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Assessment of total isocyanates by OSHA and NIOSH analytical

methods: accuracy and precision and airborne concentrations

by process
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Department of Occupational M edicine, Hallym University Sacred Heart Hospital,

Graduate school of Occupational Health, Catholic University, Seoul, Korea*

The purpose of this study was to compare
performances of two analytical methods, the
OSHA 42 and the NIOSH 5522, of quantifying total
isocyanates in air. These methods were compared
in terms of accuracy and precision and the
detection limits using four(4) spiked samples in
each of four(4) concentration levels which ranged
from 0.25 to 2.0 times of the ACGIH TLV-TWA.

In addition, two methods were used to assess
airborne concentrations of total isocyanates at the
following processes including autobody spray painting,
furniture spray painting, polyurethane foaming,
urethane adhesion, UV coating, and pigment mixing.

The results of this study showed that the
NIOSH 5522 method was better than the OSHA 42

¥ : 505

method in terms of accuracy, precision, and
detection limit for quantifying airborne total
isocyanates. It was also clear that the NIOSH
method was capable of detecting not only
monomeric but also non- monomeric isocyanates.
The results of air concentrations of total
isocyanates among processes studied indicate that
some processes may exceed the recommended
level of isocyanates.

In addition, to evaluate toxicological effects of
total isocyanates, it is recommended to consider

additive effects of isocyanates present in mixtures.

Key Words 24-TDI, 26-TDI, HDI, MDI,
NIOSH 5522 method, OSHA 42 method,
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HPLC OSHA

Marcali ( , 1994)
( , 1998h), OSHA  NIOSH
( , 1997)
HPLC ,
OSHA 42 NIOSH 5521
(Purnell ~ Walker, 1985). OSHA 42 1-2
(1- 2Pyridylpiperazine, 1- 2PP)
HPLC
aerosol prepolymers OSHA 42 NIOSH 5522
(Czarnecki, 1992). mist  aerosol type

(OSHA, 1989). NIOSH 5521 II.
(methoxyphenylpiperazine, MPP)
1
HPLC
. ACGIH
airborne , 24-TDI, 26-TDI, HDI, MDI
(Czarnecki, 1992; 159 0.25, 0.5, 1.0, 2.0
Miles Corporate Industrial Hygiene Laboratory, 4 OSHA 42 NIOSH
1992), OSHA 42 5522
( , 1997), R
NIOSH 5521 oligomeric
25
(Key Schwartz, 1995), NIOSH 11 ,
(dimethyl sulfoxide, DMSO0) 1998 9 1998 10
(tryptamine, TRYP)
HPLC 164
5522 (NIOSH, 199).



1
(1) OSHA 42
1-2PP 0.2 mg/mé
05 ml
three piece cassette holder
open face
240~360
(MSA, Model Escort EIf, US.A))
, (SKC,
Model 712, US.A)

1 ¢/min,

HPLC(Waters M510, US.A)
Table 1

Table 1. Operating conditions of HPLC used for
analysis of isocyanates

Variance Conditions
Instrument HPLC Waters M510
Nova- pak CB (39 mx150 mx4 )"
Column P (39 m X4 )
Symmetry CB (39 mx150 mx5 m)*
Mobile phase Aetonitrile : 0.01 M Ammonium acetate
(pH 62) =30 701
Aetonitrile : 007 M Sodium acetate trihydrate
(pH 55) = 40 : 607
Flow rate 1.0 m¢/min
Injection volume 10
Detector UVD, 254 mp

Note : UVD=ultra violet detector; T =0SHA 42
method; T =NIOSH 5522 method,;
HPLC=high performance liquid chromatography

(2) NIOSH 5522

TRYP 045 ng/m¢ DMSO 10 me

OSHA 42

(Aldrich chemical Co., Milwaukee,

Wis., USA.) 50 TRYP
HPLC(Waters M510, US.A.)
1
2)
(1) OSHA 42
SUPELCO

(Bellefonte, Pa)
. 24-TDI, 26-TDI, HDI, MDI

N,N'- (2- Methyl- 1,3- phenylene)bis[4- (2- pyrid-
inyl)- 1- piperazinecarboxamide],N,N' - (4- Methyl- 1,
3- phenylene)bis[4- (2- pyridinyl)- 1- piperazinecar
boxamidg, N,N' - 1,6- Hexanediy|bis[4- (2- pyridinyl)
piperazinecarboxamide], N,N'-(Methylenediphen-
ylene)bis[4- (2- pyridinyl)- 1- piperazinecarboxamide]

1111 (Aceto-
nitrile, ACN, Tedia CO,, Fairfield, O., USA.)
0.027~0.694 g
(2) NIOSH 5522
0.0025 mole 99 % TRYP(Sigma
chemical CO. Louis, Mo, US.A) 300 ml
(Tedia CO., Fairfield, O., US.A)) TRYP
60C
0.001 mole
, 1 (Junsei
chemical Co., Tokyo, Japan) n- (Tedia CO.,,

Fairfield, O, USA.)

(Electro- thermal, 1A 9100, U.S.A)



(coefficient of variation,

Table 2 Ccv) ,
(overall CV, pooled CV)

Table 2. Melting points of tryptamine derivatives oV pooled CV 2 3

Isocyanate Tryptamine dervative () (Taylor, 1987; NIOSH, 1995).

24-TDI toluene- 2/4- diisocy anate- tryptamine 216~219

26-TDI toluene- 2,6- diisocyanate- try ptamine 298~301 CV= ——————— v v v e e e e e e e (2)

HDI hexamethylene diisocyanate- tryptamine ~210
MDI 44 - methylene diphenylisocyanate- tryptamine  201~201.5
Note : TDI=toluene diisocyanate; MDI=methylene Pooled CV = (Nl'“\})l_sri;f'\(‘&_l)ls)r?'_ _'_'f(lg:‘l' 1)1)Sr§ (3)
bispheny! diisocyanate;
HDI=hexamethylene diisocyanate
N=
Sri=i
24-TDI, 26-TDI, HDI, MDI  TRYP
1111 DMSO SAS package
ACN 0.005~0.167 g OSHA 42  NIOSH 5522
3 t- test( @ =0.05)
(1) OSHA 42
(Aldrich  chemical Co,, ( )
Milwaukee, Wis, USA) 1 2PP ANOVA Duncan
III.
(2) NIOSH 5522
OSHA 42 L
TRYP 0.45 mg/m¢ DMSO 10 m¢
, Fig. 1
. 24-TDI, 26-TDI, HDI, MDI
4) NIOSH 5522
. % recovery 102 ,702 ,633 , 287 OSHA 42
1 (Taylor, 908 ,604 ,746 , 542
1987; NIOSH, 1995).
Fig. 2, 3
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0.009::
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Fig. 1 Chromatograms of isocyanate urea
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Fig. 2. Calibration curves of isocyanate by OSHA 42 method TDI ; toluene diisocyanate,
HDI ; hexamethylene diisocyanate, MDI ; methylene bisphenyl diisocyanate
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Fig. 3. Calibration curves of isocyanate by NIOSH 5522 method TDI ; toluene diisocyanate,

HDI

; hexamethylene diisocyanate, MDI ; methylene bisphenyl diisocyanate



Table 3, 4

Table 3. Accuracy and precision of isocyanates by analytical method

OSHA 42 method NIOSH 5522 method
| t Spiked N
SOCYanales — onc.(ug) Detected conc. Recovery rate cv Detected conc. Recovery rate  CV
(zg, Mean£SD) (%, MeantSD) (%) (zg, Mean=SD) (%, Mean=SD) (%)
0.135 4 0.133+0.002 98.50+1.37 139 0.159+0.008 11750+ 6.23* 5.30
247Dl 0.271 4 0.301+0.015 111.15+5.56* 5.00 0.271+0.007 10000+ 252 2.52
Y 0.541 4 0.615+0.015 113.60+2.76* 242 0.504+0.003 93.08+ 056 0.60
1.0820 4 1.057+0.031 97.65+2.88* 295 0.907+0.008 8368+ 057 0.68
Total 16 105.23+8.07 320t 985611313 2071
0.135 4 0.129+0.003 95.40+2.19 230 0.142+0.005 104.58+ 3.32* 3.17
0.271 4 0.266+0.007 98.43+2.69 273 0.272+0.004 101.03+ 152 150
26D osa1 4 0515+0008 %13+15 160 0525+0004 9700+ 073 075
1.082 4 0.924+0.027 85.33+252 295 0.976+0.013 90.23+ 119* 132
Total 16 93.57+549 2451 98.21+ 578* 1017

Note : TDI=toluene diisocyanate; N=number of samples; conc.=concentration; CV =coefficient of
variation; T =pooled CV * ; p<0.05 t- test

Table 4. Accuracy and precision of isocyanates by analytical method

OSHA 42 method NIOSH 5522 method
Isocyantes Spiked N o o
conc.(ug) Detected conc. Recovery rate (%, CV Detected conc. Recovery rate (%, CV
(11, Mean=SD) Mean+SD) (%) (1, Mean=SD) Mean+SD) (%)
0.128 4 0.125+0.002 9850+ 1.71* 174 0.104+0.003 81.83+2.28 279
0.255 4 0.258+0.011 101.90+4.60¢ 451 0.208+0.006 81.58+2.48 304
2o 0510 4 0.509+0.004 99.75+0.81* 081 0.414+0.010 81.20+£1.93 238
1020 4 0.943+0.013 92455+ 1.34* 145 0.789+0.021 77.30£2.05 2.65
Totd 16 98.08+4.29¢ 256" 848+274 273
0192 4 0175+0.014 91.35+£7.46 8.17 0.193+0.005 100.73+2.74 272
0.384 4 0.362+0.003 94.28+0.83 087 0.369+0.010 96.05+2.56 2.66
260! 0.767 4 0.724+0.019 94.33+£2.55 2.70 0.734+0.005 95.65+0.64 0.66
1534 4 14270021 92,98+ 1.40 150 1.376+0.025 89.63+£1.66 185
Totd 16 93.23+£381 439" 9551447 214

Note : TDI=toluene diisocyanate; N=number of samples; conc.=concentration; CV =coefficient of
variation; T =pooled CV * ; p<0.05 t-test



o

1
OSHA 42
24-TDl, 26-TDI, HDI, MDI 90%
, NIOSH 5522
24-TDI, 26-TDI, MDI  90%
HDI  80.48%
t- test 26-TDI
, HDI
(P<0.05).

NIOSH 5522
OSHA 42

t- test 24-TDI
0.25

NIOSH 5522

ACGIH
OSHA 42

NIOSH 5522 OSHA
42 (P<0.05).
2,6-TDI 025 20 OSHA
42 NIOSH 5522

, HDI NIOSH 5522

OSHA 42 (P
<0,05). MDI

(P>0.05).

2)
OSHA 42
pooled CV 5%
NIOSH 5522

NIOSH 5522
HDI

3)
(LOD) Table 5
24-TDI, 26-TDI, HDI, MDI 8 ,3
.15 NIOSH 5522 OSHA 42

, 16

NIOSH 5522
2,6-TDI, HDI, MDI

LOD 24-TDI,
0.1, 0.2, 0.2, 0.3 pg/sample
, OSHA 42, 47

LOD 0.0192, 0.0244, 0.0333, 0.0116 yug

/sample

Table 5. LOD of isocyanates by analytical method

LOD (ug/sample)

Method

24-TDl 26-TDI HDI MDI

OSHA 42 method
NIOSH 5522 method

0.01753
0.00245

0.01426 0.00989
0.00568 0.00605

0.01343
0.00861

Note : TDI=toluene diisocyanate;
HDI=hexamethylene diisocyanate;
MDI=methylene bisphenyl diisocyanate;
LOD : limit of detection 3SE/B
(SE; standard error, B; slope, NIOSH, 1995)

25
1
OSHA 42 NIOSH 5522
24-TDl, 26-TDI, HDI, MDI
Table 6
OSHA 42
Duncan
Table 6
24-TDI
016 pg/m',
0.73 pg/ nt',
0.36 ug/ ',

NIOSH 5522

OSHA 42

043 pg/m',
013 ug/m,
021 pg/m'
. 26-TDI

0.23 g,
148 pg/ ',
0.42 pg/ ',

170 ug/m,
0.06 g/,
0.28 g/’

. HDI
0.33 pg/ ',
0.12 pgf i,

0.18 pg/ 1, 0.14 g/

- 10 -



Table 6. Comparison of isocyanates concentrations by each processes

Concentration (/)

Process ~ Method N 24-TDI 26-TDI HDI MDI
GM  GSD  Range GM  GSD Range GM GSD Range GM  GSD  Range
Autobody OSHA 25 016 271 002-058 023 491  001-118 033 299 004257 042 131 014054
Sp NIOSH 25 073 199 008158 024 266  002-195 1554 229 0.02-562 035 167 024178

Furniture OSHA 34 043 364 0.05-7.76 L70# 458 014-37.15 018 231  002-041 034 402 003363
sp NIOSH 34 231# 459 008269 351# 782  006-300.1 072 458  0.06-799 061 653 005589

OSHA 8 073%# 126 0.06-25.1 l48% 239  001-100.0 012 59 008063 017 297 004045

Foamin
9 NosH 8 28 360 09482 215 58  044-1318 112 38  020-556 023 153 010045
OSHA 3 013 120 011-016 006 651 002048 014 465 002033 013 293 007-045

Mixin
9 Nosi 3 om 38 00708 282 135 204372 038 168  0.20-050 032 150 021-048
OSHA 6 036 154 021-058 042 148  027-066 012 25 004033 015 273 007-045
UV coating o5 6 078 1% 035235 151 282  019-295 023 140  0.20-046 054 265 018229
Adhesion  OSHA 6 021 206 007-058 028 402  001-048 0474 183 033135 034 214 006045
NIOSH 6 122 202 060-355 132 311  019-457 055 325 019257 035 159 019060

Note : TDI=toluene diisocyanate; HDI=hexamethylene diisocyanate; MDI=methylene bisphenyl diisocyanate;
SP=spray painting; GM =geometric mean; GSD=geometric standard deviation; UV =ultraviolet;
N=number of samples;

#; p<005 Duncan's multiple range test

m’, 012 g/, 047 pg 2.82 pgl ', 151 pgln,
m’ 132 pglt
(P< . HDI
0.05). MDI 0.42 155 pg/ ',
pel ', 0.34 ygf nt, 0.72 pg/ m', 112 ge/nt,
0.17 pg/ 1, 0.13 pg/m', 0.38 pg/ 1, 0.23 pg/m',
0.15 pg/nr, 0.34 pgm 055 pgm
NIOSH 5522 24-TDI MDI 0.35 pg/ ',
0.73 pg/m', 061 pg/m, 023
2.31 pgl, 2.82 g, pel ', 0.32 pgfm, 054
0.34 pg/nt, 0.78 pg/nr, gl m', 0.35 g/ ' MDI
122 pg/m’
. 26-TDI Fig 4 OSHA NIOSH
024 pg/ ',
351 pg/ ', 2.15 pg/ ',
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Fig. 4 Comparison of isocyanates concentrations by each process
Process ; 1=autobody spray painting, 2=furniture spray painting, 3=polyurethane foaming,
4=mixing, 5=UV coating, 6=urethane adhesion
Conc. ; concentration, TDI ; toluene diisocyanate, MDI ; methylene bisphenyl diisocyanate,
HDI ; hexamethylene diisocyanate, O ; OSHA method, N ; NIOSH method
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NIOSH

2,6-TDI, HDI 1

26-TDlI  MDI

2 .4
. OSHA
1 2,6-TDI
NIOSH 1
24-TDlI  26-TDI

1 2,6-TDI

, OSHA

( . 1998a).

CUT1+C2T2+C3/T3+ -+ - -
) C=

-+ Cn/Tn
; T=

“ 177

NIOSH
8 OSHA 1
‘17 , NIOSH
2 OSHA 1 “r

(Woolich, 1982; Bardana Montanaro,
1992). Polymeric- based product
prepolymer oligomers
(Lesage
et al., 1992),

polyisocyanates
(Belin et al., 1981, Malo et al., 1983
Nielsen et al., 1985).

(Janko et al., 1992, Vandenplas et al., 1992), HDI
prepolymer
(Vandenplas et al., 1993).

HPLC
Dharmaragjan et al., 1987).
N- (n- propyl)- N- (4- nitrobenzyl)- aming(Rando et al.,
1995), MPP(Bagon et al., 1984), 1- 2PP(Chang
1982), TRYP(Wu et al., 1990),

9 methylaminomethylanthracene(Sang6
1980) ,

(Purnell et al., 1985;

Burg,
Zimerson,

R-N=C=0 + H-NR'R" ---- > R-NH-CO-NR'R"

Swedish method
minomethylanthracene
Zimerson, 1980), HPLC
3% triethylamine phosp-

9 methyla
(Sangd

hate(pH 3) triethylamine
HPLC
Rudzinski  (1996) 1- (9- anthracenylmethyl)

piperazine

- 13 -



methoxyphenylpiperazine, TRYP, 9 methyl

aminomethylantracene

(Rudzinski et al., 199).
1- (9- anthracenyImethyl)piperazine

OSHA 42
NIOSH 5522
3 4
26-TDI  NIOSH 5522
,HDI  OSHA 42
(P<0.05). NIOSH 5522
TRYP DMSO
TRYP
TRYP NIOSH 5521
MPP  43ug 5522
TRYP  450ng . HPLC
TRYP
TRYP
HDI . , HDI
OSHA 42
24-TDI
, 26-TDI
NIOSH
HDI OSHA
(P<0.05).

Rudzinski

pooled CV 5%

Table 3, 4 HDI
NIOSH 5522 OSHA
42 .
(LOD) Table 5
24-TDI 8 ,26-TDI 3 ,HDI MDI
16 OSHA 42 NIOSH 5522
NIOSH
5522
NIOSH 5522
OSHA 24-TDI
0.73 pg/ '
2,6-TDI
170 g/, 148 g ot
(P<0.05). HDI

047 pg v, 0.33 pg v
(P<0.05). MDI
NIOSH
24-TDI
231 po ', 282 pgf v
26-TDI
351 pg/m’
(P<0.05). HDI

155 pglm (P
<0.05). MDI
HDI polyisocyanate

HDI
(1995, 1996)
HDI polyisocyanate 1 mg
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m’ ACGIH
(Rudzinski et al., 1995; Rudzinski et al.,

1996). TDI polyurethane flexible foam
24-TDlI  26-TDI
. Tinnerberg flexible foam
24-TDI 298 ug/m’

(Tinnerberg et al., 1997).

NIOSH
8 OSHA 1 ‘1
, NIOSH 2
OSHA 1 “r

24-TDI, 26-TDI, HDI,
MDI

target

chamber

airbone chamber

V.

OSHA 42 NIOSH 5522
4 4

25
1 , ; ;
, 1998 9
1998 10 OSHA
42 NIOSH 5522
1 26-TDlI  NIOSH
5522 , HDI
OSHA 42 .
24-TDI ,
26-TDI NIOSH
HDI
OSHA
2.
pooled CV 5% HDI
NIOSH 5522 OSHA
42 .
3. (LOD) 24-TDI, 26-TDI,
HDI, MDI 8 ,3 ,16 ,15
NIOSH 5522 OSHA 42
4, OSHA 42 24-TDI
0.73 pg/m'
, 2,6-TDI
1.70 pgf v,
148 po/
. HDI
047 pg/m', 0.33 pg/ m'
. MDI
. NIOSH 5522
24-TDI

231 pgln, 2.82 pg v
, 2,6-TDI

- 15 -
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