051 1,027,142kgd, 200613 1,249,712
kg/d, 20073 1,335,125kg/d o= v 2Es] Z7]
k31 gJ e, 2003 (711,283 kgiid)yell w3 20074
& o 2u] slrte] gk AlA o)) w3 200719
A - 22 eSS 90 21970 B4 ke 8
A8 A A =FgE o, A EF
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(1,335,129kg/<d) Z Hj¥-F-o] 7|2 wiEdds 3
A9 ¥b Ao (FE R, 2009). 458 EFolA DMF
W7l Eefe] Fg w2 “3gHE 9 EAE Az
37 (485,094 kg ) o] Aol E dlEE s
DMF7} X1A]3}= uljgo) 7.2%¢] vbdel] “AgA=
AN 297 (286,176 kg/A)2- 17.3% = B0, vjelatz
ol oo} A WAz wstor, “BA % 3 mu)x|
F A =d” 41,992k )2 74l = DMF ul] Z3fo)
79.9% 2 ) BE-S 2R3t} (EAE, 2009).

o]9} Zro] Ffjel|A W ¢k DMF7} wi7] Fo
2 &3 A9 YY) Sl EAF AlEE
AF7HA AR AAo|vth wpeir] B QFore
DMF7} VOC%Y & Zhelste] dubzliel vOC 24w}
el F4-9€F-GCHup ez 27 /sS4
7¥etar, AfAbd el F5E ol FHA d7e] X%
AMLurabd©A 9 Q. FAXER Agakdat
W3 733 A7 A3 -k SRk R oA
#A97] 39 =g SAsAC o)F S8 =A%)
At 97] F DMFS] &3 BA& slelsle] 5 o
714 37 4 SASRAAER AR 5 4 9@

©
el 3ol 22 7|2 AR AFshaat 3.

2 M2 o w

2.1 MEAMH xH L 72

2 AFeldE AT AN g o 2k
A 7154 42 $4, A% 13m), 283
LRI ESDESBERR LS EX- T
T 5% A4 10m), A7 = AFA] AFsTIAk
A W AR5 (A7 27% A S A ¢F 10
m)3} 772 QMEAl SRR W QA%
(RAAE 7153 A oF 10m)2] 47 A Al A
712t AR RS AAsGS 4704 BF ATe] =
27h AN glort mERe 18 WA sl

A3} vk gkl Ao Al E 20060 1049
(7). 2007 14 (A2), 20079 44 (), 2007 6
H(ABel F AAelA g2l 22 1047 A<
A5 A7) YAFH 3 FAA G M e
2008%1 749 F 74zE 20084 1149 F 109z 9%
o2 Asg ANstde 4 Nss AEAEAAg
A o) g3te] 4217 A om 2447 Adoz A

Asdon] 2E AHAA 19 6719 2B A2e
e

2.2 AN=xf# g

DMF A& AHE AT FAze A8 F72
vOoCe| A3 43 & - g2x-g JehlE Carbot-
rap 400 mg=} Carbotrapac} 2F3t Carbotrap C 100
mge< AHQE A A8 FFF(1/47 X9 em, Perkin
Elmer, UK) Hte]] ZA3te] Agsiiict. 342
A% Ax]g] Arx]¢]l TC-20 (Thermal Conditioner,
Markers Inc., UK)2- o] &3}e] 1% AF7127) 80
ml/mine 2 F=2X ZAsP A A2 (250°C 14]
7}, 300°C 14]2F, 350°C 308)3te Abg3tge. =&
FA/E AA F 147 swagelok E}Sle] v}
PTFE s 2 =31, t}A] o]F W3-8 93] 50mL +
Zuto|edell Y1 septume] EH vpiz 22 F A
eo) M nashelct.

HAX 5 AFHE STS 25 (Sequential tube sampler
25, Perkin Elmer, UK)#} FLEC Air pump 1001 (Field
and Laboratory Emission Cell, Chematec, Denmark)2-
AL4-31g] o, 50 mL/ming] §3o =z 4X7F Et A
Helod sl 14 Al Hustoleh A=A
A FARE FHNE §E AN 20F f3p
(Ultraflow Electronic Calibrator, SKC Inc., USA)Z.
AelA A4 2Tk A TS Az A

A - ol §E 2 38 ol 2H F Felo]
Azag e, 4 - F Sl W AdEFRAE
2% o2 F& AR ehhode

2.3 EFEAER M= 9 24 9y

#2742 DMF8 7k gE7kes AdHes
BEH AL 4k wetA DMFS 2F:Xas
A GAE o] f3te] AAH oz A zste]
Atg3}eof el DMFe]| 3k 42+ = 1o v}
el en, DMF| 7] 5 5= 1ppbe A&x3]
% 2LE 71Eoz & o Ak 362ngo 2
AbElch 2 oM olE wigloz DMF Hd&
methanol®  3]A4}8}e] 31.6 ng/uL, 63.2 ng/ul, 158.0
ng/ul, 316.0ng/ulL®} 471X $~F o2 DMF EF§
A& Azxsigdet WHeEFEd2Es DMFe} Z=2v}
BN FAA gomA 37 FolA AE 7t
53¢l wi§- 39}k propionitrile (o] 3} PPN)& AH§-
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shaiet. gAY mEARE FATC) R 9
A= GC (Autosystem GC, Perkin Elmer, USA)$]
VA" ZAZ4 injector® AM-EIETE A8 FYE
L5 300°CE AAsle $7kasA 285 120
mL/mine 2 FWAA I W& FZIE injector
Fdol| A% £ 2EAIR 1uLE F48kx, oF 30
22t 7199 & FARE sl 2N BE 2
oz ARt o)W wkeA] Heldlojol & A2
F91%l DMF §o] k218 7]83le] injector vol
AF3A gar Aol FRRo g olFFH oo} s

t A3 33l 7144 DMF7E E35e 59
breakthrough2 Q18 &£4o] glojof Zol= Ao}
ol g g meEjsle] £ QoM AEg 224

Table 1. Physico-chemical characteristics of DMF.

CAS No. 68-12-2

Molecular weight 73.1

Appearance colorless liquid

Odor faint amine-like

Melting point -61°C

Boiling point at 1 aim 153°C

Specific gravity 0.94

Vapor pressure at 20°C 360 Pa (2.7 mmHg)

Flash point 58°C (closed cup)

Lower flammable limit 2.2% in air by volume

Molecular formula HOCN(CH,),

Odor threshold 100 ppm

Solubility miscible with water and most
common organic solvents

Synonyms DMF, DMFA

Incompatibilities oxidizers, alkylaluminums

Usage solvent

Molecular structure

2 34 24L GCinjector 59} 87k~ S5
WA A A e dEAEE Bt A
g FHA zHAo=zA A F injcetor | 7 AL
7 3 A1#] breakthrough A §-2] A7} A3}
A devhe AS stk

238 9 d448 BAHL A5EdEREA
(ULTRA/UNITY, Markes, UK)7} GCZ¥ (Rix-1,
Restek, USA)e.z «724% GC/MSD (HP 6890/5973,
USA) A 28E Abgslgdet. F43e AFE Aas
dLF Ao 1XF o= 1087 LFH (300
°C, 50 mL/min), &&35 A8 thA] —15°Ce) -2
S$HEYL B3 $5E F 320071 F5 7HeH
= 2x gEE AL AA GC= FUE. ol
g AT A7 = 200 Vel

o, ﬂ11°

3. dx 9 nFE

3.1 u VOCele] EA| £ JHsM By}

2 g79) 234 24 F9 shit DMF 34 S
918 M=o 24 9Ee AMSA % BTEXS}
& A VOCY 24o] nAHoz ALHE W
We Hgsle] DMFE 98 VOCS SAlo] 240]
751 E Aokl et ol Aste] 2 7oA
+= WA 627) VOC £8&F 712 (Supelco Inc., USA)
g Wrz ¥AeT, £98 276A DMFE g4
# wFAas 245 YA ZeriEade 6)
wahgle). 1 Az 33 19 el A= F AY =
zaleadeA B 4 I #leh o] DMFE AR
REQIOEREE PEERE-TIR ST X PY
AZHE A T 4 AA G2 DMF 24¢ 4
& ANeAHde FAAY GCEY 24 5o du

Table 2. Operating conditions of UNITY/ULTRA and GC/MS analysis.

UNITY/ULTRA (Markes, UK)

GC/MS (HP6890/5973, Hewlett Packard, USA)

Oven temp. 300°C

Desorb time and flow 10min, 50 mL/min
Cold trap holding time S min

Cold trap high temp. 320°C

Cold trap low temp. -15°C

Cold trap packing Tenax TA/Carbopack B
Min. pressure 1S psi

Inlet split No

Outlet split 14 mL/min

Valve and line temyp. 200°C

GC column Ritx-1(0.32 mrn, 105m, 1.5 um)
Initial temp. 50°C (10 min)

Oven ramp rate 5°C/min

Final temp. 250°C (10 min)

Column flow 1.4 mL/min

Detector type Quadropole

Q-pole temp. 150°C

MS source temp. 230°C

Mass range 35~300amu

Electron energy T0eV

gl s alA) A 263 A4 m
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Fig. 1. Typicat GC/MS chromatograms for standard and field samples.
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Table 3. The analytical repeatabilities for standard samples (n=13),

N,N-Dimethylformamide {DMF)

Propionitrile (PPN)

10.3%
0.2%

RSDY of response factor
RSD of retention time

12.4%
0.1%

RSD of area
RSD of retention time

~ % 100.
mean

YRSD (relative standard deviation)=

At 1 Zae 13 19 fedM Al A4 19
oA B 4= gl vie} zre] DMF m]=28] Ao of
3 Jg= A9 dder AFAL=E G voceR
B] 2E)5o] A4 - A e ¥ AV e ¢
Aiet

a8 19 71 Fgde) sl sEelease Al
YA 8T BAT dH=2A DMF7L A8 FoA
AEHT 38 BoFa gick ojdl DMF 254
87t wlEA] g 7)1E VOC 22 E37avke AL
43l AT AHA - AR AA AR 3
DMF®] &4 §-5% sgdsix] Z3pi sed), o4
o] FellA VOC &4 Aleir} Bz 273ln
DMF¢] F=7} RS & F23 off 59 3}
Vet Ats ok

3.2 EAMugt#o| Mgz

GC/MSDE °]-4-8 DMF 24l e} A4 7}
2 3)s] DMF 2254 94 (31.6ng, 63.2ng,
158.0ng, 316.0ng)S AT FHEY 1348 94
Al grlslgdel ARAL mEEAe] A
2~(Response Factor, ©]3} RF)$} ®B.§-2]7(Retention
Time, ©]3} RT)®] FdelA A wFEHAX(RSD)Z
Hrekgdet =3 R eEEH< PPN M=
FTLFQTng)E A FAs HAadHg B{A
Ztell A& AL A Hristee 2 A5 = 3
of viehd uiel o] EFEBA Q] 7HgA el gt
ARAL 103%, HE2EEH9] =244 A2
124%2. f3351A Jelgel w3t AFAlzbel Hak
APAE T A EF 02% o8tz oF3d Hog
elste)

DMF Z#de] A3A 7= 44| DMF 2&
E4 (31.6 ng, 63.2 ng, 158.0ng, 316.0ng)S g
FAREE 77 2314 e Esle] Wil
32 A7 a7 20 vehd ule} ze] ekl R7E
09602 <53 AFAE e HEA A

FA 7R AA A 26 A4z
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DMF
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Fig. 2. Linearity of GC/MS analysis for standard samples.
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AEA Fohg Aoz qAEE AeEe] 2F
E4(31.6ng)& 8 HHE- BAsle] AbEslgict IDL
s} MDL 37} ZA3= = 4o eplision, Adjsk
(ng)s} AA ABAAF(F 120)& A4t 7]
% =2 A Zephe ¥4 Jehids 2 2
3} IDL-& 11.5ng, MDLL 127ngo2 vEelgon,
W & sx= 3hksbd 7 0.32ppbet 0.35 ppb
o} sl=3=g)t) wield] IDL} MDL 2% o7] & %
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Table 4. Estimation of lower detection limits for DMF.
Compounds IDL (ng) IDL (ppb)? MDL? (ng) MDL (ppb)
N,N-Dimethylformarmide 11.5 0.32 12.7
detection limit for concentration unit was estimated on the assumption 12 L of air sampling
UMDL(Method Detection Limit)=8.D. x t{n-1, 0.01), where n=8 in this study.
Table 5. Detection frequencies and concentrations of DMF in ambient air.
Concentration (ppb)
Site Season Detection frequency
Mean S.D. Max
Spring 5.0% (3/60) 0.18 0.82 4.61
Junewane2d Sumrmer 5.0% (3/60) 0.13 0.85 6.50
;f‘gh a v ‘;’;gl Fall 18.3% (11/60) 0.98 3.81 2834
(Stwha industrial area) Winter 23.3% (14/60) 0.91 229 12.45
Total 12.9% (31/240) 0.55 232 28.34
Spring 16.7% (10/60) 0.72 1.83 9.29
Wonsido Summer 28.3% (17/60) 1.45 2.79 10.82
Bom H“.g — Fall 10.0% (6/60) 0.54 1.89 11.87
(Banwall industrial arca) Winter 26.7% (16/60) 0.81 1.64 8.09
Total 20.4% (49/240) 0.88 2.10 11.87
Galsand Summer 41.7% (20/48) 1.69 3.84 24.51
(Sa sandong tstial Fall 93.9% (62/66) 9.05 12.95 79.65
congseo industrial area) Total 71.8% (82/114) 5.95 10.77 79.65
Daemyunsd Summer 12.5% (6/48) 0.23 0.63 2.07
Ra " dy e e ) Fall 77.3% (51/66) 5.49 7.78 38.56
{Residensial area Total 50.0% (57/114) 3.28 6.46 38.56

FAA AN #AAH7] Fo DMFE 43 Aspe
= 5ol eplle A3 - k3] A% AgEe
% 2400049 Amg AFHsA. o] rleE A2
E (A EThel M= 31709 AlgelA] DMF7} 7%

Abgo] 5.95ppb= 713
10.77 ppb) > P4 = 5 (3.28 +:6.46 ppb) > A A 5 (0.88 +
2.10 ppb) > A 2% (0.55+2.32 ppb) 2.2 A

A AFeE 94 FEAws R 2
wotom), BAE(5.95+

Hel Az o 129%2 Jepdon, A%
LFDolME 49719) Asolr 7AEH o] o 204%
9 Az es Jehgid. 9% Ae2%q] vs)
o 2l Ax wA eppdA AAH oz As)-wk
gzt Ale] DMF 28422 7] Aztslr]| oke
Rez BAFE P olo] Wi ZAE (AMFHS
3 1147 IE« 7 8270 AlmelA A& of
71.8%2) ¥ FExE viehigen, Ag2Es
AAEl Hlsﬂ 3uj o] ¥ £FelUH 53] M
Holle 93.9%2 gREe] AlgoM DMF/l A%&H
ot 3 2AgelA A (FFE oF 6km g
ozl A9 ARHel FAAG hEFe A gl
= AEEE 50.0% 0 77.3%)2 #2824
vebdet

ebdc) oiebd AMFete] DMF 34 29=71 A
3} - ubg el nis] oF 6wl ol 31, DMFS A
AAQ wiEde] vuld Aoz AFEE dHE
2AR AN = AHERY 12 2702 o2 2
2ol e} ANTRIM WBHE ke $7]
298AE] AFALY Hlge B2 U7 =4
2 o B3 Aoz A

oukd o g DMF% polyacrylonitrile A-§ 2 7}&
A AL polyurethane S8 A] g2 glo] AlEEE=
Aoz geix glon (FFEAA R, 2009),
MM Fdol M DMF 29857} o A vepd A
ok o i Eda P #3e] U Aoz %
wEoh g g, Al g 3
THEA & €32008 99 JiE)e ¥ 3
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Fig. 4. Daily variations of DMF at industrial and residential sites in Daegu city.
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