
Validation of urinary thiocyanate as
a biomarker of tobacco smoking
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Thiocyanate ion (SCN) is the major detoxication product of
cyanide, which is converted to SCN by a thiosulphate
sulphurtransferase, mainly in hepatic mitochondria. Low-level
cyanide exposure for man is caused by factors such as
dietary intake of cyanogenic glucosides, tobacco smoking,
drug administration and occupational exposure to organic
nitriles. Urinary SCN concentration was determined through a
commercial kit for the analysis of cyanide in water. Spot urine
samples were collected at 7:30 h and 12:30 h, from 99
healthy male white-collar office workers (non-smokers n=72,
smokers n=27). Comparison of SCN excretion values did not
show any difference between the morning and midday
samples. The SCN median value of non-smokers was 24 m mol
l ± 1 (range 9± 24 m mol l± 1) and was statistically different from
that of smokers (SCN = 92 m mol l± 1, range 33± 275 m mol l ± 1)
(p<0.001). In smokers median levels of SCN increased with
the intensity of tobacco smoking and SCN individual excretion
rose in relation to the number of cigarettes smoked daily
(r=0.78, p<0.0001, n=16). In the whole group of investigated
subjects SCN excretion was correlated with urinary cotinine, a
well know biomarker of tobacco consumption (r=0.86,
p<0.001, n=99). When the assay was applied as a smoking
habit screening test, with a cut-off value of SCN=38 m mol l± 1

adopted to discriminate between non-smokers and smokers,
the following smoker track-down predictive values resulted:
93% negative for non-smokers and 96% positive for smokers.

Keywords: thiocyanate, urine, tobacco smoke biomarker,
predictivity.

Introduction
T hiocyanate ion (SCN) is the m ajor detoxicat ion pro duct  of

cy anid e,  w hich  is  co nv erted  to  SCN  by a  thiosu lph ate

s u lp h u rtransferase  (E C 2.8 .1 .1) ,  m ainly in  hepa tic

m itochondr ia  (Him wich and Saunders 194 8).  L ow- lev el

cy an id e ex po su re for  man is caused  by fac tors such  as die tary

intake of  cyanogenic  glucosides,  tobacco  smoking,  dru g

ad m ini stra t io n and  o ccu pation al  exp osu re  to  organic  ni tr i les

(IPCS 1993).  SCN is also  an important  m etaboli te  o f  sulph ur-

con tain ing  com p oun ds,  such  as g luco sin olat es con tained  in

som e vegetab les, especially  those of  the brassica  family

(Bourdoux 1 995).  As a consequence SCN  is  usually  pre sen t  in

bio log ica l f lu ids (serum , sa l iva and u rine)  in  concentrat ions of

so m e  m m ol  l±1 (Nogan g et  al . 199 3) T he m easurement of  SCN in

biologica l  f lu ids has been sugges ted for  some t im e as a

biom ar ker  of  tobacco consumption G ard e n er  et al. 1984, Pojer

et  al . 1984 , Junge 1985, Jarv is  et  al . 1987 , Robert so n et al.

1987). W hile  the determ inat ion of  SCN in serum  an d  sal iv a h as

fo un d wid e a ppl icat io n,  ur in ary S CN  de term ination,  in  sp i te  of

the ease  of  biologica l  sample collect ion, has received l it t le

at tentio n.  T his  w as probably du e to  serum  an aly ti cal  m etho ds

not bein g suff ic iently  accurate  when  app lied to  ur ine

sp ecim en s (M aeh ly an d S wen sson 197 0, L un dqv ist  et al. 1979,

P re ’  and Vassy 1991, Michigam i et al. 1992, Ensaf i  and

Tajebakhsh-E-Ardanasy  1995).  The aim  of this work was to

confirm  the validi ty  of  urinary  SCN excre tion as a tool  for  the

evaluation of  cigare tte sm oking. SCN excre t ion,  determ in e d  b y

a simp le  colorim etric  m ethod based  on Kö nig  synthesis o f

pyr idine dyes,  was s tudied  in  a group of  subjects of  vary in g

cigare t t e  con su m ptio n.  T h e results o f  this  s tudy w ere  t h e n

used to  evalu ate  th e predict ivi ty  of  the test  in  discrim inating

betw een sm o ker s and non -sm ok ers.

EXPERIMENTAL

Chemicals
Potassium thiocyanate (analytical grade) was obtained from C. Erba (Milan, Italy),

the Spectroquant 14800 kit for analysis of cyanide in water was from Merck

(Darmstadt, Germany), SPE octadecyl Sep-Pak C18 cartridges, with 360-mg

filling, were from Waters (Milan, Italy).

Instrumentation
Colorimetric analyses were done by means of a 552 UV/visible

spectrophotometer (Perkin Elmer, Monza, Italy) with 10-mm optical path glass

cuvettes, set at 585 nm, 1 nm slit width. For solid-phase extraction (SPE) a 24-

port vacuum manifold was used (Alltech, Milan, Italy).

Study group
A group of 99 healthy male white-collar office workers was studied. Information

regarding occupation, tobacco consumption, work-related passive tobacco

smoke exposure (ETS) and confounding factors (age, vegetarian diet, alcohol

consumption, drug intake, etc.) were recorded through an anamnestic

questionnaire. Subjects were classified according to tobacco smoke exposure

and smoking habit: (a) non-smokers (n=72)Ð 48 not exposed to ETS in the

working environment (NS, n=48) and 24 passively exposed (PS, n=24), (b)

smokers (n=27)Ð mean number of cigarettes smoked per day, 17 (range 2± 40,

with an average of five cigarettes being smoked during the monitored time

interval); moderate smokers (LS, smoking no more than 15 cigarettes per day,

n=13) and heavy smokers (HS, smoking more than 15 cigarettes per day, n=14).

Self-reported tobacco smoking status was verified by means of urinary cotinine

determination.

Urine sample collection and storage
Spot urine samples were collected from each subject twice a day at 7:30 h

(second urination, beginning of workshift) and at 12:30 h (after a 5 h shift, before

lunch interval); shortly afterwards 0.5 ml aliquots were separated and stored at

± 18°C until analysis.

Standard preparation
A stock standard solution of SCN (100 mmol l± 1) was prepared by dissolving 970

mg of potassium thiocyanate with 100 ml of deionized water; working standards

for calibration were prepared daily by diluting stock solution with water to obtain

concentrations of 5, 10 and 40 m mol l± 1)
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Sample processing
A 0.5 ml aliquot of urine was diluted to 5 ml with deionized water and the resulting

solution was loaded onto an SPE cartridge preactivated with 3 ml of methanol and

4 ml of water. The sample solution was aspirated by negative pressure through

the cartridge and the eluate was collected. Then 0.5 ml of eluated or working

standard solution was further diluted to 5 ml with water and, according to supplier

instructions, Spectroquant reagents (Chloramine T, buffers, pyridine,

dimethylbarbituric acid) were added, by use of the kit green measuring spoon.

After mixing and waiting for 5 min, sample colour was read using water as a

blank. The SCN concentration in the sample was calculated based on the

standard calibration curve.

Other methods
Urinary creatinine was determined photometrically through a Cobas Fara analyser

and urinary cotinine was determined through a modified HPLC method (Pichini et

al. 1991).

Non-parametric tests, assuming non-normal distribution of data, were used for

statistical elaborations.

Results

Analytical quality
T he co lorim etric  analysis ad opted h ere is based on König

synthesis of  pyridin e-derived dyes.  Br iefly, SCN rea cts  w ith

chlo rine an d forms cyanogen ch loride ,  CNCl. T he CN+ i o n

reacts with  py rid ine to  pro d uce  an  i nt erm e d ia t e  w h ich

h y d ro lyses to  a  conju gated  dialdehyde,  glutaconic aldehyd e.

T he coupling  of  the d ialdehy de with 1 , 3 -dim ethyl  barbitur ic

acid resu lts  in  a violet  p olym ethine dy e.

T h e stan d ard  cal ibr at ion curve (y=1.3 2x )  was l in ear  up to  an

SCN  co ncentrat io n equivalent to  1000 m m ol  l±1 in  th e water  or

u rin e sam p le an d i ts  s lo pe app eared  not  to  be affected  by the

n a tu re  of  the matrix  used to  pre p a re  di luted S CN w orking

so lu tions. The l im it  of  detect ion,  ca lculated as three  t im es th e

b lan k stan dard  deviat ion , was 2 m m o l l±1.  T he w ithin -day

p rec isio n of  the m eth od,  ev aluated by rep ea ted an alysis  of

SCN low- and high-level urine samples (SCN=21 m m o l l±1 a n d

8 7 m m ol  l±1,  n =10) gav e re lat iv e s tandard  dev ia tions (RSD) of

5.2 %  an d 2.4 %  resp ectiv ely.  Between-day prec isi on ,

d et e rm in ed by  repeated  an alysis of  the sam e urine over a  3

month per iod,  gave an  average SCN concentrat ion of  105 m m o l

l±1,  RSD=5.7% , n =12. T he reco very rate of  SCN (100 m m o l l±1

add ed to  ur ine sam ples contain ing 13  m m ol l±1 of th iocyanate)

w as highe r than  9 5% .

T he analytical  quali ty  of  the pro c e d u re  a p pe ared to  be

great ly  aff ec ted  by the SPE  purif icat ion step . In  fac t,  ca librat ion

c u rves ob ta ined from  seven  differen t  u np ur if i ed ur ines ( spik ed

with four S CN  concentrat ions in  the range 20±400 m m ol  l±1)

show ed variab le  s lope values in  the range from 0.57  to  2.14. In

contrast ,  w hen SP E  pur if icat ion was ado pted , th e ca l ibr at ion

c u rve slopes becam e very  co nsistent  an d were  i nd ep en de nt  o f

m atrix  influen ce.

Study group results
U rina ry  SCN values  observed in  the studied subjects bef ore

and after  a  5  h w orkshif t , w ith  subjec ts  grou p ed  a cco rd in g to

thei r  tobacco sm oking hab it ,  are  rep o rted in  Table 1 . In

sm okers or  non-sm okers neither  the t im e at  which S CN

m ed ia n ex cre t ion valu es were  ob ta ined (m orning  and  lu nc h)

nor  th e com par iso n o f  in divid ual  p aired data  rev ealed  a ny

signif icant  sta t is tica l  di fferen ces.  On  th e o ther  h and  th e

com par iso n b etween m edian v alues of  no n-sm oker s versus

sm okers sh owed high ly  signif icant  differences (p <0.01) : the

m edian concentr at io n of  SCN  in non- sm oker urine sam ples,

co llec ted  at  12:30  h,  was  24 m m o l l±1 (n =72) , w hile  in  smok er s

i t  was 92 m m o l l±1 (n =27 ).  W hen the s tudied subjects  w ere

gro u pe d ac co rding  to  se lf -re p o rted tobacco sm ok e exposure

status (Table  2) , urinary  SCN co ncen tr at io ns w ere observ ed  to

in c rease with gro w ing  exp osu re levels and stat is tical ly

signif ican t  differe nc es w ere  a p pa rent  betw een  NS  and LS

m edian  v alues (p <0.01) and between L S and HS (p <0.01 ); no

stat isti cal ly s ignif icant  differen ce w as ob serv ed between  N S

and PS  grou ps.  Tab le 2  sho ws th e ur inary  cotin ine v alues

ob served in  the different  to bacco sm oke ex posure grou ps:  N S

and P S values never  exceeded th e analytical  detec t ion lim it  of

0.28 m m o l l±1,  whi le L S and HS gro u p s s ho w ed  m ed ian  va lu es

of 3 .97 and 6.72  m m o l l±1 resp ectiv ely. Self-re p o rted to bacco

M. Buratti et al.82

Urinary SCN concentration

Sampling time 7:30 h Sampling time 12:30 h

Non-smokers Smokersa Non-smokers Smokersb

m mol l± 1 m mol mmol± 1 cr m mol l± 1 m mol mmol± 1 cr m mol l± 1 m mol mmol± 1 cr m mol l± 1 m mol mmol± 1 cr

Average 23 1.50 106 6.02 25 2.04 105 8.00

Standard deviation 8 1.07 77 4.08 8 1.15 61 4.41

Median 22 1.13 99 5.59 24 1.82 92 6.83

Geometric mean 22 1.26 82 4.60 24 1.76 90 6.80

Min. value 10 0.35 20 1.08 9 0.27 33 1.60

Max. value 52 7.34 320 14.97 42 5.46 275 17.38

n 72 70 25 23 72 70 27 26

Table 1. Thiocyanate (SCN) concentration in spot urine samples of the studied group (samples collected at 7:30 h and 12:30 h). Values are expressed in m mol l± 1

and m mol mmol ± 1 creatinine ( m mol mmol± 1 cr).

a Mean number of cigarettes smoked daily = 17.

b Mean number of cigarettes smoked during the monitored time interval = 5 gig./5 h.
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smoking status ful ly  agree d w ith  ur in ary  co tinine excre t ion.  A

highly signi f ican t  re la t io nship betw ee n ur ina ry  S CN and

cot inine h as b een  fo und in  th e wh ole gro up of  subjec ts

stud ied;  this  re lat io nsh ip is  d escr ibed b y th e equatio n

y =27.4+12.1x (r=0.86 , n =99, p <0.01) (F igu re  1) .  In  smoker

group (L S+HS), a sta tist ical ly  signi f icant re la t io nsh ip  betw een

S CN  concentrat ion and se lf -re p o rted daily  sm oked cigare t te

n um be r w as ev iden t  (y = e(3 .64+0.05x ), r=0.78, p <0.01 , n -16 ) (F igure

2) .T he confounding f ac tor s s tu died  had no inf lu en ce  on  SCN

e xcre t io n.

T he stat ist ica l  results  d id n ot  ch ange wh en d ata  elab orat ion

w as done w ith S CN  excre t i on ex pressed  i n  m m o l  m m o l±1

c reat in ine instead of  m m o l l±1.

Predictivity of the test
SCN cum ulative  freq uen cy  distr ibut ions of smokers and non-

smokers are re po rted in  Figure 3. They  appear to be fully  distin ct,

with an  opt imum disc rim ination value between  non-sm okers

and smokers set  at  38 m mol l±1. Indeed, 69  ou t of 72 non- smokers

hav e SCN values lower  than and  25  out of 27  smoker s hav e SCN

values higher  than  38  m m ol l±1. Accordin g to  this cut- off  valu e the

p red ictiv ity  of  urinary SCN as a screen ing test for tobacc o

consu mption  has been  calculated:  the  SCN posi tive pred ictive

value (VP+, percen t of true  smokers among  all  those who  were

positi ve to SCN test)  is 89% , and the negativ e value (VP±, perce nt

of true non-sm okers among  all  those who were neg ative to the

SCN test)  is 97%, with a sensit ivity, Se, of 93%  (Se, percent  of

Urinary thiocyanate 83

NS PS LS HS

SCN COT SCN COT SCN COT SCN COT

Exposure level (m mol l± 1) (m mol l± 1) (m mol l± 1) (m mol l± 1) (m mol l± 1) (m mol l± 1) (m mol l± 1) (m mol l± 1)

Mean 24 <0.28%a 26 <0.28%a 76 4.06 132 8.68

Standard deviation 8 8 49 1.99 60 4.87

Median 23 27 70 3.97 115 6.27

Geometric mean 23 25 66 3.60 120 7.27

Min. value 9 14 33 1.43 40 1.19

Max. value 42 45 223 8.59 275 18.39

n 48 24 13 13 14 14

Table 2. Urinary concentrations of thiocyanate (SCN, m mol l± 1) and cotinine (COT, m mol l± 1), determined in samples collected at 12:30 h, in subjects classified

according to tobacco smoke exposure level. Key : NS, Non-smokers not exposed to environmental tobacco smoke (ETS); PS, non-smokers passively exposed to

ETS; LS, smokers smoking no more than 15 cigarettes per day; HS, smokers smoking more than 15 cigarettes per day.

a All samples had cotinine <0.28 m mol l ± 1, analytical limit of detection.

Figure 1. Relationship between urinary SCN (y, m mol l± 1) and urinary cotinine

concentration (x, m mol l± 1): y=27.4+12.1x, r=0.86, p<0.01, n=99.

Figure 2. Relationship between urinary SCN concentration (y, m mol l± 1) and

number of cigarettes smoked daily (x, cig./day): y=e(3.64+0.05x), r=0.78, n=16.
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smokers corre ctly  detect ed among all  the smoker s) and a

specif icit y, Sp, of 96% (Sp, percen t of non-sm oker s correc tly

detect ed among all  non-sm okers).

Discussion
T h e aw areness of  a person ’ s smok in g habit  is essential  in

d ifferent  m edical  act ivi t ies such as epidem iological

invest igat io n of  exposu re to  chem icals and  in  cl inical  p ract ices

w h e re  p atient s m ay p resent  sm oking -re lated diseases.

H o we ve r, given that  sm okers tend almost system at ical ly  to

u n d e r- r ate  their  to bacco consum ption , and th at  sm okin g and

inh aling h abits  are diff icult to  evaluate , an objective va lida t ion

of curre nt  con sum p tio n rat e  th rou gh quan ti ta t iv e

m e a su rem ent o f  tobacco pro ducts  in  bo dy f lu ids is  m and atory.

W h il e  m easu rem ent of  SCN  in plasma and  sa l iva was

suggested  long ago  as a  biom arker  of  tobacco consum ption,

u r in a ry  SCN values have received l i t t le  a t tention.

The effec tive perform anc e of  the proposed proce du re  i n

evaluating  the sm oking  hab it of  ind iv iduals is based  primar ily  on

its im proved  analy tical  spec ifi city.  Urine contains m any

pyrid ine-like  compounds able to undergo a König react ion , as is

the case, for instance , of nico tine metabo lites (O ’ Dohert y and

Cooke 1990)  and possib ly of  vitam in B6 metabol ites, such as 4-

pyr idoxic  acid  and pyridoxamine. These  organic  compounds are

retaine d in the C18  cartr idge during the SPE puri ficati on step,

and thus they  can  no  longer in terfere  with subsequent

determination  of  SCN which , on  the  other  han d, is unre ta ined in

the  cartr idge. In  fact when  the SPE step was omitted and SCN

determina tion was done on sim ply diluted urine samples, the

inter-subj ect variab ility of  the measure  increased and the

discr iminati ng power of  the assay  was greatl y reduced. Th e

adequate perform anc e of  the proposed assa y is supported  by the

posit ive  corre la tion between urinary  SCN concen trat ion and

dail y cigare tte consum pt ion.  An exponentia l m odel was

p referre d to a l inea r model to descr ibe  th is associ atio n beca use i t

ref lects the curvil inear  re la tionship observed  betw een se lf-

rep orted cigare t te consumption and serum SCN concen trat ion.

This concentration apparen tly  levels ou t to approx imately  175

m m ol l±1, corresp onding  to abo ut 20  cigare tte s per day

(Woo dw ard  et al. 199 1, Bourdo ux 1995) . The re lat ion sh ip

observ ed here is signif ican tly stron ger  than  that  rep orted between

plasm a SCN and  cigaret te  num ber  in  prev ious stud ies (Gard ner  e t

al. 1984, Pojer et al. 1984) . Moreo ver, the validi ty of urinary SCN

in the catego rization of subjects  acco rding to  their tobacco

smoking hab it gav e more consistent  resu lts than  other  studies

(only  70%  of  smokers were iden tifi ed by  use of  the sam e

biomarker, Pre’  and Vassy 199 1) , and com parab le resu lts to those

obtained  in  m uch  m ore elabor ate nicoti ne or cotini ne tests (Jarv i s

et al. 198 7) . Becau se non -sm oker and smoker gro ups did not

differ in rela tion to  occupation , die tary  habi ts, and other

con foun ding  facto rs, the increased  vali dity  of the test  can  on ly be

att ribu ted to  analyti cal  improvem ents. The lack of differe n ce s

betw een m orning and m idday individual excre tion values

observe d in  th is study confirm s tha t  urinary levels of SCN are

good ind icato rs of chro nic consu mption  of  tobacco  beca use they

a re not sensit ive to  daily  var iation  in tobacco smokin g. SCN-

delayed  excret ion  is due to the slow  tran sfo rmation  of  cyan ide

and  possibl y nitr iles, as well as the f ina l el imina tion  of the  ion

from  urine (Dalham n et al. 1968 ). For  instance, aceto nitr ile was

recen tly  found  in exh aled  ai r from  non-sm okers (6  ppb) and

smokers (69 ppb)  and  i ts concentr at ion  was observ ed to  drop only

slowly when smokin g ceased  (t
!s 
=48h), corresp onding to  the slow

transf orm ation rate of aceton itrile  to cyan ide (Jord a n  et al. 1995).

Q uan tifyin g ex posure  to  tobacco products is useful  for

epid em io logical  stu dies con cern ed wi th the effi cacy of

sm o king  cessat ion  m ethod s.  With i ts re lat ively long mean

bio log ical half -l ife (SCN t
!s
= 6 days)  (Junge  1985), by far

exceed ing that  of  cotinine (t
!s 
= 30 h) , SCN gives improved  lon g

te rm estim ates of  tobacco consu mption.  Other biom ark ers  of

tobacco smo king,  such as ca rbon m on oxide in  ex haled  air,

nicot ine in  plasma (t
!s
= 30 m in ),  an d car boxyhaemog lo bin in

wh ole blood  (t
!s
= 4 h) , are  t im e dep endent indicator s of  re c e n t

sm ok e inhalat ion .  T hey are  sensi t iv e to  the nu mber o f  puffs  per

cigare t te , length of  th e b utt  and inhaling habit  to  the point  that

va lu es d rop  r apid ly dep ending on  th e t im e elap sed  since the

last  c igaret te  was sm oked (Robert so n  et al. 1987). Lastl y, SCN

d ete rm inatio n i n  u rin e d oes no t  re q u ire  tra ined medical  staff

for  sam ple co llect ion,  and i t  is m ore  acceptab le  to  p eople than

co llec t ing other  biologica l  f lu ids, such  as blood or  sa liva.

U r in ary  SCN determ in ation  c ou ld  t hu s re p resent  a  usefu l

tool  in  the  asse ssm ent of  long-term  in div idu al  to bacco  sm ok e

consum ption  because i t  is  easy to  perfo rm  on a large sca le in

lab orator ies  and  it  has an  acceptable  specif ici ty
.
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