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2,5-Hexanedione excretion after occupational
exposure to n-hexane
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ABSTRACT The urinary excretion of the n-hexane metabolite 2,5-hexanedione (HD) was determined
in four shoe factory workers during four workingdays that were preceded by four free days and
followed by two free days. The correlation between excretion ofHD and the n-hexane concentrations
in the workroom air was evaluated. The air concentrations ofn-hexane and those ofacetone, toluene,
and other organic solvents were monitored with charcoal tubes. All the urine from each worker was
collected at freely chosen intervals during the experimental period and the following two free days.
The samples were analysed by gas chromatography. The relative excretion of HD increased as the
exposure to n-hexane increased, although it seemed thatHD accumulated progressively in the body at
the highest n-hexane concentrations and at higher total solvent concentrations.

Occupational exposure to n-hexane has been shown to
be particularly high in the shoe industry and exposure
of workers in shoe factories has been evaluated by
means of alveolar air, blood, and urine tests.`'-

Urinary biological monitoring methods are availa-
ble for the main metabolites 2-hexanol, 2,5-dimethyl-
furan, gammavalerolactone and 2,5-hexanedione
(HD).'-2 2-Hexanol is the main metabolite in animals
but in man is only marginally important.6 7
Gammavalerolactone is not considered a specific or
"true" metabolite of n-hexane' and some analytical
problems exist for 2,5-dimethylfuran.2 Tox-
icologically, the most interesting metabolite is HD
because it is the primary cause of n-hexane induced
peripheral neuropathy.6

Co-exposure to other solvents such as methyl ethyl
ketone and acetone induces n-hexane neurotoxicity.89
The effect of this induction can be perhaps detected by
HD measurement.

Studies on the rat have shown percutaneous absorp-
tion of n-hexane to be low, about 0-012 nmol/cm2/
min.' Therefore, absorption of n-hexane in exposed
workers occurs almost entirely through the respiratory
system. In the present study the urinary excretion of
the n-hexane metabolite HD was determined in shoe
factory workers during a period of several workdays.
The correlation between the metabolite and the n-
hexane concentrations in the workroom air was also
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evaluated. The purpose of the study was to find the
optimal urine sampling time for HD through the
construction of an elimination profile for HD.

Methods

SUBJECTS
The study was performed on four healthy women aged
41--54. Their body weight ranged from 77 to 88 kg and
their height from 161 to 172 cm. They continued at
their normal job throughout the experiment, which
lasted for four consecutive days. For the four days
immediately preceding the experiment and the two
days immediately after it they were on holiday.

ENVIRONMENTAL AND URINARY SAMPLING
n-Hexane and other organic solvent concentrations
were measured in the breathing zone of the workers
using charcoal tubes. Air concentrations were mon-
itored during the whole exposure period ofeight hours
a day. The charcoal tubes were changed after every
hour and stored at + 4°C before analysis by gas
chromatography (GC). Altogether 128 air samples
were analysed.

All the urine from each worker was collected at
freely chosen intervals during the experiment and the
following weekend, except for samples taken just
before and just after work. The 181 urine samples were
kept at - 20°C before analysis by GC. The specific
gravity, creatinine, and volume of each sample were
also determined.
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ANALYSIS
After desorption with CS2 the analysis of the air
samples was performed with an HP 5880A gas
chromatograph equipped with a flame ionisation
detector and an HP 7631 autosampler. A fused silica
capillary column (50 m x 0 32 mm) coated with 5%
phenyl methyl silicone (Ultra No 2, Hewlett Packard
Co) was used. Helium was used as the carrier (1 7 ml/
min) and make up (25 ml/min) gas. The column
temperature was programmed as follows:40°C for five
minutes, an increase of 10°C a minute up to 1 50°C, and
150°C for three minutes. The injector and detector
temperatures were 180° and 220°C respectively. The
injection volume was 2Mt, and the splitting ratio was
10:1.
The coefficient ofvariation ofduplicate assays for n-

hexane was less than ± 2%, and for all other solvents
less than + 5%.

Urinary HD was measured with a slightly modified
version of the method of Perbellini et al.' The samples
were not evaporated before the analysis by GC.
External standards were prepared in mixed human
urine and handled as samples. Cyclohexane was used
as an internal standard. A spiked quality control
sample was used. The coefficient of variation of the
quality control assays within runs was 8 8% at a
concentration level of 3 umol/l and the detection limit
of the method was about 0 5 jmol/l. This corresponds
to an eight hour time weighted average (TWA) air
concentration of n-hexane of about 7 mg/m3. The
concentrations of HD were corrected to a specific
gravity of 1024 and compared with creatinine
corrected results.
Results

Table 1 shows the concentrations of the main solvents
in the breathing zone of the workers during the four
day study period. The exposure to n-hexane varied
from moderate (34 mg/m3, 35 mg/m3, 109 mg/m3 (three
workers)) to low (7 mg/m3 (one worker)). Table I also
shows the hygienic effect (HE) of the compounds
presented. The HE is the ratio between the measured
concentration of the compound and its occupational
exposure limit (OEL); the total HE is the sum of the
ratios of all compounds, the OEL then being 1 0. The
HE of n-hexane varied greatly by comparison with the
total HE. In cases in which the HE ofn-hexane was less
than 15% of the total HE, exposure to acetone and
toluene was relatively high (workers 3 and 4).

In addition to the main solvents n-hexane, acetone
and toluene, low concentrations of other solvents
including methyl ethyl ketone, ethanol, ethyl acetate,
and aliphatic hydrocarbons were found. The concen-
trations of the n-hexane inducer methyl ethyl ketone
was low in all cases: eight hour TWA 4-16 mg/m3,
OEL 440 mg/m3.
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Table 1 Eight hour TWA concentrations ofmain solvents in
the breathing zone ofthe workers during the study period. The
hygienic effect (HE) * ofthese compounds and the totalHEt of
all the compounds are calculated and compared

Solvent concentration
Mean Range Mean HE
(mg/m3) (mg/m3) HE Total HE x 100

Worker 1:
n-Hexane 108 7 536-254 9 0 30 54
Acetone 33.4 254- 374 003 5
Toluene 23 6 20 3- 27.0 006 11
Total HE 0 56 100

Worker 2:
n-Hexane 338 158- 56.9 009 31
Acetone 84 0 69-1- 97.7 0 07 24
Toluene 11.3 94- 12-0 0-03 10
Total HE 0-29 100

Worker 3:
n-Hexane 34.6 220- 43-2 0 10 14
Acetone 323-3 2081-393-4 0-27 36
Toluene 108 4 964-124 5 0-29 39
Total HE 0 74 100

Worker 4:
n-Hexane 6-8 5 8- 76 002 5
Acetone 242-9 182 2-300-5 0-20 50
Toluene 499 43 1- 656 0-13 33
Total HE 0-40 100

The Finnish occupational exposure limit, as the eight hour TWA
concentration, is: 100 ppm (360 mg/m3) for n-hexane, 500 ppm (1200
mg/m3) for acetone, and 100 ppm (375 mg/m3) for toluene.
*Defined as the ratio between the measured concentration of the HE
compound and its occupational exposure limit.
tDefined as the sum of the ratios of all compounds.

The total respiratory absorption of n-hexane during
the study period was estimated and compared with the
total urinary excretion ofHD (table 2). The estimation
of the total absorption of n-hexane in the body was
based on the assumption of a mean ventilation rate of
10 1/min and a hexane uptake of 17% of the total
respiratory intake.3 The relative excretion ofHD (the
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2,5-Hexanedione excretion after occupational exposure to n-hexane

Table 2 Total absorption of n-hexane (Hex) in the body
compared with total excretion of 2,5-hexanedione (HD)
duringfour days ofexposure to n-hexane

ZHex 2HD IHD x loo Relative
Worker (mg) (mg) EHex excretion*

1 352 5 03 1-43 100
2 110 0325 029 21
3 112 0824 074 54
4 22 0 007 0-03 2

*Calculated with the total excretion: total absorption ratio ofthe most
exposed worker as 100 and the corresponding ratios of the other
workers as the percentage of 100.

most exposed worker having been given a value of 100,
see table 2) increased as the exposure to n-hexane
increased. The excretion ofHD in relation to n-hexane
uptake was highest in worker 1. HD seemed to
accumulate progressively at higher n-hexane concen-
trations. A comparison of the n-hexane uptake with
the HD excretion and the HE of n-hexane, and with
the total HE, ofworkers 2 and 3 (tables 1 and 2) shows
non-linear accumulation ofHD at higher total solvent
concentrations.

The profiles of the n-hexane air concentrations and
the HD excretion of the most exposed worker are
shown in the figure. The high exposure on the second
day affected the HD profiles of the next two days. In
the case of the three workers with lower exposure there
was no progressive accumulation of HD during the
exposure period. The HD concentrations corrected to
a specific gravity of 1-024 have been used. These results
correlate well enough with the creatinine corrected
results (r = 0 97). The linear regression equation
between results corrected for specific gravity (x, ,mol/
1) and those corrected for creatinine (y, mmol/mol
crea) is y = (0 073 + 0 002) x + 0-004.
The HD concentrations four and 24 hours after the

beginning of the workshift were 54 8 and 45- 1% of the
maximum HD value on the same day (table 3), and the
end shift concentration was 71-4%. The maximum
HD concentration occurred four to seven hours after
the end of the exposure.

Regression data between the eight hour TWA
concentration of n-hexane in the air (Hex>,) and the
HD urinary excretion [HD,) of the three most exposed

Table 3 Morning (0-4 hours) and whole shift (0-8 hours) concentrations of the n-hexane (Hex) and 2,5-hexanedione (HD,)
concentrations at different sampling times (t) by comparison with the HD maximum concentration (HD,,._,) on the same day.
Time is the time difference between HDm,, and HD,

Hex0 4 .L4 x 100 Hexo0g HWs x l,o 1D,4 x time
Worker Day (8 h TWA, mg/rm3) HDba,, (8 h TWA, mg/m3) HD_, HD, tim

I 1 23-4 21-2 53-6 62-9 38-6 4-4
2 46-8 14-7 254-9 65-0 61-7 9-4
3 35-6 81-0 68-8 100 19 0 0.0
4 56-9 56-5 35-6 565 26-8 5-5

2 1 35-6 25-8 35-6 49-5 83-3 4-3
2 8-6 82-6 36-7 90-8 66-4 3-4
3 12-6 77-9 26-3 91 9 33-1 6-5
4 13-0 100 15-8 92-4 73-3 6-0

3 1 25-6 219 43-2 95-1 - 114
2 16-6 57-9 22-0 56-2 68-8 4-1
3 11-9 30 4 41 8 49-2 - 4-4
4 11-9 73-6 306 100 - 00

Mean 548 714 45.1 5-33
SD 30-2 200 23.1 1-45

Table 4 Linear regression analysis between the concentrations of 2,5-hexanedione (HD,) and the eight hour TWA
concentrations ofn-hexane (Hex,,) at different sampling times (t) andestimatedHD valuesfor an n-hexane concentration of180
mg/im3 (HD ,z? gm' )

Variables
x y Slope Correlation HD,^,m
(mg/m3) (9mol/l) No 95% CL Intercept coefficient (pmol7I)

Hex04 HD4 12 0267 ± 0-343 -146 048 466 ± 617
HeX4 HD, 12 0296 ± 0193 -211 0.73* 512 ± 348
Hex,8 HD, 12 0074 ± 0046 +0-85 0.75* 14 2 ± 8-3
Hex,, HDmax 12 0-117 ± 0-086 +1 85 0-69* 22-9 ± 155
Hex,, HD24 12 0071 ± 0015 -090 0-96** 119 ± 2 8
Hex3 8 HD,-HD, 12 0-060 ± 0-019 -0 99 0-92** 9-8 ± 3 4
Hex,,8 HD,,,,-HD,, 12 0-102 ± 0-039 +0 13 0-88** 18 5 + 7 0

CL = Confidence limit.*0.005 <p<O0OO; **p<0001.
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workers at different sampling times (t) are shown in
table 4 as are the estimated HD concentrations
corresponding to a 180 mg/m3 (50 ppm) eight hour
TWA n-hexane air concentration. The best correla-
tion, r = 0-96, was calculated with the HexO5 concen-
tration and the HD24 (next morning) concentration. In
this case, however, the sensitivity to detect exposure
changed from 7 mg/m3 to about 40 mg/m3. Good
correlations were also determined for the last two
cases in the table by subtracting the preshift concentra-
tion (HD,) from the postshift concentration (HD8) or
from the maximum concentration (HDmax).
The estimated HD concentration (HD8 - HDO)

corresponding to a 180 mg/m3 (50 ppm) n-hexane eight
hour TWA air concentration was 10 + 3 imol/l.
Without preshift elimination (HD8) it was 14 + 8
umol/l. The 95% confidence limits of the estimated
values were large, partly because of the small number
of observations (n = 12).

Discussion

Measuring urinary HD in industries using n-hexane
provides information about the degree to which
workers are exposed. At high exposure levels of
n-hexane, and also of other solvents, the excretion of
HD seems to be enhanced. High exposure may affect
the excretion ofHD for at least two days.

In earlier studies end of shift results have been used
in regression analyses of n-hexane air results.'"3 In
these studies the estimated urinary HD concentrations
corresponding to an n-hexane air concentration of 180
mg/m3 (50 ppm) were 16 ,umol/1,2 48 ymol/l', and 3
mmol/mol crea (about 40 ,mol/1). Our own value was
14 jumol/l (about 1 mmol/mol crea). These differences
may be due to lack of elimination of n-hexane
absorbed on days preceding the sampling and in the
two studies with the highest exposure levels the HD
values were also the highest, probably because of the
progressive accumulation of HD.
For measurements of exposure we suggest that

industrial hygiene surveys be used, with urine sam-
pling immediately preceding and following the work-
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shift. By this procedure knowledge is obtained of the
exact exposure on the sampling day (HD5-HDO) and
any high exposures on the two days immediately
preceding the measurement day (HDO). In such cases
the reference value for urinary HD would be 10 Mmol/l
(about 0 7 mmol/mol crea), which would correspond
to an eight hour TWA n-hexane air concentration of
180 mg/m3 (50 ppm) on the sampling day. The HD
value represents the difference between the postshift
and preshift samples.

We thank Mrs Marja-Liisa Aijala and Mr Matti
Peltonen for carrying out the analyses by GC and Mr
Rauno Liius for performing the statistical analysis of
the results.
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