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The purpose of this research was to determine occupational
exposure of glass craftsmen and braziers to inhaled nitrogen
oxides (nitrogen dioxide and nitric oxide) and to relate this to
urinary nitrate, hydroxyproline and thioethers and to breath
pentane. The glass craftsmen were exposed to nitrogen
oxides at levels exceeding the occupational exposure
standard and higher than braziers or controls. Urinary nitrate
excretion was elevated. In these exposed workers
hydroxyproline, thioethers and breath pentane were all
elevated compared with controls and higher than in braziers
who were less exposed. There was, however, only a
correlation between individual levels of exposure (nitrogen
oxides in the breathing zone) and breath pentane and there
were no individual correlations between markers of effect and
excretion of nitrate in the urine at the sample time.

Keywords: biomonitoring, nitrogen oxides, urinary nitrate, breath
pentane.

Introduction
N itrogen oxides (NOx) are lower respir ato ry  trac t i rr i tan ts

w h ich  a re  con sid ered to  be m ajor  ai r  po llutants . The

backgroun d co ncentr at ion  of  ni tro gen dio xide in  th e urban

e nv i ronment is low (2.0±5.0 ppb, W HO 1977) and is due to

combust ion of  foss il  fuel in  sta t ionary  sou rces a nd m otor

vehicles . Workers are  ac t ively ex posed to  ni trogen  ox ides

d ur ing  t he m anu fa cture  of  nit r ic acid and fert i lizer,  m ining,  th e

use of  explosives,  in  w elding  and m etal  cutt ing o per atio ns,  in

si los, and  glass b lo wing and br az ing.  T he occupation al

e x p o su re l imits for  ni trog en  dioxide h av e been se t  a t  3  ppm  

(5 mg m±3)  and 5 pp m (9  mg m±3)  for  8  h  and 15 m in  exposure s

resp ectiv ely,  and for  ni trogen  o xide 25 ppm  (30 m g m±3)  an d 

35 p pm (45 m g m±3) (HSE 1996).

Inh aled  n i trogen ox ides are abso rbed  sy stem ically  an d

co n v erted  to  ni tr ite  and nitrate  in  blood (K osaka et  al.  1 979,

Yosh id a et  al.  1983, P os tle thwait  and Mustafa  1989) .  Nitrate

and  nitr i te  are  excre ted in  th e ur ine.  In divid uals are  exp osed to

nitr ate  and nitr i te  in  th e diet  an d in  dr inking  water  and  these

s o u rces contr ibu te to  ur inary  ni trate  levels in  the norm a l

populat io n. L evels  of  110 m m ol mol±1 c rea tinine hav e b een

m e as u red in  health y volun teer s w ith an intake of  1 .2  m m ol per

day  (Tsik as et  al. 1994).  These levels are  d ecrea sed  w ith a  lo w

nitrate  diet . However,  an elev ated  urin ary  ni trate  could  serv e

as  a  bio logical  marker  of  exposure  by inhala t ion of  ni trog en

ox id es.

P eroxynit r i te  is  thought to  be  form ed fol low ing  expo su re to

n i trogen oxides (Beckm an et al . 1990 , Radi et  al.  1 993)  and th is

ca n re lease  ni trogen dioxid e wh ich is  scaven ged by

glutathion e.  U rinary  glutathione conjugates ( thio ethers)  could

be elevated fol low ing nitrogen  ox ide ex posure. A tox ic eff ect of

ex p o s u re to  nit rog en  dioxide is a  decrease  in  the level of  the 

m -1-pro tease inhib itor,  and  enh anced co llagen  bre ak d o w n  in

lung t issues (Mohsenin 1987, O gush i  et al . 1991).  The US

Natio nal  Research  Council  (NRC 1989) has suggested that

h y d ro x y p ro l in e an d  h y drox ylysin e brea k d o w n  p rodu cts of

co llagen  migh t  be bio log ical  markers of  ear ly  eff ects of nit rog en

diox id e ex po sure . Nitrog en dio xide has also  been sho wn to

in d uc e l i p id  p ero xidation of  ce l lular  mem branes in  v i tro  a n d

in  v ivo (M aples et al. 1991, Mohsen in 1991) . T he presence of

l i p id  p e rox idat io n prod uct s such  as p ent ane in  exh aled  b re a th

may also  act  as a marker of  ear ly  effec ts of  exposure  to  ni trog en

ox id es.

T he aim s o f  this pro ject w ere  to  stu dy  exp osure  to  ni trog en

oxides in  glass  craftsm en and br aziers  and to  assess  a  num ber

of poten tial  markers of  exposure  an d effec t.  The following

m e as u re m en t s  w ere  m ad e: ur inary  ni trate , urinary  thio ether,

u r in ary  h y d rox y p ro line a nd exh aled breath pen tane.  T he  aim

was to  qu anti ta t e  occu pation al  ex posure  to  ni trogen oxid es in

wo rk ers  and  con tro ls  by  m easur ing inhaled  ni trog en o xides

and to  estab lish a  re l at io nsh ip  b etw een  ex po sure  and  ex cre t i o n

of ni trate and markers of  the toxic  eff ec t of  nit rogen ox ides.

METHODS
All reagents were obtained from Sigma Chemical Co. unless otherwise indicated.

Subject selection
The workers recruited in this study were glass craftsmen and braziers. The glass

craftsmen used single or multiple flame oxyacetylene burners in the production of

glass ornaments and were from one large factory (group 1; twenty workers) or a

number of smaller factories (group 2; 13 workers). Glass craftsmen worked 5± 6

days per week depending on the work load, for 8 h per day except during coffee

and lunch breaks. The braziers (group 3; 12 workers) were from one factory and

worked with single flame oxyacetylene burners welding large pieces of central

heating equipment. They worked 8 h work shifts but only 3± 4 days per week. The

control group (group 4) were recruited from University staff (porters and

technicians) and office workers in the glass industry and were age and sex

matched. Demographic characteristics of the groups are shown in Table 1. All

subjects were provided with information sheets containing the aims and methods

for this project and gave informed consent to take part.

Personal air samples and urine sample collection
Breathing zone air samples were collected from workers on a midweek work day

using two SKC 226-40 gas tubes connected in parallel to SKC Aircheck samplers,

Type 224-43XR, set at a flow rate of 50 ml min± 1. Between 9 and 33 litres of air

were collected (3± 11 h). A spot urine sample was collected from workers before

work on a morning following a work-free weekend, at the conclusion of the
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midweek work day on which air samples were obtained, and on the following

morning. Control subjects provided a single morning urine sample. Urine pH was

adjusted to approximately 7.5 using 0.4 mol l± 1 sodium hydroxide to prevent loss

of nitrite. To 1.5 ml urine was added 10 mg solid phenylmercuric acetate to

prevent microbial breakdown of nitrate, and urine was stored at ±  5 °C prior to

analysis. Workers from group 1 and controls also provided a urine sample

morning and evening over a complete working week. All urinary measurements

were expressed relative to urinary creatinine to correct for urine dilution.

Breath samples for pentane measurement were collected pre- and post-work

exposure. Prior to the collection the subject breathed medical air for 4 min. Then

exhaled air was collected into a 40 litre Tedlar bag for 4 min. The respiration rate

was determined by monitoring inhaled air with a gas meter. Exhaled air samples

were measured as soon as possible although it was shown that levels of pentane

in the Tedlar bags did not decrease over 4 days.

Air sample analysis for nitrogen dioxide and nitric oxide
The assay of nitrogen oxides in air was based on the method described by Willey

et al. (1977) in which NO2 and NO were trapped in a triethanolamine-impregnated

matrix, NO was converted to NO2 by a solid oxidizer then collected on a second

triethanolamine section. The trapped NO2 was then analysed

spectrophotometrically. Twenty ml absorbing fluid (0.12% triethanolamine, 0.3%

butanol, 99.58% water, v/v), was added to the front and back contents of the

absorption tube and allowed to stand for 30 min. One ml of the solution was

added to 0.4 ml of 2.4% hydrogen peroxide, followed by 4 ml

sulphanilamide± NEDA solution (50\7 v/v).²  Colour development was measured

within 10 min at 540 nm relative to a treatment of a blank adsorbent tube and

compared with standard solutions of sodium nitrate ranging from 0.05 to 1.00

mg ml± 1. Air concentrations of nitrogen dioxide and nitrogen oxide were calculated

from the measured nitrate levels. The 8-h time weighted average (TWA) exposures

to NO and NO2 were calculated. The coefficient of variation for the colorimetric

assays ranged from 1.65% at 4 mg ml± 1 to 6.4% at 0.25 mg ml± 1. Collection

efficiency for nitrogen dioxide was 96% and for nitric oxide ranged from 97% at 9

ppm to 67% at 50 ppm.

Measurement of urinary nitrate
Urinary nitrate was measured using a modification of the method of Michigami et

al. (1989) which is also suitable for the simultaneous detection of nitrite. Thawed

or fresh urine was clarified using an equal volume of propan-2-ol, centrifuged at

5000 g for 30 min and the supernatant filtered through a 0.45 mm pore size

syringe filter. Potassium iodide was added as an internal standard, and 100 m l of

sample was injected into the HPLC column (Partisil-10 SAx) protected by a C18

guard column. Samples were eluted at a flow rate of 2 ml min± 1 with a mobile

phase of 15 mmol l± 1 KHPO4 (pH 3.0), and nitrate detection was by UV absorbance

at 210 nm. Peak height ratios to internal standard were compared with those of

standard solutions of nitrate in the range 500 nmol l± 1 to 5 mmol l ± 1. Urine

concentrations were expressed as mmol mol± 1 creatinine. Coefficient of variation

of the assay was 5% and the lower limit of detection on column was 500 and

1000 pmol nitrate and nitrite.

Measurement of urinary thioethers
Measurement of thioethers was as described by Edwards et al. (1993) and

involved complexing with 5,5Â -dithio-bis(2-nitrobenzoic acid) (DTNB) by the

colorimetric method of Ellman (1959). Samples (2 ml) of urine were acidified with

50 m l of HCl (4 mol l± 1) and double extracted with 4 ml aliquots of ethyl acetate for

15 min. The ethyl acetate fractions were pooled and evaporated under nitrogen at

50 °C, and the residue taken up in 2 ml distilled water. To 1 ml of urine extract was

added 0.5 ml NaOH (4 mol l± 1) and this was bubbled with nitrogen, capped firmly,

and heated at 95 °C for 60 min. After cooling on ice, 0.5 ml HCl (4 mol l± 1) was

added. Five minutes later, 2 ml 0.1 mol l± 1 phosphate buffer (pH 7.4) containing

EDTA (1 mmol l± 1) was added to 0.25 ml hydrolysed extract, followed by 0.3 ml 

35 mmol l± 1 citrate buffer containing DTNB (0.4 mg ml± 1). The absorbance at 

412 nm was read within 30 min relative to distilled water. Sample blanks were

included to take into account urinary pigments. The absorbances were compared

with those from standard solutions of N-acetyl cysteine that had been taken

through the preparatory steps. Endogenous thiol output was estimated using

samples omitting the hydrolysis step. Concentrations of thioether

([hydrolysed]± [non-hydrolysed]) in urine were calculated and expressed as mmol

thioether mol± 1 creatinine. Coefficient of variation was 5.8%.

Measurement of urinary hydroxyproline
Peptide-bound hydroxyproline was assayed by acid hydrolysis followed by

oxidation and decarboxylation to pyrrole, reaction with 

p-dimethylaminobenzaldehyde, and colorimetric measurement (Hosley et al.

1969). Briefly, 3 ml of concentrated HCl was added to 3 ml urine in screw-capped

tubes and heated at 115 °C for 3 h. After cooling, 0.5 g charcoal was added to

the samples and mixed for 10 min. followed by centrifugation at 5000 g for 

10 min. A 3.5 ml aliquot of supernatant was transferred to a centrifuge tube and

centrifuged at 5000 g for 10 min. One ml of clear hydrolysate was added to 2 ml

water and the pH adjusted to 6.5 with NaOH (4 mol l± 1). To this was added 1.5 ml

fresh chloramine-T (1.41 g chloramine-T in 80 ml water, with 120 ml glycol

monomethyl ether and 200 ml buffer), 1 ml perchloric acid (20%) and 2 ml

dimethylaminobenzaldehyde (5% in n-propanol). After heating at 60 °C for 20 min

absorbance was read at 557 nm within 1 h. Absorbances were compared with

those of standard solutions of hydroxyproline in the range 0.5± 12.0 mg l± 1.

Measurements were expressed as mmol mol± 1 creatinine.

Measurement of urinary creatinine
Creatinine was measured using a modification described by Muirhead et al. (1986)

of the reverse-phase HPLC method of Huang and Chiou (1983) in which 50 m l of

clear urine was added to 2 ml of mobile phase (NH4H2PO4 [20 mmol l± 1]:

acetonitrile, 9 : 1). Of this, 10 m l was injected onto a column packed with Partisil-

10 SCx protected by a C18 guard column. Samples were eluted at a flow rate of

1.5 ml min± 1 and sample detection was by UV absorbance (254 nm). Peak heights

were compared with those of standard solutions of creatinine. Coefficient of

variation was 3%.

Measurement of breath pentane
For preparation of standard air mixtures 3 m l pentane or 3 m l hexane (internal

standard) were injected into one litre of air in a Tedlar bag. The bag was heated

and shaken to prevent condensation of the pentane and achieve mixing. Standard

M. R. Azari et al.350

Age (years)

Percentage

Description N Range Mean (sem) smokers

Glass craftsmen 1 20 16± 43 24.0 (3.7) 45

Glass craftsmen 2 13 20± 61 39.5 (3.6) 15

Braziers 12 29± 61 46.1 (3.2) 41

Control 15 24± 45 33.6 (2.1) 33

Table 1. General characteristics of sampled groups.

² Sulphanilamide solution was prepared by dissolving 10 g sulphanilamide in 

400 ml distilled water, adding 25 ml concentrated phosphoric acid, mixing and

adjusting to 500 ml with distilled water. NEDA solution was prepared by dissolving

0.5 g N-(1-naphthyl) ethylendiamine dihydrochloride in 500 ml distilled water.
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pentane atmospheres in the range 0.1± 6.0 nmol pentane per litre in the presence

of 3 nmol hexane internal standard were then prepared by dilution into further

Tedlar bags with medical air.

One litre of exhaled air was collected into a Tedlar bag together with 3 nmol

hexane. The air was pumped through an absorber tube containing Carboxene

569. The absorber tubes were analysed by double stage thermal desorption

(Perkin Elmer ATD 50) followed by gas chromatography with flame ionization

detection. Tubes were purged at 250 °C with carrier gas (nitrogen) at 5 ml min± 1

for 30 min and released alkane was collected onto Tenax in a cold trap (± 30 °C).

The alkanes were transferred to the column in a minimal volume by flash heating

to 300 °C. The alkanes were separated on a 50 m HP-1 capillary column using a

40± 70 °C thermal ramp. Pentane and hexane were eluted at 3.2 and 4.1 min. It

was necessary to separate pentane from isoprene, an endogenous alkane with a

similar retention to pentane (Springfield and Levitt 1994). Breath pentane was

determined by measuring peak area ratio compared with a calibration curve

prepared from standard atmospheres. The amount of breath pentane in exhaled

air was corrected for body weight and respiration rate and expressed as nmol

pentane kg ± 1 min± 1. Low recoveries of pentane were compensated for by

preparing standards in air and taking them through the complete procedure. A

linear calibration curve (R > 0.99) was obtained and coefficient of variation was

6.5% at 2 nmol l± 1.

Statistical analysis
Paired data (weekend, pre-shift and post-shift of workers) were analysed by paired

t-tests. Comparisons of these data with the control group were made using the

Mann± Whitney U-test since variances were found to be heterogenous by Bartlett’s

test. Relationships between variables were analysed by multiple regression

analysis and ANOVA.

Results
Breathing zone air  sam ples  collected  from  the glass craftsm en

an d b razier s cont ained nitro gen diox ide and nitr ic  oxide at

concentr at ions r anging fro m 5 .5  to  48.9 pp m nitr ic  oxide and

0.5 to  8 .7  ppm  nitrog en dio xide wh en exp ressed  as  an 8 h

t ime-weighted average (Table 2) .  T he m ean  levels w ere  high er

for  the two groups of  glass workers than the braziers (ANOVA ,

p < 0.001 for  nit r ic  oxide and  p < 0.05  for nitro gen dioxide)

and  al l  occup ational  gro u p s  w e re  high er th an con tro ls .

N itrog en  dioxide levels were  similar  in  both  glass  craftsm en

grou ps (p > 0.05) but  ni tr ic oxide was higher  in  grou p  1  t han  2

(p < 0.001) . The level of  nitro g en  oxides in  the air  in haled  by

c o n tro ls was below the level  of  detection at 0 .5  mg m±3 (pp m) .

Ini tia l ly  ur inary  ni tr ate concentr at ions were  c om pa re d

betw een  the groups af ter  a work- free w eek end (Mond ay am ),

after  a  m idweek work sh if t  an d the next  m ornin g an d  t he

lev els  are  show n in Fig ure  1.  The sam ple at  the start of  the

w eek  w as co m p ared b etween group s to  in dicate  differe n ces  i n

other  sou rces  of  ni trate  and  there  was no d iffere nc e b etw e en

the occu pational ly- expo sed p op ulat io ns an d the cont ro l s

(ANOVA  with Dunn et t ’ s  m odi fied T  test ) . All the

occupation ally -expo sed g roups had sig nif icantly  higher levels

at  th e end of  the work in g day but  contro ls  did not  differ.

U rina ry  ni tr ate  concentr at ions w ere  de term in ed  in  co nt ro l s

to  defin e the daily  f luctuations in  u rinary  nit rate .  At the sta rt

of  th e week these  w ere  0.076  ‰0.01 m ol m ol±1 c rea ti n in e

(m ean ‰sem ).  There  was li t t le  inter-sam ple f luctuation  in

nitrate  levels  in  contro l  u rines w hic h we re  collected  m orn in g

and evening of  each of  the 5 days of  the  week.  T here  w e re

greater  f luctuation s b etween m orn ing  an d eve nin g sa m ples

and  du ring  th e wo rk ing week  in  urinary  n i trate  con centrat io n

of the exposed glass craftsm en  (group  1 )  wh o were  s tu di ed  in

de tai l  co m pare d w ith  c on tro l  subjec ts. A t the end of  the

wo rk ing day urinary  ni trate levels in  worker s were gre ater  t han

co n t ro ls  a l thou gh they w ere not  signi f icantly  diffe rent  a t  th e

sta rt  of  the day.  T he f luctuations in  ur inary  ni tr ate  seen in  the

wo rker s re lated to  th e daily  work shif t  and exposure  per iods to

n i t ro gen  dioxide. T he resu lts during the week for  glass

craftsmen (grou p 1 )  an d contro ls  are  sho wn  in F igure  2.

H y d rox y p ro line outpu t (Fig ure 3)  of  a l l exposed w orker

gro up s (w eeke nd , p re-  and post -w ork,  medians 6.55,  7 .1  and

7.5  m g mol±1 c reatinin e)  w as h igher than co ntrol s (3 .55  mg

m o l±1 c reati nin e;  M ann ±W hi tney  U - test, p < 0.05) al though

th e re  was no difference betw een g ro u p s .

Con tro l  sam ples co ntained less thioether  (m ean 4.8 mm ol

m o l±1)  than  w eeken d, p re-  and post -w ork sam ples  of  worker s

(12.0 ,  9.5  and 9.9 m mol mol±1; MWU, p < 0.05), but these

wo rker  sam ples did  no t  differ from  each other  (Figure 4) .

Breath p en tan e m e asu rem en ts  are  sh ow n in  F igu re 5. All

glass  craf tsm en studied had high er exhaled brea th p e nt an e

Biomonitoring of exposure of workers to nitrogen oxides 351

Nitrogen dioxide exposure (ppm) Nitric oxide exposure (ppm)

Group Range Mean ± sem Range Mean ± sem

Glass 1.7± 5.1 3.54 ± 0.205 8.9± 26.9 16.41 ± 0.97

craftsmen 1

Glass 3.0± 8.7 5.94 ± 0.51 13.1± 48.9 30.02 ± 2.87

craftsmen 2

Braziers 0.5± 2.9 1.21 ± 0.72 5.5± 13.2 8.24 ± 0.79

Controls ND ND ND ND

Table 2. Exposure characteristics of sampled groups.

Key: ND (< 0.05 ppm).

Figure 1. Urinary nitrate concentrations (mol mol± 1 creatinine, mean ± sd) in

braziers (n = 12), glass craftsmen group 1 (n = 8), and glass craftsmen group 2

(n = 13) and controls (n = 10± 15). Hatched bars represent the urine sample

following a work-free weekend, striped bars after a midweek work shift and 

open bars, the following morning (* p < 0.05 compared with start of week, 
+ p < 0.05 following morning compared with after work).
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t ha n co n tro ls  b oth pre-  and p ost -w ork al tho ugh there  w e re  n o

d ifferences between before and af ter  work. T he bre ath  p en t an e

of the braziers w as s im ilar  to  contro ls .

T h ere was a sign ifican t  corre latio n betw een  the levels of ni tric

oxide and nitrog en diox ide  in  inhaled  air (R 2 = 0.42, n = 40, 

p < 0.001) . Surprisin gly, there  was no corre la tion  between the

levels  of  nitro gen dioxide, nitr ic oxid e or total nitro gen  oxides

and  urin ary  ni trate measured  in  the sample  taken imm edia te ly

af ter the work  shi ft dur ing  which the ai r sam ples were monitored .

No con tro ls  were  included in  th is correla tion as levels of

n itrogen ox ides in their  inhal ed  ai r were  lower than  the de tection

of the method. Inclu sion  of  the con trol grou p at the low er  lim it of

detect ion would  have biased the  correl at ion unreasonably,

p roducing  a signif ican t correl atio n. T here was no correl ation

betw een urinary  h ydro xyproline or  th ioether  and  ur inary ni trat e.

However  correl ation betw een breath pentane and nitrogen ox ide

exp osure was significa nt (R2 = 0.22, n = 42, p  < 0.005).

Discussion
Glass  workers  and braziers w ere  ex posed to  ni trogen oxides at

higher  levels than the con tro l  po pu lat ion  a nd  th e exp osu re  of

glass  craftsmen was higher th an  the Occupational  E x posu re

S tan d a rd  (3 ppm  nit rogen  dioxide at  8  h  T WA). However,  th e

e x p o su re of  the braziers  was below the s tandard .  Mo st

en v i ronm ental  stu dies of  ni tro gen oxid e expo su re  h ave been

limited to  quanti ta tion  of  ni trogen dioxide.  However as  ni tr ic

oxid e is  the p redom inant  g as an d is  generated in  par al le l

du r ing  c om b ustion  p rocesses i ts  m easure m e n t  a n d

con side rat i on  in  ex po sure  assessm en t is  im p ort an t .

T his  stu dy sug gested that  ur inary  n i trate  was elevated

follo wing ex posu re to  ni trog en o xides in  the workp lace and

tha t  th e in hale d o xid es pro bably contr ibu ted to  the incre a se d

level  of  ni trate in  the ur ine com pared  w i th co nt ro ls.  Nit rate  is

fo und with in th e ur ine of  con tro ls due to  ingest ion of  ni trate  in

fo od an d in  drin king  water.  I t  is not  poss ib le  to  dist inguish the

s o u rces  of  ni trate  that contr ibute to  urinary  ni trate  excre t io n.
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Figure 2. Urinary nitrate concentrations (mol mol± 1 creatinine, mean ± sd) in

glass craftsmen (group 1) exposed to nitrogen oxides during a working week 

(- E -) (n = 8± 10) compared with unexposed controls (- D -) (n = 10± 15).

Figure 3. Urinary hydroxyproline concentrations (mg mol± 1 creatinine) from

nitrogen oxide-exposed workers following a work-free weekend (Monday

morning), before (Wednesday morning) and after (Wednesday evening) a midweek

work shift. Control subjects provided a single midweek urine sample (Wednesday

morning). Individual data and medians are presented.

Figure 5. Breath pentane of braziers (n = 12), glass craftsmen group 1 (n = 16)

glass craftsmen group 2 (n = 13) and controls (n = 19). Results expressed as

mean ± sd nmol kg ± 1 body weight.min± 1. Filled bars represent pre-exposure

samples and open bars post-exposure (* p < 0.05 compared with controls).

Figure 4. Urinary thioether concentrations (mmol mol± 1 creatinine, mean ± sd) in

glass craftsmen (hatched bars, n = 14) and controls (open bars, n = 9). Urine

samples were obtained from workers following a work-free weekend (Monday

morning), before (Wednesday morning) and after a midweek work shift

(Wednesday evening) (* p < 0.05 compared with controls).
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C ontro l  ur inary  outpu t of  ni trate  has been m easu red b y a

num ber of  w orkers and ranges from  0.09 6 to  4 .25 m mol day±1

by Lee  et al . (1986) and  Florin  et al.  (1990 ). Tsikas et al . (1994 )

m e a su red 1 10  m m ol  m ol±1 c reati nin e in  heal thy vo lun teers

w ith an  outp ut  of  1 .2  m mo l day±1.  Ou r contro l gro u p  w a s

sim ilar  ( approx.  9 0 m mol mol±1 c reatinine) .  T he profile of

u r in a ry  n i trate  in  the Mo nday mo rning samp le  after  a  non-

w ork ing w eekend  was an indicat ion of  dietary  con tr ibu tion to

u r in a ry  nit rate . Although glass craftsm en gro u p 1  a pp ea red  to

h ave  lo w ur in ary  ni trate  values there  w ere  no differences of

any gro ups f rom  the con tro ls.  T herefore  t he im p ortance  of

select in g an  app ropr iate  contro l gro up  in  w h ic h d iet ary  a n d

e n v iro n m en ta l  sou rces of  exposure  are s imilar  is  indica ted.  In

th is  s tud y the con trol  gro up was as  closely m atch ed as po ss ible

bu t  a l l  contro ls could not  be se lec ted from  the f ac tor ies  and

s u rro u nd in g  a rea and n ot  be o ccupationally -expo sed to

n i t rogen dioxides.  T he fac t  that  no f luctuat ions were  seen in

c o n tro ls  suggested  th at  the f luctuations in  work er s were

asso ciat ed  with w ork.  T he profi le of  elevated  nit rate af ter  the

w orksh if t  was con sistent  with  increased nitr ate  associated

w ith w ork and  the mo st  l ikely sou rce  was NO x inhalat ion.  I t  is

t h eo re t ica l ly  possible  that  the f luctuation in  ni trate  levels was

no t due to  in halatio n of  ni trogen oxides as the corre lat ion

b etwe en  u r in ary  n i trate  an d nitro gen  o xid e w as  not  signif icant

in  th is  s tu dy.  How ev er,  th ere is no evidence  of  an altern at iv e

s o u rce of  ni trate  that  would contr ibute  to  this regu lar

variab il i ty  in  the workers.  T he diet of  the contro ls  and  th e

ex posed w orker s w as no t  con tro l led  du rin g th e s tud ies.

H o w ev er,  a ll  w orkers  and contro ls co m plet ed the

q u est i on n ai re  a d d res sing food intake,  smoking  and  alcohol

intake. Although i t  was diff icult to  quanti tate  food in take,

t h e re  w e re no obvious diffe rences betw een  co ntro l s  an d

w or kers  or  differen ces in  sm oking  habit  an d alcohol intake.

H y d ro x y pro line w as high er i n  exp osed w ork ers  w ith

el evated  u rin ary  n i trate  than contro ls.  I t  is pro p ose d th a t

h y d ro xy p ro line is formed fol lowing the breakdow n of  collagen

d ue to  the di rect  effect  of  nit rate  or  peroxyni tr ite form ed fro m

inh a led  ni trog en  oxides .  Th ere  w ould b e a  delay in  ob serv ing

this effect fol lowing exposure .  A n elev ated h ydro x y pro line  is

an indicator  of  exp osu re  which  m ay be u sed as  a  b iom arker in

associ at io n w ith m e asu rem ents of  urinary  ni trate .

U r in ary  thio ethers  w ere  h igh er in  t he e xpo sed  p opu lat io ns

than  t he co ntro ls a l thou gh th ere  w ere  no differences before

and af ter  the w orking  week.  T he colorim etric  m ethod u sed

h e re  is no n-sp ec if ic  and co mpo nen ts in  d ie t ,  c igare t te  sm ok in g

an d other  ch em ica l  ex po sures co uld  result  in  in cre as e d

u r in a ry  excret ion of  thioether  m etaboli tes  prod uced fo l low ing

detoxif ica t ion reactio ns betw een the chem ical  and glut athio ne

as well  as  ni tr ate . An en hanced excre t ion of  thioether s in  a

p op ulat ion  ex posed  to  n i trog en o xides cou ld b e exp lained

following  the  form ation o f  perox ynit r i te  which re l eases

n i t rogen oxide and free radicals.  T he free radicals  part ic ipa te

in th e p erox id at ion cascade form ing end ogeno us free r adicals

w h ic h  are  detoxif ied  by glutathione conjugation  and  excre t e d

in  the urin e as  thio ether  prod ucts . T his  react ion  c ascade  an d

the associated oxidative st re ss  w o u ld  in du ce  l ip id

p e rox ida tio n wi th  co ncu rre nt  i nc rea ses in  el im ination of

p entan e and  oth er  a lkan es in  the b reath.  T he wo rker s ex posed

to the higher  leve ls of  nit rogen oxides excre ted  h igh er

concentr at ions of  pen tane in  ex haled air  than  contro l s  an d

those  exposed to  low levels of  ni tro gen oxides.

Excre t ion of  pentane in  ex haled breath together  wi th

evidence of  incre ased  u r in ary  excre t ion of  ni trate  and/or

e x p o su re to  ni trogen oxides in  the air  is a  fair ly  spec if ic

biomarker of  the toxic effec t of  exposure  to  ni trogen ox ides.

The m arkers of  eff ect  general ly  disp layed less  f luctuation than

m ar kers o f  exposure.  An imm unologica l m arker  of  effec t

(natural  ki ller  cel l  ac tivi ty)  has prev iously been sh own  to  be

elevated in  the glass  craftsm en and thought to  be associated

w ith n i t rogen  oxide exp osure (Azar i et  al. 1996).

In  conclusion,  glass workers  and braziers  are  exp osed t o

n i t ro gen  oxides.  The glass workers  were ex posed at lev els

close to  the occup ational  exposure  s ta nd ard .  Inhalat ion  of  the

n i t ro gen  oxides appears to  be the m ajor contr ibutor  to  the

ob served  elev ated u rin ary  ni trate .  Urinary  n it rate can ac t  as a

biom ark er  of  exposure  bu t i t is  im portant  to  define th e base l ine

ex cre t ion of  ni trate  wh ich  wil l  be d ue to  other  causes such as

diet .  Ur inary  hy d ro x y pro line,  urinary  thio ether,  an d b re a th

p en tan e  m ea su red in  paral le l  are biomarkers of  eff ect .
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