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SIMU'LTANEDUS DEXERMINATION OF AROMATIC ISCCYANATES 
AND SOME CARCINOGENIC AMINES IN TNE WORK 

ATMOSPHERE BY RFVERSED-PWE HIGH-PEREQRMAKE 
LIQUID O M A ~ X A P H Y  

E.H. Nieminen, L.H. Saarinen and J.T. Laakso 
Uusimaa Regional Institute of Occupational Health 

Arinatie 3,  SF-00370 Helsinki 37 

A reversed-phase high-performance liquid chromato- 
graphic method with W-detection is described for the 
simultaneous determination of aromatic isocyanates and 
some carcinogenic aromatic amines which may be present 
together in the work atmosphere of the polyurethane indus- 
try. The air is sampled through ethanol which is made 
alkaline by potassium hydroxide (KOH). The isocyanates 
react instantaneously to the corresponding ethyl 
urethanes, while the amines remain in nonionized state. 
KOH, which has been added to catalyze the ethyl urethane 
reaction and eliminate the side reactions, is precipitated 
out with hydrochloric acid and the sample solution is 
evaporated to dryness. The residue is dissolved in 1 ml 
ethanol and water (1:l). A 50-ul aliquot of the resulting 
solution is chromatographed on a Rad Pak C18 column and 
eluted isocratically with a mixture of tetrahydrofuran , 
acetonitrile and water buffered with acetate to some exact 
value in the pH range 5.5-7.0. The use of this pH range is 
favored both by the retention behaviour and W-detectabil- 
ity of the aromatic amines. 
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454 NIEMINEN, SAARINEN, AND LAAKSO 

INTRODUCTION 

Isocyanates are extensively used in the manufacture of 
polyurethane products. Airborne isocyanates are apt to 
cause chronic impairment of pulmonary functions and occu- 
pational asthma (1). Other hazardous chemicals m y  also be 
present in workplace air that contains isocyanates. In the 
manufacture of certain cross-linked polyurethane elasto- 
n-ters toluene diisocyanate (TDI) is mixed with 3,3,-di- 
chloro-4,4~-diaminodiphenylmethane (MCCA), which is a 
carcinogenic agent (2). Under some conditions TDI and 
diphenylmethane 4,4 -diisqanate (MDI) may hydrolyze to 
the carcinogenic diamines: 2,4-diaminotoluene (2,4-TDA) 
and 4,4 ‘ -diaminodiphenylmethane (MDA) (2) . 

Several highly sensitive and selective liquid chro- 
matographic methods have recently been published for the 
determination of airborne isocyanates. Most of them are 
based on the reaction of the isocyanate group with a sec- 
ondary mine that has an aromatic moiety to yield a urea 
derivative with strong W-absorbance (3,4,5,6). One pub- 
lished method (7) uses ethanol as reagent to determine 
aromatic isocyanates as ethyl urethane derivatives; in 
this case normal phase HPLC is used. 

Starting from this reaction with ethanol, we have 
developed a reversed phase HPLC method for simultaneous 
determination of !I’D1 and MDI as ethyl urethane derivatives 
and of carcinogenic amines (MOCA, 2,4-TDA and MDA). 

Reversed phase HPLC is more convenient to use and mre 
suitable for the amines than normal phase HFW (7) .  

Because the formation of the ethyl urethane in pure 
ethanol takes place rather slowly, it tends to be dis- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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turbed by certain compounds occurring in the work environ- 
ment together with isocyanates. An attempt was therefore 
made to find a suitable catalyst for the ethyl urethane 
reaction. The best accelerator of the reaction rate proved 
to be potassium hydroxide (KOH). When ethanol was made 
alkaline with potassium hydroxide, the reaction between 
the isocyanate and ethanol took place inmediately and the 
effects of intefering substances were eliminated. 

The method is suitable for other aromatic isocyanates 
besides TDI and MDI. It has been successfully tested for 
phenyl isocyanate, tr iphenylmethane 4,4 1,4 I I - tr iiso- 
cyanate (Desmodur R) and dimer of 2,4-toluene diisocyanate 
(Desmodur 'IT). 

Chromatographic apparatus 
The liquid chromatograph consisted of an Altex model 

llOA solvent metering pump, a Rheodyne model 7120 injector 
with 50 ul loop, a Radial Compression module for Radial 

PAK columns (Waters Associates, Milford, MA, U.S.A.) and a 
variable Wavelength Pye Unicam LC-W-detector with 8 ul 

Cell- Radial PAK c18 column with particle diameter 10 urn 
and I.D. 8 m (Waters Ass.) was used. 

Chromatographic conditions 
A mixture of acetonitrile, tetrahydrofuran and water 

(3:3:4) was used as eluent. For the determination of 
aromatic mines it was buffered to Pfl* 5.5-6.0 with 
acetate. (m*= apparent pH value measured with glass 
electrode) 
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456 N I E M I N E N ,  SAARINEN, AND LUIS0 

Chemicals 
Acetonitrile and tetrahydrofuran of HPLC grade were 

obtained from Rathburn Chemicals (Walkerburn, Peedleshire, 
Scotland) . Water was doubly distillated. Acetic acid, 
sodium acetate and phosphoric acid were purchased from E. 
Merck (Darmstadt, G.F.R.). Potassium biphosphate was 
purchased from May & Baker Ltd, (Dagenham., England). 
Toluene diisocyanate (TDI), a mixture of 80 % 2,4 TDI and 
20 % 2,6 TDI, was purchased from Fluka AG, (Buchs, 
Switzerland) and Diphenylmethane-4,4 r-diisocyanate (MDI) 
from ICN Pharmaceuticals, (Plainview, N. Y., U.S.A.). 
4,4 r-Diaminodiphenylmethane (MDA) and 2,4-diaminotoluene 
(TDA) were purchased from Fluka AG. Dher of 2,4-toluene- 
diisocyanate (Desmdur 7T) and tr iphenylmethane 
4,4r ,4"-triisocyanate (Desmodur R) were obtained from 
Bayer AG (Leverkusen, G.F.R.). Ethanol 99,5 % was obtained 
from Alko Oy (RajamSki, Finland) and potassium acetate 
frm J.T. Baker (Gross Gerau, G.F.R.). Dibutyltin di- 
laurate was a product from Merck-Schuchardt. Methylene 
chloride and potassium hydroxide were products from E. 
Merck. DAE?€D (diethylenetriamine) , Desmorapid PP (a mix- 
ture of organic amines), TEA (triethylamine) and 
3 , 3  -dichloro-4,4 -diaminodiphenylmethane (MOCA) wre 
obtained from polyurethane manufacturing plants. The 
indicator papr was Merck Universal Indikator Papier. 

Preparation of the absorption solution 
About 2 g of potassium hydroxide was dissolved in 1 1 

99,5 % ethanol. 
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Preparation of the standard solutions 
Stock solutions of the aromatic isocyanates and mines 

were prepared in dry methylene chloride: about 10 mg of 
the pure isocyanate or mine was dissolved in 50 ml 

methylene chloride. A suitable aliquot of the solution was 
added to 20 m l  of the absorption solution where the 
isocyanates innnediately reacted to form the corresponding 
ethyl urethanes. The mines remained in nonionized state. 
Hydrochloric acid (37 8) was carefully added to the 
standard solution until indicator paper showed the 
apparent pH of the solution to be between 3 and 5. 

(At lower pH the mines, especially IKEA which is very 
sensitive, may be precipitated.) KC1-precipitate was 
separated out  by filtration or centrifucation and washed 
with ethanol. The clear standard solution together with 
the washing solution was evaporated to dryness at 35OC 

under vacuum. The residue was dissolved in 1 ml of 
ethano1:water (1:I.l or 1 ml eluent, and 20-50 ul of the 
solution was injected into the chromatograph. 

Air sampling and sample preparation 
The air was sampled through an impinger bottle filled 

with 20 ml absorption solution at a rate of 1 to 2 l/min. 
Sampling time was 15-30 min. To investigate the collection 
efficiency, sampling was done through two impingers con- 
nected in series each filled with 20 ml of absorption 
solution. Since no isocyanates or mines were detected in 
the second impinger at a flow rate of 1 or 2 1 per min, 
the single impinger can reliably used to collect the air 
samples. The sample solutions were handled as described 
above €or the sandard solutions. 
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458 NIEMINEN,  SAARINEN, AND LAAKSO 

Experimental conditions affecting the ethylurethane 
react ion. 

Certain organic mines (TEA, QABCO and Desmorapid PP) 
used as catalysts in the polyurethane industry were found 
to interfere with the formation of ethyl urethanes. TEA 

(triethylamine) and Desmorapid PP (a mixture of organic 
mines) are used as catalysts in the production of 
MDI-based polyurethanes and DAE#30 (diethylenetriamine) is 
a catalyst used in the production of TDI-based 
polyurethanes. 

When MDI or TDI (10 ug) was added to ethanol solution 
(20 m l )  containing these amines up to the concentration of 
50 ug/ml, the HPX-ethyl urethane peaks obtained from the 
solutions were smaller than those obtained from pure 
ethanol. 

The MDI ethyl urethane peak obtained from ethanol 
containing TEA was reduced by 30 %, and when Desmorapid PP 
was present in ethanol no MDI ethyl urethane peak was 

found at all. The TDI ethyl urethane peak obtained from 
ethanol containing DABCO was reduced by 70 %. 

Since both TDI- and MDI ethyl urethanes are formed 
rather slowly (FIG. l), there obviously had been enough 
time for interfering reactions to occur. A suitable cata- 
lyst for the ethyl urethane reaction was therefore sought. 

Of all the compounds tested the best accelerator of 
the reaction rate proved to be a simple base: potassium 
hydroxide (KOH). The TDI and MCI ethyl urethanes formed 
inmediately in ethanol made alkaline with KOH (FIG. 1). 
The isocyanate ethyl urethanes formed quantitatively even 
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The react ion rate of TDI e t h y l  urethane (A) and MDI e t h y l  
urethane (B). The HPLC-peak height versus react ion time of 
TDI (A) and MDI (B) i n  ethanol 

0 i n  the  absence of c a t a l y s t  
0 i n  the  presellce of 0.01 % d i b u t y l t i n  d i l a u r a t e  
p i n  the  presence of 0.1 % d i b u t y l t i n  d i l a u r a t e  
)( i n  t h e  presence of 0.1 % potassium acetate 
0 i n  the presence of 0.02 % potassium hydroxide 
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i n  the  presence of TEA, DARCO and Desmorapid PP. Dibutyl- 

t i n  d i l a u r a t e ,  a c a t a l y s t  c o m n l y  used i n  urethane tech- 
nology, and potassium acetate a l s o  had s a t i s f a c t o r y  good 

catalyzing e f f e c t s ,  (FIG. 1) but they d id  not  counteract 
the in te r fe r ing  reactions.  

'Even a small amount of KOH in  ethanol is enough to 
catalyze the e t h y l  urethane react ion,  but when a i r  samples 
a r e  taken it is necessary to  add considerable more KOH to 
the  ethanol s ince  atmospheric carbon dioxide precipitates 
some of the  KOH to  potassium carbonate. 

The aromatic amines 2,4-TDA, MDA and MCCA d i d  not  
in te r fe re  with the  formation of e t h y l  urethanes. This w a s  
proved experimentally by adding TDI or MDI t o  ethanol t h a t  
contained these aromatic amines i n  amounts up to 5 equiv- 

a l e n t s  of t h e  isocyanate added. The react ion r a t e s  of TDI 
and MDI followed t h e  same curve as t h e i r  react ion rates i n  

pure ethanol when the  amines were not present. I n  ethanol 
with KOH t h e  e t h y l  urethanes formed immediately. 

Selection of t h e  RPLC conditions 
Acetoni t r i le ,  tetrahydrofuran and water (3:3:4) a s  

mobile phase gave good i s o c r a t i c  separat ion and shor t  
e lu t ion  times for  the  isocyanates (FIG. 2 ) .  The tetra- 
hydrofuran (W) was found to  improve t h e  shapes of the 

peaks when Rad PAK columns were used. In  later 
experiments with another comercial column (ODS-Hypersill 

THF had no apparent effect on the  shapes of the  peaks, and 
mere a c e t o n i t r i l e  and water was used as eluent .  

For t h e  determination of t h e  amines (2,4-TDA, MDA and 

MOCA) t h e  mobile phase was buffered with acetate. 
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- 
0 1  2 3 4 5  

MIN 

FI- 2 

Chromatogram of the ethyl urethane derivatives of the aro- 
matic isocyanates: 1. Phenyl isocyanate, 2. Toluene diiso- 
cyanate (TDI) , 3. Dher of 2,4-TDI (Desmodur 'IT) I 4. Di- 
phenylmethane 4,4 I -di isocyanate (MDI) , 5. Tr iphenyl- 
methane 4 I 4 I, 4 I r-triisocyanate (Desmodur R. ) Condit- 
ions: Rad PAK C18 column; tetrahydrofuran, acetonitri le 
and water (3:3:4) as mbile phase; flow rate 1 ml/min; 
sample volume 50 ul; detection at 245 rn and 0.04 AUFS. 

The retentions of MDA and TDA increased drastically when 
the pH decreased (FIG. 3). This phenomenon, which is in 
contradiction to the ion suppression theory (8), is 
possibly caused by the ability of acetate to form ion 
pairs. 
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PH 

FIGLTRE 3 

Plot of the capacity factor ( k r )  versus pf of the 
eluent: tetrahydrofuran, acetonitrile and water (3:3:4) 
buffered with 0.005 M acetate. 
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nm 

I I I 1 

.O 4.0 5.0 6.0 7.0 pH 

The UV absorbance of 2,4-TDA versus @*of the eluent. 

A phosphate buffer was also tested for the pH control 
of the eluent. No significant changes in retention times 
were obtained in the pH“range 4.5-7.0. 

Below pH*4.5 a slight reduction was found in the retention 
of both 2,4-TDA and MDA. 2,4-TDA and MDA behaved according 
to the mechanism of ion suppression proposed for weak 
bases (81, but for the regulation of the retention times 
the phosphate buffer w a s  not suitable. 

The pH had a clear effect on the intensity of the 
W-absorbances of 2,4-TDA and MDA (FIGS 4 and 5), but no 
effect on the W absorbances of MOCA, TDI ethyl urethane 
or MDI ethyl urethane. The W-absorbances of 2,4-TDA and 
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a 
0 
v) 
n 
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217 nm 

I I 1 I 

4 .O 5 .O 6 .O 7.0 pH 

FIGURE: 5 

The W absorbance of MDA ver sus  pH*of t h e  e l u e n t .  

MDA a t  245 nm (a wavelength s e n s i t i v e  enough t o  determine 
all t h e  p r e s e n t  substances)  is shown as a func t ion  of t h e  
pI-r"in FIG.  7. The maximum absorbance for MDA is found 
between pH'5.5 and 7.0, whi le  t h e  absorbance of 2,4-TDA is 
75 % of its maximum i n  t h i s  pH range. 

The maximum W absorbance of 2,4-TDA and TDI ethyl  
ure thanes  was found a t  210 nm. when greater s e n s i t i v i t y  
was requi red  the RPLC runs  were done near  t h i s  wavelength. 
It w a s  possible t o  use  t h e  wavelength 220 nm when THF, 
a c e t o n i t r i l e  and water wi th  acetate buf fe r  was used as t h e  
e luen t .  
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MDA 

2,4-TDA 

FIGURE 6 

The W absorbances of 2,4-TDA and MDA as function of pH"of 
the eluent at 245 nm. 

The use of acetate buffered eluent in the pH"range 
5.5-7.0 is favored both by the retention behavior and 
W-detectability of these aromatic mines. By selecting a 
suitable pH value in this pH range the elution sequence of 
the compounds can also be changed (FIG. 7 ) .  

Detection limits and molar absorption coefficients 
The detection limits of the method at 245 run, are on 

the order of about 1 x - 5 x mg/m3 based 
on 10 1 air samples (1 x 10-4 - 10 x 10-4 ppm at 
25OC and 760 mmHg). The exact detection limits of the 
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FIGURE 7 

The effect of pH ' of the  e luent  on the  chromatograms of 
1. MDA 2. MDI e t h y l  urethane 3 .  TDI e t h y l  urethane 4. TDA 
and 5. m. 
Eluent: Tetrahydrofuran, a c e t o n i t r i l e  and water (3:3:4) 
buffered with 0.005 M acetate to pH" 5.85 (A) and pH 5.50 
(B) . 
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TABLE 

The mlar Absorption Coefficients of MDI and TDI ethyl 
urethanes and Amines at pH*6.0 : 

The compound: 245 nm 220 nm 

MDI-ethyl urethane 47.1 103 28.6 103 
MDA 16.9 103 - 
TDI-ethyl urethane 26.7 103 36.7 103 
TDA 5.0 x 103 11.0 103 
MOZA 13.9 103 - 

mines depend on the pH of the eluent. The molar 
absorption coefficients are given in the Table. 

DISCUSSION 

The advantage of this method is its versatility. Many 
of the most hazardous chemicals present in the occupa- 
tional environment where polyurethanes are manufactured 
can be determined simultaneously from the same sample. 
Most of the previously published KPLC methods for iso- 
cyanates emphasize the separation of different iso- 
cyanates from each other. Seldom, however, are there more 
than one or two different isocyanates at the same work- 
place. The aromatic isccyanates are widely used, while 
aliphatic isocyanates are usually used only for special 
purposes. The ethyl urethane derivative is highly stable, 
and standards and samples can be stored for long periods 
without deterioration. Ethanol is a readily procurable 
reagent and since it does not absorb in the ultraviolet 
region it is superior to amine-based reagents. 
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46 8 NIEMINEN, SAARINEN, AND LAAKSO 

The addition of KOH as catalyst assures that the reaction 
takes place so rapidly that disturbing side reactions are 
avoided . 

The acetate buffer was found easy to use for regu- 
lating the retention of the amines, though the mechanism 
of its behavior is not yet fully understood. The unreacted 
silanol groups in the column can adsorb protonated amino 
groups, an effect which is minimized by phosphate ions 
(9 ) .  Consistent with this the retention times of 2,4-TDA 
and MDA showed a @-dependent increase in acetate buffers 
below @I* 7.0, whereas the retention times in phosphate 
buffers were practically constant from @Iv 2.0 to pH 7.0. 
However, when a mixture of acetate and phosphate buffer 
was used, both 2,4-TDA and MDA showed the same 
pH-dependent increase in retention times as in acetate 
buffer alone. This finding supports the assumption that 
the pH-dependent retention behavior of aromatic amines in 
acetate buffer is explained by the ion pair mechanism. 

We thank Pb. Paivi Huovila, M.Sc., M s .  Marja-Leena 
Dahlberg and Mr. Pentti Laukkanen, M.Sc. for their 
cooperation. 
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