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Biological Monitoring of Workers Exposed to

Diisocyanates using Urinary Diamines

Jong Seong Lee” - Boowook Kim - Jungah Shin - JinEe Baek - Jae Hoon Shin - Ji-hye Kim

Occupational Lung Diseases Research Institute, Korea Workers’ Compensation & Welfare Service

ABSTRACT

Objectives: Diisocyanates are a potent inducer of diseases of the airways, especially asthma. In this study, toluenediamine(TDA)
and methylenedianiline(MDA) in urine were evaluated as biomarkers of exposure to tolunenediisocyanate(TDI) and

methylenediphenyl diisocyanate(MDI), respectively.

Methods: Workers exposed to TDI and MDI, as well as non-occupationally exposed subjects, were studied and pre- and post-shift
urine samples were collected from 8 control subjects and 8 workers from a factory which manufactures polyurethane products for
reducing noise and vibration in automobiles. Airborne TDI and MDI(n=8) were sampled on solvent-free glass filters impregnated
with n-butylamine and detected by liquid chromatography atmospheric pressure ionization tandem mass spectrometry. Urinary
TDA and MDA were detected as pentafluoropropionic acid anhydride(PFPA) derivatives by liquid chromatography electrospray

ionization tandem mass spectrometry.

Results: The median levels of urinary 2,6-TDA(p<0.001), 2,4-TDA(p=0.001), and MDA(p<0.001) of workers in post-shift
samples were significantly higher than those of controls. The median levels of urinary 2,6-TDA(0.63 1g/g creatinine vs 0.34 1g/g
creatinine, p=0.017) and MDA(4.21 ug/g creatinine vs 3.18 ug/g creatinine, p=0.017) of workers in post-shift samples were
significantly higher than those of the pre-shift samples. There were significant correlations between the urinary 2,6-TDA,
2,4-TDA, and MDA of workers in post-shift samples and the airborne 2,6-TDI(rho=0.952, p<0.001), 2,4-TDI(rho=0.833,

p=0.001), and MDI(rho=0.952, p<0.001).

Conclusions: These urinary diamines, metabolites of diisocyanates, in post-shift samples were useful biomarkers to assess

occupational exposure to diisocyanates.

Key words: biological monitoring, methylenedianiline(MDA), methylenediphenyl diisocyanate(MDI), toluenediamine(TDA),

tolunediisocyanate(TDI)
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o] A Aol o] E(isocyanate)= R-NCO2] 2Z}87|&
M= w7183HEe|M NCOZ8717F FHY 4%
tjo]iAJol| o] E(diisocyanate) 2 S TE Ao

Ae Z8 3 (polyurethane, PUR)2] E4Jof| ula}
o8] 71x] t]olai]ohd|o| EZ} ARE-EItHDahlin, 2007).

HolsAlohdlol B A1 FEe AU A4 §
HEZZ dHA QEd|(Liu & Wisnewski, 2003), ]
o 76]_?__ ok 109t 1:5_04 7_(11—?:"];(]—7]— qo]ﬁ\_/\]o]-l,ﬂo]_E_
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48 F Clojglg o
of =&Eu ol F wid 5~15%7F AP HAE
oo 7ittal 3 th(Redlich & Karol, 2002). T] o] A~A]
ofJo]Eof 23t 242 hexamethylene diisocyanate
(HDI)(Piirila et al., 2000), toluene diisocyanate(TDI)
(Ott, 2002) % methylenediphenyl diisocyanate(MDI)
(Petsonk et al., 2000) 5of &3l FEE Tt 31, 4]
s A Agof o]27|% 3tti(Carino et al., 1997).
EFE HAjol 9ol Rl FHF(Usui et al, 1992), H|
&(Sari-Minodier et al.,, 1999), WHAH A 7| =2%t
(Glindmeyer et al., 2004) 52 IS = Ut
A Qlek A, FA G AFA(IARC, 2014)0 A=
TDIE group 2BZ EH35l3l 9121 naphthalene
diisocyanate®} MDIE group 302 E&F3}1 Qlth

to]Aloflo| E= F7]¢ko] me- Yol 37 F
oz Z e etk 2y 37 § =E E
o] mj¢- WHjete ol =] o3t HAlo] WA
o slon, gRiEo oA TFTIA Y A
do7l= Zox RIEI QIthRatterry et al.,
1994;Pronk et al., 2007). Jeong(2013)-2> -3gt & A|
z ZAgAEolA =, &, oflE 3 s 7IA
Ue AS & 22 9o &% MDIVF &4
o Slkal shQlTh wEbA o]ERt k= EAS 7HR
tolaAlotolE k=& H7HE fsiAE 5714
HE &% &4 5 B =EEEE WY
=94 muyE o] &3tttk

tjolaAfotlo] E weFAl= A WellA F 7He
NCOZH&-7]7} o}qI(NH,, amine)o & X|Z+% tjo}y]
(diamine) P = HHY Fof EAFAY HH o= HY
AE]7] wfZel, 2 fol]aAotdo|ES] AYETHA]
TUHHS 3 AARNTZ A Fo topulef o
gt dGE°] HiE Il QIti(Sennbro et al, 2004a;
Sabbioni et al., 2010). oA E t]o]AA|ol|o]E
of thet WESA mUEH <F(Ahn et al, 1995;
Lee et al, 1998)7} =3 =9l oy 2= TDIo| ojst &

o mf, MDIo| ti3t AEsH4] HUEY A= ¢l

= Aotk

o] ] 3Lof| A= n-butylamine(DBA)o| 254 F-24]
+ ZE| 2 A% denuder samplerE ©]-83}o] 7}AAY
T YR wel AfFE F A azentE T A
ZFE A 7](liquid chromatography-atmospheric pressure

ﬂlhl

>

¥ 1o

MM

2~
e

=)

o oX

chemical ionization-tandem mass spectrometry, LC-APCI-
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MS/MS)& -&7] % TDI®} MDI 5 =5 BEXA35101, 49
% JAMHES] toluenediamine(TDA)Z} methylenedianiline
(MDA)2 Az ZutEadw  AZFEA 7| (liquid
chromatography-electrospray ionization-tandem mass
spectrometry, LC-ESI-MS/MS)E- o]-&35}o] EA514 )

ofef & d4t= AHsAk PUR WA A= 2Hd#
£ e E & 5 TDACF MDAE #Asto] ¥7]
% TDI®} MDI9] AE3HA HUEHS 93 A =
ZA R HE A5AS BT S

1. Q4T AL U b

1. oiAC At

MDL-PURS o|§8 A5 WIS Aot
WA AYFE PHOE wE 8T AR
AT 83 5 AU BT A T 91 163

26TD124TDIU MD IME.ﬁHﬂ—{%Q4Q§
A5 2 A6, dxdt 89 tieiA=
A et FUFE A|7K8:00, 17:00)0] AH-S 2 F s}
ek AE2AE Fl vol, 257717, l AR
& ARG e, a2 glRdoA HA F %
F714%o] e ASE ot

2. 0174k
HATRR

HFE2191 2,6-TDI, 24-TDI 9 MDI®] DBA 5=
o} YEHEZEZ 26-TDI-2(DBA-ds), 2,4-TDI-2
(DBA-dy), MDI-2(DBA-do)+= SupelcoA{H|=) 9] &5
AL AMESHSTE 2,4-TDA, 2,6-TDA 2 MDA+
Sigma-aldrichAH(E]22) Q] A|oFS AFE-3}H T, YHEZ
E-219] 2,4-TDA-d;9} 2,6-TDA-d;= Toronto Research
ChemicalsAHZH L th) 2] AJ9F& ARG5St DBA,
formic acid, pentafluoropropionic acid anhydride(PFPA),
potassium phosphate, sodium hydroxide(NaOH), AL, gt
2, G4k AL OINIEYE"™ 52 Sigma-aldrichAH(H]
29| Aoke AEST)

287 & el2Aohlo = R

37 %9 dolaopo|E &
AL Q005)3} 1SOQOI3S] 24 9 EAYHS 283
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HEICERE
™

%t DBAZE H5Eo] Sl e
mm, 0.3 um 3=)7} Z2HE denuder sampler(ASSET
EZ4-NCO 5027-U, Supelcol\} n|hHE ZPRLe] 55
7] Ao A2gE 3 0.2 L/min®] G802 oF 647t
(¢F 72 L) AHseE 292 mL 5 mM 4k 2
mL WEHe, 4 mL RS Frlsel 2gm 10

Table 1. Analyzing conditions for diisocyanates-DBA derivatives

Bt a5 & %é‘%ﬂl’é‘}l E2A 5 &35k
AZAZE oHEYUED 05 mLE Yol &9 &

LC-APCI-MS/MS(3200QTRAP, AB SCIEX, USA)=
ol g3fo] Table 19 270 R BAstelch. AT
AR R4 1A Eeladohilol= S
2 77 B 3 B AHgo R RAR B pgm’

LN PR

o4

Parameter

Analytical conditions

Instrument
Column

Mobile phase

Flow Rate

Inject Volume

ABCIEX 3200QTRAP(AB SCIEX, USA)
YMC Tri-art C18 100 x 2 mm, 3 /m

A: deionized water with 0.05% formic acid
B: acetonitrile with 0.05% formic acid

B: 25% — B: 80%

200 pL/min

3 uL

Retention Time 2,6-TDI 8.2 min; 2,4-TDI 9.0 min; MDI 10.8 min

MS/MS Condition(MRM)

Atmospheric pressure chemical ionization(positive mode)
TDIs 433.7—130.2; TDIs-dy 451.8—139.2
MDI 509.7—130.2; MDI-dg 527.8—139.2

Ion Source(Polarity)

Target ion(m/z)

2,6-TDI-ds-DBA (451.8-139.2 m/2)
2,4-TDI-d;-DBA (451.8-139.2 m/2)

2,6-TDI-DBA (433.7-130.2m/2)
2,4-TDI-DBA (433.7-130.2m/2)

MDI-d,-DBA (527.8-+139.2m/2)

MDI-DBA (509.7-130.2 m/z)

Figure 1. Chromatogram of diisocyanates-DBA derivatives by liquid chromatography atmospheric chemical ionization tandem mass

spectrometry
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3) &HF Hopul F=EA

AW = fodl s+ Tinnerberg et al.(1997)%}
Marand et al.(2004)2] WHS F8&3lo] B4
o, Aldatel AM(EE EE) 1 mLet 2=
(100 zg/lL) 100 LL= 3M 8415 mLE H7}
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2o,

Table 2. Analyzing conditions for diamines-PFPA derivatives

Eﬁiﬁiﬂ

0]

T

Atk Akl ohEYE
LC-ESI-MS/MS(3200QTRAP, AB SCIEX,

Parameter Analytical conditions
Instrument ABCIEX 3200QTRAP(AB SCIEX, USA)
Column YMC Triart C18 100 x 2 mm, 3 /m
Mobile Pphase A: deionized water, B: acetonitrile
B: 25% — B: 50% (5 min, 15 min hold)
— B: 75% (5 min, 5 min hold)
Flow Rate 200 pL/min
Inject Volume 5 uL
Retention Time 2,6-TDA 15.6 min; 2,4-TDA 19.1 min; MDA 27.9 min
MS/MS Condition(MRM)
Ion Source(Polarity) Electrospray ionization(negative mode)
Target ion(m/z) TDAs 413.2—293.2; TDAs-d; 416.2—296.2

MDA 489.2—369.2

o 2,6-TDA-d;-PFPA (416.2-296.2m/z) R T
- 2,4-TDA-d;-PFPA (416.2-296.2m/z)

il

2,6-TDA-PFPA (413.25293.2m/z)
2,4-TDA-PFPA (413.25293.2m/z)

]

MDA-PFPA (489.25369.2 m/z)

Figure 2. Chromatogram of diamines-PFPA derivatives by liquid chromatography electrospray ionization tandem mass spectrometry
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182 0|34 - U= - IFo} - WHlO| - MRz - ZX|3]

=

ok

USA)E o] &3}o] Table 22] ZHOo R EAFIIT]
Ei) T«] folyl Hri= AW F creatinine FEZ
HAZ § pgg creatinine O UERHQILE AW S
Adoteld FEe AEA3HEHEA 7] (model 7080,
HitachA}l, Y2)E ©o]-&-3to] #4513tk

HARBA

3% A2 = SPSS/PC(statistical package for social
science; Windows Version 14.0)E o|&3}o] 4314
oh AR HEe GRS I B, fol
SHFZAAC] 005 vRkel B EAH O Gofat
Ao sl

. 2 A}
1. 27| & C|o|AA|OH0|E w&4Z

AP dEEEE AFESHE MDI9 =&
T (median)= 1.83 pg/m'(0.38~6.27 pgm)o 2 717 =

0.32 ug/m)Q} 0.06 1g/m'(0.03~0.23 pg/m’)o] AT Table
3). F7] & HolRAOMO|E EFE F VA T
wH]= 2,6-TDISH 2,4-TDI= ZHzF 90%(83~94%)2}
77.1%(58~90%)] 131 MDI= 77%(68~93%) 2 <1<}k
Hop =k

ol BrEL fa
n&= l"—OHZ}(p<0 01)(F1gure 3).

ZdoA A¥ = 2,6-TDAQ] 5= (median)= 2+
A 371 A AETF =9431(0.63 ug/g creatinine vs
0.34 pg/g creatinine, p=0.017), MDA 9] 5= HA| 2}
o 37} 2] AErT) =9kth4.21 ug/g creatinine vs
3.18 ug/g creatinine, p=0.017). 2,4-TDA= 2] &7}
ol HETh £ ARE BANY FALOR §o
3= Qk9)th0.44 pg/g creatinine vs 026 pgg
creatinine, p=0.107)(Table 4). JZLoA9 4H =
tolyl Erl A A7k w2 2jo]7} itk

o] wlsj

otom, 2,6-TDIS} 2,4-TDI= Z7Fz} 0.09 1g/m'(0.02~ (p>0.05). eZtol A 2H717E AdFA s D FA
Table 3. Median levels of 8-TWA diisocyanates exposure(N=8)
2,6-TDI 2,4-TDI MDI
Median Range Median Range Median Range
Diisocyanates(ug/m’) 0.09 0.02 - 0.32 0.06 0.03 - 0.23 1.83 0.38 - 6.27
Gas Phase(yg/m’) 0.08 0.02 - 0.30 0.05 0.01 - 0.20 1.50 0.29 - 4.25
Particle phase(ug/m’) 0.10 0.00 - 0.02 0.01 0.01 - 0.02 0.38 0.08 - 2.02
Gas phase ratio(%) 90 83 - 94 77 58 - 90 77 68 - 93
1A p <0001 1 B. p=0001 “1C p < 0001
& N £
0.00-  r——— —Q 0.00- é _I_ 0.00 —

T T T
Control Exposure Control

Note: Calculated by Mann-Whitney U test

T T T
Exposure Control Exposure

Figure 3. Comparison of diamines according to diisocyanates exposure in post-shift samples. (A) 2,6-TDA, (B) 2,4-TDA, (C) MDA

http://iwww.kiha.kr
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Table 4. Median levels of urinary diamines

S5 CIO|&AIOIHI0|E & Z2Ate| =X DL EHZ 183

Pre-shift(yg/g creatinine)

Post-shift(yg/g creatinine)

N p-values
Median Range Median Range
2,6-TDA Exposure 8 0.34 ND - 1.75 0.63 ND - 3.33 0.017
Control 8 ND ND ND 0.317
2,4-TDA Exposure 8 0.26 0.09 - 0.93 0.44 0.11- 3.53 0.107
Control 8 0.06 0.03 - 2.89 ND ND - 0.22 0.092
MDA Exposure 8 3.18 0.57 - 6.24 421 0.56 - 10.48 0.017
Control 8 0.16 0.09 - 0.26 0.17 0.11 - 0.23 0.400

LOD: 2,6-TDA, 0.25 pg/L; 2,4-TDA 0.03 pg/L; MDA, 0.04 pg/L

ND: not detected

Calculated by Wilcoxon signed-ranked test, pre-shift vs post-shift

1 rho = 0.952 =
A. p < 0.001 B

o

z
:
H
:

2.00-

2
:

1.00]

Post-shift 2,6-TDA (ug/g cretinine)
8
T

Post-shift 2,4-TDA (ug/g cretinine)

.00

g
I

rho = 0.833 =]
p=10010 C

rho = 0.952
p < 0.001

o

10,00

8.00-]

6.00-]

4.00-]

(]
Post-shift MDA (ug/g cretinine)

2.00-]

0.00-]

T T
0.00 010 0.30 0.00 0.05

0.20
2,6-TDI (ug/m3)

Note: Calculated by Spearman's rank correlation coefficient

0.10 18
2,4-TDI (ug/m3)

T T T T T T T T
0.20 0.25 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
MDI (ug/m3)

Fig. 4. Correlation between the levels of 8-TWA diisocyanates and that of the urinary diamines in post-shift samples. (A) 2,6-TDI vs

2,6-TDA, (B) 2,4-TDI vs 2,4-TDA, (C) MDI vs MDA

o

soh a¥ % dotl S& Zro] EAH §0)4
= Ae

. =
371 T HOolRAOHO|E kEs ket 2 $9|
2% F foll wjidEk: e 2 A
(2,6-TDI vs 2,6-TDA, rh0=0.952, p<0.001; 2,4-TDI vs
2,4-TDA, rho=0.833, p=0.010; MDI wvs MDA,
rho=0.952, p<0.001) e} cH(Figure 4).

v.on &
PUR A|z2Ao] AliabolA] 2|22 A2t ©ha] o]

o 4 2
aAlollo| 8 Aot AeolA] 5] Aol
el Agt Bavt S Hols Ay e 4
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2003). olzAlokdlo|E7L T HUES AGSHE
A5} EAAIAo A o] MY M4 o] T
ZFAA}o| w]3f 80u] A= B i%® QITHHSE, 2009).
whebA oleldt ARG Thel A 1AL 3
(american conference of governmental industrial
hygienists, ACGIH, 2013)°| 4= 357] Z&Ao] A
3l TDIL} MDI9] A|7171H 5= (time weighted
average, TWA)E Z+Z} 36 wug/m'(5 ppb)}t 51 ug/m'(5
ppb)= TFAISEAL RUek TDIOY tisfA= DA 7]
Z(short term exposure limit, STEL)S 140 ug/m’(20
ppb)= “gstar qlct
ojzAopdlo]Eof gt F7] T ARAHFH H 5=
2 FE olaAolo]EL}t ofYl(amine) FEA|
Shag W Wio] o]8¥al Sltk(Dahlin, 2007).

A4 FEEHR YA 3L QIthLiu & Wisnewski,
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184 0|TY - ZHFS - AlFol - #ZIo| - M= - XS

=

Hol

Nz §rAst EAZ a7E AL 19743 9] nitro
A|2FQ] N-4 - nitrobenzy-N-n-propylamine©] X9t o] A]
oF AA|7F wl-g- Ebg itk ©alo] Qith E HE
amine -FE=A|3} EZZE= 1-(2-pyridyl)-piperazine
(1-2PP)o] Ql=dl, oA nitroA|FE T} QH /oLt
E S Ao =XTt o]hA|oly| o] ELQ} HFEAJo] =
S0l Qlth 1 o]F FFAH f=EAS =42
9-(N-methylaminomethyl)-anthracene®} 2} 2]A1-7 7|3}
3 da712 WREdol slsa SEASE Aokl
1-(2-methoxyphenyl)-piperazine(2-MP) 128]31 & 3%~
A7|AeE AE7|2 WaPEA o] 7153t tryptamine
=2 o]835lo] Aegyt AHEEES AT HH
=o] it} 19981 NCO-DBAG=H|3F E4of tfjat
o] LC-MS/MSE o] g3t BEAulo] 27E A A
HFZ o] A AJol|o] E Byl ol g} K l-o]AA]ok|o]
E(monoisocyanates) = 4]0 75514 = Qitl DBA
A gk Bl QHstal ohE FEAISh Alof
Hr} NCO 2+-g7]9f whg-o] w=nf, Alg A Al
of ool A& AAsHY] ol Aol Utk &
3| Marand et al.(2005)°] ]3] 82418 ZEjo] DBA
AL AIA THE solvent-free A& A ZHH o] A7)
HA JNIA R HF 7} 713X 2L denuder sampler
Eol TEAA JAVEE RSt AlRAF 7L 7t
siFlch olfl Ao A = F7] & HolaAlof|o]
H71= 98] DBA7} 245 denuder samplerS o]
bl ZhadTh AAARS FESt] ARE AT
LC-APCI-MS/MS& EA5}3it). o] Ao A
A%} 2,6-TDI, 2,4-TDI @ MDI®] B4 HE3A =
T 02 L 508 fFste] F 72 LE AHFI8HA
S w Z+Z} 0.003 1g/m’(0.00022 ug/sample), 0.011 ug/
m'(0.00079 pg/sample) 12|31 0.034 ©g/m'(0.0024 ug
/sample)o] itk 0|23t HEIMA= TWA-TLV Y
1/13,000~1/1,600 =0l $iet. f-2futetel Al o]ep &
_8_ }\]iiH_ﬁ EU H/\-]I:ﬂ-tﬂoﬂ q-]?)‘]— k]"ﬂoq-?-‘— EJ__Q
vl A9, Kang & Kim(1999)9] tryptamine 5=
=& ©]-838k= NIOSH 5522 Weo] H|s TDIC]
A& A= oF 8ul], MDI= oF 4u] Wofar, 2H2 <
Toll Al 1-2PP FEA|SHES ©]§5l= OSHA 42
HETH= 24-TDI <F 228|, 2,6-TDI 658 18|11
MDI= oF 6H] S& sEoz 7|EY Az 9
A ol vl mEEo] Zhsskth SolAl

FE

r _1

ol

o fr fr 40{. Og\) lm o mn mlm
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&7 & Holailotdlo|E} weld Ao o
i 1-2PP = 2-MPR TEXJIQW AR E ol
83t ARE AT & AAARnEIH ] Ao
AAE7] Be FFAE7IE o187 24UE o8
stal glovt o dgroflA 23t S &gl
A8 4% v a5l A= B2t 7t
etk Ae &+ STk

ot Aol A BIIRE HolRAloMo|E eEg
& MDI H&AIE ©]§sto] MDI-PUR &efo] 2o}
Bl AEAS 135C~150T o) 20X G2 A st
F7401913L, o] Fel A2l 2,6-TDI(0.02~032 pg/m),

2,4-TDI(0.03~0.23 ﬂg/mﬁ) 2 MDI(0.38~6.27 sg/m)©]
37 & 1L =EFE= TWA-TLVe| s z+zt
0.8%, 0.6% j_ﬂ_L 11.4% $30]Qith oJHH d3L9]
TDI k%% %X Kang & Kim(1999)2] z}e]A ¥
ZFAol| A o] 2,6-TDI 0.42~1.51 pugm' 9 24-TDI=
036-0.78 ugmBETh okF e ZZo|glA|ul,
Tinnerberg et al.(1997)°] X 113} flexible floam A| %
FA AN 29.8 uym’(12.5~79.9 pgm)I} Ahn et
al.(1995)9] PUR =4rzelzte] 2,6-TDI(7| 3} 8
2543 ug/m)} 2,4-TDI(7| 384 438 pg/m)Hri=
we zolgleh FW, MDI hEsEse AW
PUR A zFAo|A ZAFSE Kédrid et al.(2001)9]
0.03-3.3 pgm'e} H]228t 1, Kang & Kim(1999)9]
A TR Aol 4 9] 0.15~0.54 pg/m’ Hrh= of7F
=l ~Zo|9lth MDIV} E£3HE H2HAE o]-8-3) &
AL AT (Woellner et al, 1997)°]u} B9
plaster cast 3317 (Donnelly et al., 2004)o| A= 2]
94 Wael gwE 4 okn shgch ATols

PURG] 9 s 4ol oig 87, Ae B ALY
oA o]iAjoflo]EVL HEAHER HAFE AL
3l tH(Boutin et al., 2006). ©] tox]= TDI2}
MDI¢|| 3} denuder samplerE ©]-83}o] 7}AAk}
UAS BT T A BT A, 26D,
2,4-TDI @ MDI®| 27| % 7}AAF HlAbs s 77}
90%, 77% X 77%2A AR Ar] vl =& Zo=g
S gon, v T AR gt ol

o el was :
tolaAohio] EX EE7|Mut olet R E 5
dNE e 4 9l
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A8 = Clojalg of

2008; Redlich & Herrick, 2008; Liljelind, 2010).
Brown & Burkert(2002)2] 1zl qto] w2 mH i
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