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To analyse working conditions and to provide information
about the degree to which shoe workers are exposed to 
n-hexane, the urinary excretion of total 2,5-hexanedione 
(2,5-HD) was determined in 81 employees in 12 shoe factories.
Twenty-five individuals who had experienced no exposure to
solvents were used as controls. 2,5-HD was measured in spot
urine samples collected from workers at the end of shift. In
the urine of shoe workers, the 2,5-HD presented a mean value
of 2.33 mg g± 1 creatinine, a median of 1.96 mg g ± 1 creatinine.
The mean 2,5-HD concentration in the urine samples from
non-exposed subjects was 0.28 mg g± 1 creatinine, the median
value was 0.18 mg g ± 1 creatinine. The mean time-weighted
average (TWA) concentration of n-hexane in 12 shoe
workshops was 126.1 ppm, ranging from 23 to 215 ppm. We
found a significant, but low, correlation (r = 0.40; p < 0.001)
between TWA intensity of environmental exposure to n-hexane
and the concentration of 2,5-HD in urine. The probable effect
of toluene on the concentration of 2,5-HD was also discussed
in the present study.

Keywords: n-hexane, 2,5-hexanedione, urine, biological
monitoring.

Abbreviations: ACGIH, American Conference of Governmental
Industrial Hygienists; BEI, biological exposure index; GC, gas
chromatography; 2,5-HD, 2,5-hexanedione; NIOSH, National
Institute of Occupational Safety and Health; SD, standard
deviation; TLV, threshold limit value; TWA, time-weighted average.

Introduction
n -Hexane is  one of  the most po pular  const i tuents  of  so lvent-

co ntain ing  in du st r ia l  prod ucts,  desp ite  i ts potency  as a

n e u ro to xin.  n -hexane is  believed  to  exert  i ts  n euro toxic  effec t

via  the  major  metaboli te , 2,5-hexanedione (2,5-HD) (Krasavage

et al. 1980,  Perbel lini et  al. 198 1) .

Analysis  of  u rinary 2,5-HD has been suggested  for  the

bio logica l monitoring of  n -he xan e ex po su res by several

authors (Perbellini  et al.  19 81,  A ho nen an d S chim b erg  1988 ,

Kaw ai et  al.  1991, Per iago et  al. 1993),  a lthough som e re su l ts

on  th e correlat io n b etween  env ironm ent concentr at ion  of  

n -h e xa ne  a nd  ur ina ry  excret ion of  2,5-HD show  som e degree of

var iabil ity (Iwata et al. 1983,  Kawai et  al.  1991 , Saito et al.

1991).  T he im portance  of  n -h exan e exp osure  mo nitor ing  has

also  been emp hasized  by the o bservation of  test icu lar  toxici ty

and of  m odu lat ion  of  th e im m une sy stem  in ex perim en tal

an im als  and  hu m ans (N y len  et al . 1983, Karakaya et  al. 1996) .

T h e n um ber s of  p oly neuro path y c ases ca used b y

oc cup ation al  ex po sure  to  n -h exane are st i ll  of  concern  for  our

c o u n t ry. How ever, to  our kno wledge, the ur inary 2,5 -HD levels

of Turkish shoe-m aker s po tential ly  exposed to  n -hex ane hav e

no t bee n previou sly  re p o rted. Th e aim  of the s tudy was to

analyse w orking cond it ions an d to  provide inform ation  a bo ut

the degree to  w hich sho e wo rker s were  exp osed  to  n -h exane b y

m easur in g ur in ary 2,5-HD. Effo rts  w ere  al so  un dertak en to

evaluate  w heth er th ere w as a  correlat ion  between  the ur inary

2,5-HD and n -hexane co ncentrat io n in  the w orkp lace  air  and  

to  interpret  the usefulness of  2 ,5-HD as a biologica l marker of

n -h exa ne exp osure .

MATERIALS AND METHODS

Subjects studied
We studied a population of 81 workers (all men) employed in 12 shoe workshops

where the jobs include use of glues and adhesives containing n-hexane.

Concurrent control subjects consisted of 25 non-exposed male employees in the

office department. Informed consent was obtained after the nature of the study

was fully explained. Each person was interviewed and a questionnaire was filled in.

The questions covered a brief occupational and medical history.

Environmental monitoring
The concentration of solvents in breathing-zone air was measured at each

workshop throughout the shift. n-Hexane concentrations in the air were

determined by means of a single beam infrared spectrophotometer (Miran IBX-

Portable Ambient Air Analyzer). For each workshop, vapour concentrations in the

workers’ breathing area were continuously monitored for 4 h in order to calculate

the time-weighted average (TWA) n-hexane concentrations. The ceiling

concentrations of toluene at each workstation were determined over a sampling

period of 15 min by infrared analyser. The detection limits for n-hexane and

toluene were 1 and 7 ppm respectively. Breathing-zone benzene was measured

with Casella London SP15 passive samplers (flow rate 0.2 l min± 1) based on

diffusion and adsorption by activated NIOSH-approved charcoal filters. Filters were

desorbed with CS2 and the resulting sample was injected into a gas

chromatograph (Shimadzu-GC-AM).

Most workshops lacked appropriate local ventilation, and none of the workers

wore gloves while using adhesives and solvents.

Gas chromatographic analysis of the glues and fluids revealed that they

contained mainly n-hexane (25± 98%), toluene (25± 40%) and, at low

concentrations, heptane, acetone and benzene. Benzene concentrations were

always less than 1% in the samples analysed.

Biological monitoring
Urine samples were obtained at the end of shift and stored at ± 20 °C. The total

2,5-HD in urine samples was measured by the method of Perbellini et al. (1990).

Five millitres of urine were put into glass tubes stoppered with screw caps and the

pH adjusted to lower than 0.1 by adding 1 ml of concentrated hydrochloric acid.

Samples were heated at 100 °C for 45 min in an oven and then allowed to cool to

room temperature. The extraction of 2,5-HD was carried out by using C18

cartridges (Extract Clean Ô RC-500 mg) prewashed by 3 ml of methanol and 5 ml

of acid water (pH < 1), after which the urine samples were added: 2,5-HD was

eluted with 3 ml of 5% acetonitrile/water solution. This solution was extracted
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using dichloromethane (2 ml) containing cyclohexane as an internal standard by

shaking for 5 min and then by centrifuging for 5 min. The recovered solvent was

evaporated to 0.3 ml under nitrogen flow and used for the GC analysis.

A Packard 438 GC with a flame ionization detector (FID) and an HP-5 capillary

column (25 m ́ 0.2 mm, i.d. ́ 0.11 m m film thickness) was used for analysis of the

total 2,5-HD in the urine of subjects. Running conditions were as follows: injector

block temperature 200 °C; detector temperature 220 °C; initial oven temperature

65 °C for 3 min, followed by increments of 25 °C per min. Nitrogen was used as the

carrier gas at a flow rate of 1 ml min± 1, split 1/40. A spiked quality control sample

was used. The recovery rate of 2,5-HD was estimated by using three different

concentrations of the metabolite: 0.9, 2.9 and 6.8 mg l± 1. Three different samples

of each concentration was used. The average extraction efficiency of 2,5-HD was

88.9% (SD 12.9%). The variation coefficient intra-assay was 1.3%. The detection

limit for 2,5-HD under the conditions employed was 0.05 mg l± 1 urine. The 2,5-HD

concentration was expressed either as observed (the observed value), or after

correction for creatinine concentration (Donald and Zimmer 1967).

Statistical analysis
The statistical differences were calculated using the Mann± Whitney test.

Correlations were evaluated using simple regression analysis.

Results
T he general  characteris tics  of  the s tu dy populat ion are

su m m ar iz ed  i n  Table 1 . Breathing -zone concen tr at ion s of

solven ts  a t  the 12 wo rkplaces are  in dicated  in  Table  2  together

w ith  th e m ax im um  con cent rat i on s ob served.  A ll  w orkers  were

exp osed to  a  m ix ture of n -h exan e a nd toluen e an d they  w ere

exposed  to  grea ter  concentrat ions of  n -hexa ne t han tolu ene.

Tab le 3  show s the m ean  an d m edian v alues of  2 ,5-H D

ex cre t ion in  ur ine sam ples  of  shoe w orkers  as  well  as con tro l

subject s. Before  and after  correc t ion  using the cre at i nine,  m e an

values of  ur inary  2,5-HD levels in  workers were  about 8±10

tim es  higher than th ose  of  con tro l  subjects .

T h e u r in ary  2,5-HD concentrat ions in  shoe workers were

sig nif icantly  h ig her than those in  co ntro ls , both  on observ e d

values and after  correct ion  for  creat inine (z = ±5.85 , z = ±6.66;

p < 0.001 respec tively) .  Table  4  i l lustr ates the correla t io n

b etw een  T WA intensi ty  of  enviro n m en tal  ex p o sure  to  n -

hexane and the concen tration of  2 ,5-H D in  urine. 2 ,5-HD

con centr at ion s correlated signif ican tly  (r = 0.4486; p  < 0.001)

and  po si t ively  w ith the n -h ex ane concentr at ion in  air.

H ow e ve r,  the correla t ion coeff ic ien t  was s ti l l lower  (r = 0.3979;

p < 0.00 1) af ter corr ec t ion for  creat in ine. T he correlat io n

coeff icien t  betw een atmo sp heric  tolu ene con centrat i on

(cei l ing values)  and the n -hexane/2.5-HD ra tio  (r = 0.3435; 

p  < 0.01)  was sta tisti cal ly  signi f ican t, even  af ter  corre ct ion for

c reat inine (r = 0.2856; p < 0.01).

Discussion
O ur  resu lts  sho w th at  n -hexane con tinues to  be a  major

con tam inant ,  a lon g w ith tolu ene,  in  the sh oe w orkshop s

studie d.  Breathing-zone co ncentrat ions of  n -hexane at  the

S. Burgaz et al.26

Exposed workers Controls

(n = 81) (n = 25)

Age (years) 29.4 (± 13.1) 36.0 (± 8.7)

Range 12± 73 25± 58

Duration of exposure 13.6 (± 11.2)

(years) ±

Range 0.12± 40

Smoking habits (%)

Non-smokers 45.7 48.0

Smokers 54.3 52.0

Alcohol intake (%)

Yes 30 28

No 70 72

Table 1. General characteristics of study population.

Values are mean (± standard deviation).

Concentration in breathing-zone air (ppm) Workplace

n-Hexane

TLVÐ TWA 126.1 (± 47.5) 1± 12

Range 23± 215

Ceiling value 485.5 (± 263.1)

Range 97± 1109

Toluene

Ceiling value 171.9 (± 115.2) 1± 12

Range 36± 413

Benzene

TLV± TWA 0.65 (± 0.65) 1± 12

Range 0± 17

Table 2. Results of air monitoring studies in workplaces.

Values are mean (± standard deviation).

2,5-HD in urine

Group (mg l± 1) (mg g± 1 creatinine)

Exposed workers 2.36 ± 1.97a 2.33 ± 1.78a

(n = 81) 1.74b 1.96b

(0.08± 8.48)c (0.11± 7.69)c

Controls 0.43 ± 0.52a 0.28 ± 0.35a

(n = 25) 0.23b 0.18b

(ND± 1.76)c (ND± 1.55)c

Table 3. Concentrations of 2,5-HD in urine specimens from exposed workers

and controls.

a Values are arithmetic mean ± standard deviation.
b Median.
c (Range).

ND, Not detected.

n Observed values Corrected for creatinine

a b r p a b r p

81 0.019 0.013 0.4486 < 0.001 0.015 0.446 0.3979 < 0.001

Table 4. Correlation between time-weighted average n-hexane vapour

concentrations in breathing zone air and 2,5-HD in urine.

The parameters a and b represent the slope and the intercept, respectively on

the vertical axis such that y = a x + b , where y is the amount of the compound

in the urine and x is the time-weighted average n-hexane concentration (in

ppm) in the breathing-zone air. The units for y are mg l± 1 for observed values

and mg g ± 1 creatinine for values corrected for creatinine concentration. r,

correlation coefficient.
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w orkshops we inv es t igated ranged from  23 to  215 pp m, levels

th at  may  invo lve health  r isk s to  indiv iduals  exposed.  T he

concentrat ion of  2 ,5-HD  in  the urine of  workers was elevated,

suggest ing th at  occupational  ex posu re to  n -h exa ne w as

ev ident .  I n  o ur stu dy,  sm al l amounts of  2 ,5-HD are  d etectable

in the ur ine of  persons not  o ccu pationally  exp osed to  

n -hexane.  Fed tke and  Bolt  (1986a) observed that  s tron g acid

h y d ro lysis results  in  elevated background  levels  in  th e ur ine of

non -exposed subjects , in  agreem ent w ith  the f in ding b y Kaw ai

et  al.  (1990). Fedtke and Bolt (1986b) clear ly  showed that  most

of  the urinary  2,5-HD  detected in  hum ans ex posed to  n -h ex an e

w as  form ed b y 4 ,5-d ihyd roxy 2-hexanone,  which gave r ise  to

2,5-HD during st ron g acid hy dro lysis (pH 0.1)  of  ur ine. In our

s tu d y, for  the m easurement  of  2,5-HD in urine,  as a lso  carr i e d

out by P erb el l ini et al.  (1990),  we used st rong  acid h yd ro ly sis

(pH < 0.1) . T hus, our  resu lts  confirm  p rev io us s tu die s

regard ing  th e p rese nce  of  2 ,5-HD in  urine of  contro l  subjects

(Fedtke and  Bolt 1986a, Ogata et al. 1991,  Mut t i et al. 1993 ,

P erbell in i et  al. 1993) . Accord ing to  Kawai et  al. (1991), 

2-acetylfuran  m ay  confound 2,5-H D analysis in  ac id-

h y d ro lysed urine sam ples,  giving r ise  to  values overlapping

tho se m ea sured in  sub jec ts , especial ly  when a  p olar  capil lary

colu mn  is u sed for  GC analysis.  T h e sam e author s co ncluded

that  ac id hy dro lysis  shou ld be carr ied  out  a t  a pH of ³ 0 .5  a nd

recom m en ded that  a  n on-po lar  capil l ary  colum n  is used for

bet ter  separa tion of 2 ,5-HD from  2-ace tylfuran so  as to  exclude

th e confo undin g effect of co- form ed 2-acetylf uran .  In  the

p rese n t  s tu d y,  acid h yd ro lysis  is  ca rr ied  out  a t a  pH of lower

than  0.1 and  a  non-polar  cap il lary  co lum n, HP-5 , is u sed.

Our  f indings revea led a s ignif icant , but  low, l inear

e x p o su re±excre t io n re lat ion sh ip betw een the T WA  n -h ex an e

co nc ent rat io n and  u rinary  2,5-HD excre t ion.  T he reaso n  w h y a

rela t ively small  correla t ion coeff ici en t ( i.e . 0 .3±0.4) , in  cont rast

to  0 .6±0.9 in  previous s tudies (P erbell ini  et  al.  1981, Iwata e t

a l. 1983, Mutt i et  al. 1984, Saito et al. 1991 , Card o n a et  al.

19 93),  was found in  the present  s tu dy  m ay nee d som e

d iscussio n.  P erbell ini  et  al.  (19 81) analysed ur ine samples

from  workers for  2 ,5-HD by ac id  hydro lysis at  p H 2,  and

o btained a  co rre lat ion coeff icien t  of 0 .67  between  n -he xa ne

e x p o su re  an d  u r in ary  2,5-HD and Iwata et  al. (1983)

d e te rm ined 2,5-H D af ter  enzym at ic  and then acid  hydro ly sis a t

pH  2 and foun d a  signif icant  correlat i on betw een n -he xa ne

e x p o su re  an d  u r in ary  2,5-HD with  a correlation coeffi cien t of

0.896.  However,  Kawai et  al. (1990) ob tained  a  poor correl at i on

coeff icien t  of  0 .359 afte r acid hydrolysi s at  pH < 0.5  regard l e ss

of the s ignif icant re lat ion sh ip betwee n the n -he xa ne

co ncentr at ion  in  air  and the urin ary  2,5-HD. The same au thors

also conclu ded that  the corre lation coeff ic ient  was alway s

hig her in  the absence of  acid hy dro ly sis  and was sm allest  with

c reatin ine c orrect ion.  Mu tt i  et  al.  (1993) also  analysed  ur ine

sam ples from workers  for  2 ,5-HD by acid hydro lysis  a t p H 

< 0.1  and obta ined a  correlation coeff ic ient  of  0 .44 betw een

T WA  n -hex an e ex po su re and  end of  sh if t 2 ,5-HD. All the

f in dings in  the l i ter atu re ,  inclu din g th is  s tudy  on  th e

relat i on sh ip betw een  T WA  n -hex ane exp osu re  and  ex cre t i o n

of 2 ,5-HD (af ter  acid  hydro lysis)  in  u rine sam ples i ndicated

th at  the correlat ion was stat ist ical ly  s ignif icant , a l though the

coeff ic ient and the slopes of  the regre ssion l ines varied great ly

(Perbel lini  et  al.  1981, Mutt i  et  al.  198 4,  Aho nen  and

S ch im b erg 1988, Kawai et  al. 1991).

We also  agree  that  the poss ib le  causes of  this variat ion  may

be explained by the differences in  the methodology for  ai r

sam pling  (Ah on en and  S ch im berg  1988 , Sai to  et  al.  1991,

Per iago et  al.  1993), in  the  methods of  urinanalys is for  2,5-HD

(Fedtke and Bolt  1986b, Kawai et  al. 1990, P erbell ini et al.

1990, Saito  et  al.  1991), in  the  urine sam pling st rategy

(Card o n a  et al . 1993, Mutt i  et al . 1993)  and in  the n umb er  of

workers s tudied (Iwata et al.  1983, Mutt i  et al . 1984, Kawai e t

al . 1991) .

A n oth er  reason m ay be the var iable  comp osi t ion of

c o m m e rc ial  m ixtures w hich may  or  m ay n ot  co ntain solv ents

in t erf ering w ith hexan e metabo lism . In  an imal exp erim en ts

a n d  in  v i tro  studies,  metabolic and to xicological  interf ere n c e

has bee n d em o nstr ated  b etw een  n -h exan e and  t olu en e

(Perbel lini  et al . 1982, Iwata  et al . 1984) . Although  a  defin i te

effect  of  other  so lvents on the  concen trat ion of  2 ,5-H D was not

su ggested  in  th e present  stud y w e invest igated the co rre lat ion

betwee n the atm osp her ic  n -he xa ne /u rina ry  2,5-HD rat io  and

en v i ronmental levels  of  toluene at  the workplaces  to  get  a

ro ugh idea of  the poss ible  inf luence of  toluene on the

biotransformat ion of  2 ,5-HD. The corre lat ion coeff icient

betw een  atm o sp her ic  t olue ne co ncen tra t ion s and  th e 

n -hexane/2,5-HD  rat io  we obtained  was stat is tical ly  signif icant

(r = 0.3435; p < 0.01).  Card o n a et al . (1993) invest iga ted  the

poss ible effect  of  to luene on the biotr ansformation  of  2 ,5-HD in

shoe factory  workers  and th ey  fou nd that  th e corre lat io n

coeff ici ent  b etween  atm osph eric  tolu ene co ncentr at ion  and

th e n -hexane/2,5-HD ratio  was  s ta tist ica lly  signif icant  

(r = 0.4619; p  < 0.001) . Tak eu c hi  et  al.  (199 3)  also

dem onstrated that  the s lope o f  the regressio n l in e an d

co rrela t ion coeff ic ient  decreased in  p aral le l  with  an increase 

of  toluen e expo sure  level  and that co -exposure  o f  h exane and

toluene could inhibit  hexane metabolism  in w orkers . In  fact , 

in  ou r  s t ud y,  co -exposure  to  toluene m ight  cause  som e deg re e

of metabo lic  in terfe ren ce in  wo rkers .  Ho wever, fro m  the

lim ited  detai ls of  to luene expo sure  re p o rted ,  i t  m ay  not  be

possible  to  es tablish  an y defini te  con clu sion.

F or  an enviro n m en ta l  ex p osu re  to  n -hexan e of  5 0 ppm

(T hreshold L im it  Value±T LV) , th e analy tica l  m ethod used in

thi s stu dy  yi elded  a  u rin ary  concen trat ion of 2 ,5-HD of  1.20  mg

g±1 c reatin ine.  T h e u rin ary  concen tration of  2 ,5-HD

co rrespon ding to  the T LV was closer  to  the valu es  found in

som e studies,  esp ec ial ly  in  Japanese  pop ulat ion s ( Iwata et  al .

19 83 , A ho nen and  S ch im berg  1988, Sai to  et  al.  1991,  Tak e u ch i

1993) than other  s tudies (P er bel l ini et al.  1981, Mutt i  et al.

1984,  Periago et  al. 1993) . We are  also aw are  th at  som e

variables other  than th ose  m ention ed abov e,  such as  kin et ic

factors, m etabolic  c learance, a lveolar  ven ti la t ion,  genetic

d ifferences as w ell  as  prev io us exp osu re may co ntr ibute  to  the

in t er-  and intra- ind iv idual  variab il i ty  of  urinary 2,5 -HD leve ls.

Our f igure  for  urinary  2,5-HD was far  be low the  Bio logica l

E x po su re Index  (BEI)  value (5 mg l±1, ACGIH 1991) and  we feel

that  5  mg l±1 of 2 ,5-HD m ight be a  l it t le  high as an  indicator

valu e correspo nd ing  to  5 0 pp m  h exa ne exp osure .  T he Ministry

of  L abo r in  Turkey  has n ot  yet  ad opted  ur inary  2,5-HD as a

biological  in dicator.  Nevertheless ,  i rre spect ive of  i ts

n-Hexane exposure in shoe workers 27
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relat io nship w ith  h exan e in  air,  ur inary  2.5-HD level s m ay give

usefu l  result s wh en mo nitor ing env iro nm e n tal  e x po su re to  

n -h ex an e.  I n  addit ion,  based on con troversial  f indings of

p revious studies, we agree that  both  air  m onitor in g and

u rin aly si s sh ou ld be s tand ard ized so that  a  re l iab le

d o se±resp o nse  re lat ionship  can  be determ ined for  effect ive

m oni toring of  n -he xan e ex po su re .
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