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JOURNAL OF LIQUID CHROMATOGRAPHY, 8(4), 677690 (1985) 

DETECTION OF TOXIC COMPOUNDS IN 
POLYURETHANE FOOD BAGS BY LIQUID 

CHROMATOGRAPHY/ELECTROCHEMlSTRY 

Colleen J .  P. Ward, D. M. Radzik, 
and P. T. Kissinger 

Department of Chemistry 
Purdue University 

West Lafayette, Indiana 4 790 7 

'Ihe application of liquid chromtography/electrochdstry 
(LCEC) for the determination of toxic by-products of boilable 
cooking pouches including, 2,6-toluenediSrmine (2,64DAl , 2,4- 
toluenediamine (2,41DA), aniline and phenol, in aqueous 
solutions is demonstrated. Separation was achieved on a 5 pm 
ODs reverse-phase c o l m  with a mobile phase consisting of 7.0% 
acetonitrile and 93.0% 0.1 M amnonium acetate buffer, pH 5.40. 
Detection of conpounds was acconplished using a thin layer 
arrperometric detector. Samples were directly injected without a 
pre-concentration or clean-up procedure. All of the potentially 
harmful conpunds found to migrate out of the polyurethane walls 
of the boilable cooking pouches were routinely detectable at 
levels less than one picomole. 

Copyright 0 1985 by Marcel Dekker, Inc. 
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618 WARD, RADZIK, AND KlSSINCER - 
Fmently there has been concern about the potential 

toxicological and cancer-inducing activity of some of the 
primary aromtic amines (1) , and phenol families (21, therefore 
sufficient means of detecting and quantitating their presence is 
inportant. 

Two diamines, 2,6-toluenediamine (2,6"IDA), and 2,4- 
toluenediamine (2,4- have previously been detected in 
aqueous solutions of boilable cooking bags (3). They are 
intermediates in the production of toluenediisocyanates used in 
the manufacture of polyurethanes (4). In 1982, production of 
the mixture of 2,4- and 2,6- (80/20) by U.S. industry 
reached 555,994 million pounds. 2,4-Tbluendiamine production 
alone was 162,173 million pounds (5) . 2,44bluenediamhe, 
previously a c o m n  ingredient used in hair dyes, was removed 
from such preparations in 1971 when it was reported that rats 
fed a diet of 0.1 or 0.06 percent 2,4- developed liver cancer 
(6). Tests with Salrronella typhmrium have shown 2,4-lYlA to 
cause frame-shift mtations in the mtant strain TA1538 (7). 
The National Cancer Institute has reported an elevated, but not 
statistically significant incidence of bladder and kidney tumors 
associated with rats treated with 2,4* (8). It has been 
reported that there is a dose dependent relationship between the 
administration of 2,4- and the incidence of hepatocellular 
tumor development in rats and female mice (9). The 2,6- 
isomer has been suspect in causing elevated levels of kidney and 
liver tumors in rodents (7). Although potentially harmful in 
sune biological system, the toxic effects of 2,4- and 2,6* 
in man has not been established. 

the 2,4- and 2,6- isomers, including XW (3,101 , W(11) , 
and CX (12-14). These methods are either too time consuming, 

Several methods have been reprted for the determination of 
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TOXIC COMPOUNDS IN POLYURETHANE BAGS 679 

require clean-up, and pre-concentration steps, derivatizatians 
and other reactions, or they are not sensitive enough to detect 
the co~pounds at the levels at which they exist in real sanples. 

Approximately 665 million pounds of aniline and 2.61 
billion pounds of phenol were produced in the U.S. in 1983 
(17). Despite such widespread use, neither conpound has been 
adequately tested for toxic or carcinogenic effects. Hawever, 
aniline (18, 191, and phenol (20) are considered acutely toxic 
substances. Aniline and phenol have been s h  to be easily 
determined by KX(15,16). 

The potentially toxic consequences of direct exposure of 
the public to 2,44W4, 2,6-, aniline, and phenol is a great 
concern. With the availability and general acceptance of 
boilable cooking bags, it is necessary to determine those 
chemicals that can migrate from the polyurethane food bags into 
the contents of the bag. 
chemistry provides a sinple, direct approach with low detection 
limits for the determination of 2,4-, 2,64DA, aniline and 
phenol in real sarrples. 
phenol have been directly detected in aqueous solutions of 
boilable cooking pouches. 

Liquid chromatography/electro- 

This is the first time that aniline and 

A Bioanalytical System comrcial LC-154 liquid 
chromtograph was used in all studies (Bioanalytical Systems, 
Inc., West Lafayette, IN). The system consisted of an LC-4B 
arrperometric detector equipped with either a glassy carbon, 
single or a dual-electrode set in parallel configuration. 
column was a Biophase 5-llm ODs coluxm (250 x 4.6d from 
Bioanalytical Systems. A rotary injection valve with a 100-pL 
injection loop was used in all experiments. 

The 
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680 WARD, RADZIK, AND KISSINGER 

olemical standards were purchased from the following 
sources: 2,rl-diaminOtoluene (2,rl-toluenediamine) , and 2,6- 
diaminotoluene (2,6-toluenediamine) , Aldrich, Milwaukee, 
Wisconsin; aniline and phenol, Mallinckrodt Inc., St. m i s ,  
Missouri. Euffers were prepared with distilled - deionized 
water and filtered through a Nylon46 filter with a pore size of 
0.2 pm. Acetonitrile was distilled in glass and filtered 
before use. All other corrgwnds were of the highest available 
reagent grade. 

Procedure for 

Consumer available, boilable cooking pouches (8" x 9") were 
used for all experiments. Bags were filled with 25 mL of 
distilled - deionized water or various pH buffers. Prior to 
boiling, inert glass beads were added to weigh down the bags. 
All bags were thermally sealed with a Dazep, "Sedl-a-Meal" 
(model 5005) and introduced into boiling distilled - deionized 
water. The length of boiling time is as stated in the text. 

For the separation and detection of standards, a mobile 
phase of 7.0% acetonitrile and 93.0% 0.1 M armpnium acetate 
buffer, pEl 5.40 was utilized. The mobile phase was filtered and 
degassed prior to use. The flaw rate was 1.5 Umin.  The 
detector potential was poised at +850 mV versus a Ag/AgCl 
reference electrode, unless otherwise specified. 

Chromatographic retention time offers a means of 
identification based on the conparisan of an unknown to a 
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TOXIC COMPOUNDS IN POLYURETHANE BAGS 681 

standard. Capacity factor, k', is the value most often carpared, 
when holding mobile phase conditions constant for sanples and 
standards. In addition, electrochemical detection using a thin- 
layer amperometric cell all- for the characterization of 
conpounds based on their electrochemical properties. In order to 
choose an appropriate operating potential (at which to work), a 
normalized hydrodynamic voltamnogram for each standard is 
prepared. A detailed discussion of the preparation of a 
nomlized hydrodynamic voltamnogram has been presented elsewhere 
(21). 
retention time with standard peaks are the same ccqxmd, 
electrochemical characteristics may be conpared. The current 
response observed for the sanple and standard peaks at various 
potentials were conpared to their current response at the 
limiting current plateau. These current ratios are most 
accurately obtained by utilizing a dual electrode detector in the 
parallel-adjacent configuration. The potential of one electrode 
is varied, while the second electrode is poised at a potential on 
the current limiting plateau. Current ratios for sanples and 
standards were collected and conpared. These ratios can be used 
as a secondary proof of peak identity. 

In order to verify that sanple peaks eluting at the same 

Standard curves were prepared and used to quantitate sanples. 

The liquid chromatographic separation of 2,6-, 
2,4-, aniline and phenol is shown in Figure 1. It was 
observed that a slight change in the pH of the mobile phase 
greatly altered the retention time of the amines. It has 
been reported (31, that phosphate buffers below pR 6.5 cause peak 
broadening and hence poor resolution of the toluenediamines. 'Ihe 
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682 WARD, RADZIK, AND KISSINGER 

J- 
1 
10.0 nA 

0 4 8 12 16 20 
minutes 

FIGURE 1. KEC oxidative chromatogram of standards. 
Chromatographic conditions: BAS RP C-18 colunn, mobile phase of 
7% acetonitrile and 93% 0.1 M NH4W' buffer, pH 5.4,  flow rate 
of 1.5 Umin.  100 fi injection volume, glassy carbon working 
electrode at M.85 V vs a Aq/AgCl reference electrode. 

amnonium acetate buffer at pH 5.40 gave sharp peaks and adequate 
resolution of the toluenediamines with an injection volume of 
100 PL. Hydrodynamic voltamnograms for the four standards are 
shown in Figure 2. 

All coItpounds studied were detected linearly over three 
orders of magnitude. The detection limits for all c o w  of 
interest were belaw one picomole (Table 1). 

of 

A chromatogram for a sanple of distilled - deionized water 
that was boiled in a polyurethane food bag is presented in Figure 
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TOXIC COMPOUNDS IN POLYURETHANE BAGS 683 

E, Volts 

0 

FIGURE 2. Normalized hydrodynamic voltanunograms of (A) aniline, 
(B) phenol, (C) 2,64DA, and (D) 2,443A. 

Linear Regression Analysis for Some Conpounds That 
Migrate From Polyurethane Food Bags 

- - ---- - 
RAM;E SLOPE Y CORREIATION 

cuaJouw ( p l )  b (~10-2) 1- CDEE'FICIE" - 
Phenol 0.52-5242 1.82 1.43 0.999 
2,6-Diaminotoluene 0.77-5140 5.22 4.90 0.999 
2,4-Diaminotoluene 0.81-4882 3.17 3.65 0.999 
Aniline 0.50-2000 4.63 -4.12 0.999 

ay = peak current response, nanoamp; x = picomles injected. 

bRange is based on the responses of at least seven starldards. 
The lawer end of the range is the limit of detection. 
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684 WARD, RADZIK, AND KISSINGER 

1 
D 

-I- 

1 
0.1 nA 

h m  
4 

4 8 12 16 20 

minutes 

FIGURE 3. Chromatogram of a sarrple taken from a polyurethane 
bag that was boiled with 25 mL of water. (A) 2,6-, (B) 2,4- 
m, (C) aniline, (D) phenol. Chromatographic conditions: 
BAS RP C-18 column, mobile phase of 7% acetonitrile and 93% 0.1 
M NH4+OAC’ buffer, pH 5.4, flow rate of 1.5 mWmin. 100 ILL 
injection volume, glassy carbon working electrode at 0.85 V vs a 
&/AgCl reference electrode. 

3. The chromatographic conditions were identical to those used 
to separate standards. Conparison of capacity factors, k’, and 
electrochemical current ratios of standard and sample peaks allow 
for the positive identification of sanple components. 
Electrochemical current ratios were obtained using the dual- 
parallel electrodes as explained previously under the Materials 
and Methods section. Table 2 and 3 list the values for the 
conparison of standards and sample conponents. 

-Ium-&i€ 
The purpose of these experiments was to determine the 

influence pH has on the concentration and species found to 
migrate from the polyurethane matrix into the contents of the 
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TOXIC COMPOUNDS IN POLYURETHANE BAGS 685 

Voltamnetric Characterization of 
2,6 and 2,4- Diaminotoluene 

-- 
k' +650 mV +550 mV +500 mV +450 mV 

~ 

2 ,6-Diaminotoluenea 
Standard 2.35 0.74 0.19 0.05 0.02 
Bag Boiled 
With Water 2.44 0.65 0.15 0.09 0.04 

Standard 3.98 0.74 0.51 0.21 0.04 
Bag Boiled 

2,4-~iaminotoluene~ 

With Water 3.99 0.79 0.44 0.20 0.086 

qurrents normalized to that observed at +go0 mv. 

TABLE3 

Voltamnetric Characterization of Aniline and Phenol 

k' +lo00 mV +950 mV +900 mV +800 mV +750 mV - 
Anilinea 
Standard 8.00 - 1.00 0.84 0.22 0.04 
Bag Boiled 
With Water 7.98 - 1.00 0.85 0.21 0.05 

phenolb 
-- - Standard 10.75 0.94 0.81 0.64 

Bag Boiled 
With Water 10.73 0.89 0.76 0.65 -- - 
%rrents normalized to that observed at +950 mV. 
brrents normalized to that observed at +1.05 mV. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



686 WARD, RADZIK, AND KlSSlNGER 

bag. Three buffers - pH 3.50 (ammnium acetate) , 6.00 (ammonium 
acetate) and 8.20 (sodium phosphate) - of ionic strength 0.01 
were boiled in the food bags (8" x 9"), for one hour. lOOpL 
sanples were directly injected onto the liquid chromatographic 
system. Conpounds were quantitated based on standard 
calibration curves. For each buffer, three trials were run and 
the amount of 2,4-TnA, 2,6- and phenol were quantitated as 
an average. (Table 4). There was no observable change in the 
migration pattern of the conponents at pH 3.50 or 6.00. "he 
concentration of conponents found in the polyurethane bags 
boiled with the pH 8.20 buffer showed a distinct increase. The 
concentration of phenol detected was more than twice that 
determined at pH 3.50 or 6.00. 

The results indicate that the migration of chemicals could 
possibly be base catalyzed. This data suggests alkaline food 
substances m y  enhance the migration of chemicals into the 
contents of the bag. The lack of data for the aniline component 
m y  be explained by the variations in the batches of 
polyurethane food bags produced. The batch used in these 
experiments did not yield any data that could be deemed 
statistically correct. 

of on 0 .  

A pH 8.20 buffer of ionic strength 0.01 was selected to be 
boiled in the polyurethane bags. The rnaxirmm boiling time for 
the three bags used was three hours. A syringe was used to 
collect 300 pL aliquots from each of the bags at specific time 
intervals after the start of boiling. A 100 pl injection volume 
from each aliquot was then directly injected into the 
chromtographic system. Peaks were quantitated based on 
standard calibration curves. Figure 4 shaws a plot of 2,4-JIDA, 

and 2,6-TnA, detected at the various boiling times. Both 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
4
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TOXIC COMPOUNDS IN POLYURETHANE BAGS 687 

'IIABLE4 

Influence of p~ on the Detection of compoundsa 

PH of Buffer 2,64DA(pnol) 2,44lX(pl) Phenol (pl) 

3.50 0.9W .06 0.9l.M .60 2.06s .30 
6.00 0.81H. 04 0 . 9 H  .60 2.0W.34 
8.20 1.05s .03 1.18s. 62 5 . 5 m  .32 

aThree buffers of different pH and constant ionic strength 
(0.01) , were boiled in polyurethane food bags (8"x9") , for 
1 hour. Values are the means of 3 trials &standard 
deviation of the mean expressed as p l .  E = +1.00 V. 

18.01 

15.01 

J I * .O l  

A 

0 

A 
A 0 
0 

0 " ' ~ ' ~ ~ ' " " ~ " '  30 60 90 120 150 I80 
minutes 

FIGURE 4. Concentration of 2,64lAf 0 , and 2,4-1DAf A , 
produced over time. 25 mL of pH 8.20 phosphate buffer with a 
ionic strength of 0.01 was boiled in polyurethane bags and 
sampled at various times; E = +1.00 V. 
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688 WARD, RADZIK, AND KISSINGER 

components show a steady increase in the amount migrating with 
time. At the end of the three hour boiling period there was no 
evidence that the rate of migration was slowing. 

CO" 

This report demonstrates the applicability of liquid 
chromatography/electrochemistry for the determination of 2,4- 
TaA, 2,6*, aniline and phenol in aqueous extracts of 
boilable cooking bags. The selectivity of UXC allwed for the 
direct determination of migration conponents without a clean-up 
or preconcentration step. peak identities were confirmed based 
on retention time and voltamnetric characterizations. The 
superior detection l M t s  achievable with the electrochemical 
detector corrbined with the separation capabilities of liquid 
chromatography, easily allows the determination of trace 
quantities of these species. 
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