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A simple, inexpensive urine test of smoking
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ABSTRACT Three novel colorimetric methods of detecting urinary nicotine metabolites called the
barbituric acid, diethylthiobarbituric acid (DETB), and DETB extraction methods were evalu-
ated for use as a simple, cheap, objective test of smoking. Urine samples were collected from 103
male smokers and 78 male non-smokers working at two London factories. The smokers recorded
the number of cigarettes smoked over the previous 36 hours. All three methods correctly
classified the smokers. The DETB extraction method had a lower false positive rate (averaging
3% on morning and afternoon urine samples) than either the DETB or the barbituric acid
method (12% and 6% respectively) and was the best procedure for classifying subjects as "smok-
ers" or "non-smokers." When a quantitative variant of the barbituric acid method was used there
was a significant correlation (r = 0.85, p < 0.001) between the ratios of urinary nicotine metabo-
lites to creatinine and the number of cigarettes smoked. The ratios for smokers of 6-15, 16-25,
and 26 or more cigarettes, however, overlapped considerably. The methods can be performed
very rapidly and the reagent cost is equivalent to less than lp per test.

Self reports of smoking behaviour need to be sup-
plemented by an objective test of smoking. Large
discrepancies have been found between self
reported smoking status and objective tests of smok-
ing.' 4 Although some non-smokers may have
detectable levels of urinary nicotine due to passive
smoking,5 the discrepancy has been largely attri-
buted to deception on the part of smokers.2-4
Measurements of expired carbon monoxide, car-

boxyhaemoglobin, or thiocyanate in the blood, or
nicotine in urine or saliva, have been used to vali-
date self reported smoking habits. None of these
tests, however, is really satisfactory for routine use
by physicians-for example, in antismoking clinics.
Even the measurement of expired carbon monoxide,
which is the most acceptable to subjects, still
requires the training and supervision of field work-
ers in using expensive equipment. Measurement of
urinary and salivary cotinine avoids the need for
venepuncture, but the present method of assay using
gas chromatography is expensive (about £4 a test),
time consuming, and subject to interobserver
variability. Analysis by radioimmunoassay does not
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confer any benefits in terms of the need for expen-
sive equipment, cost (about £8 per test), or observer
variability. A simpler, less expensive test of smoking
would seem desirable.

In the past modifications of the Konig reaction
have been used to measure urinary concentrations
of isonicotinic acid and isonicotinylglycine, major
metabolites of the antituberculosis drug isoniazid.6
Their sensitivity was such that they enabled a simple
colorimetric urine test to be devised which was cap-
able of detecting the ingestion of minute doses of
isoniazid, thereby enabling it to be used as a marker
to monitor patients' compliance.7-9 Urine samples
from non-smokers containing isonicotinic acid gave
a characteristic blue colour when tested by the pro-
cedure. It was noticed, however, that urine samples
from smokers not taking isoniazid gave distinctive
orange colours and it was thought that nicotine and
its metabolites were being detected.9 I0 Preliminary
studies showed that if diethylthiobarbituric acid was
used in place of barbituric acid as the condensing
agent in the Konig reaction a red product was
obtained, which was readily extractable into ethyl
acetate. These observations formed the basis of
three simple potential urine tests to monitor nicotine
intake.
The main purpose of this study was to establish

the false positive and false negative rates of the
urine tests in identifying smokers and non-smokers,
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so that they could be compared with the rates which
have been published for the other methods. The
interobserver variability as well as the variability of
the test on duplicate urine samples was also deter-
mined.

Methods

SUBJECTS
Volunteers were recruited from men working in two
London factories (Philips Electronics and Tate and
Lyle Refineries Limited) and included 78 non-
smokers and 103 regular smokers of manufactured
and hand rolled cigarettes. Pipe and cigar smokers
were not enrolled.

RECORDING OF SMOKING HABITS AND
COLLECTION OF URINE SAMPLES
At the start of a working day the volunteers were
each provided with two bottles for collecting urine
and three randomly numbered tubes containing
thymol, one marked "AM' and two "PM." The
men were asked how many cigarettes they had
already smoked that day and the brand of cigarette
or tobacco used, and were requested to keep a
record of every cigarette smoked over the next 36
hours, since cotinine, a major metabolite of nicotine,
has a half life of about 20 hours." As a check on the
accuracy of recording, smokers of manufactured
cigarettes were also asked to count the number of
cigarettes in their packets at the start and end of
each day, noting the number of new packets opened.
All volunteers were asked whether they worked or
lived with someone who smoked. The following day
(24 hours after being given the bottles and tubes)
the men were asked to provide one 5 ml specimen of
urine first thing in the morning and two 5 ml speci-
mens at a single voiding in the middle of the after-
noon. The random numbering of the tubes and the
removal of AM/PM labels before delivery to the
laboratory ensured that the tests were carried out
blind. The creatinine concentration of the two after-
noon samples should have been identical and dis-
tinct from that of the morning sample and this was
checked to ensure that the subjects had not mixed
up the tubes when collecting the morning and after-
noon specimens. Samples were preserved with a
crystal of thymol and frozen at - 20°C before
analysis. An investigation carried out on a random
sample of the smoker's urine samples, however,
showed that they could be stored for at least a week
at room temperature without significant decomposi-
tion of either nicotine metabolites or creatinine.
To provide additional evidence on the ability of

the methods to detect low concentrations of nicotine
metabolites, such as cotinine, 0.05 ml aliquots of
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aqueous cotinine with concentrations of 0, 1, 2, 4, 8,
and 16 ,g/ml respectively were added to 0.45 ml
portions of each of the 24 afternoon urine samples
from the non-exposed smokers. The samples were
coded and randomised before being tested by the
three methods and the results read by the two
observers.

LABORATORY METHODS
The urine specimens were tested for the presence of
nicotine metabolites by the three alternative qualita-
tive procedures described below and classified by
two observers (GAE and PJJ) with the naked eye.
Where it was very difficult to make a decision the
samples were classified as probably positive or prob-
ably negative; otherwise they were reported as
definitely positive or definitely negative. No refer-
ence was made to any sort of comparison chart. The
second observer had had no experience of using any
of the methods before the study, while the first
observer had only some experience of the direct
barbituric acid method. Thorough mixing after each
addition of reagent or solvent was achieved by agita-
tion on a vortex mixer for about three seconds.
Qualitative detection of nicotine metabolites: direct
barbituric acid method Aliquots (0.5 ml) of urine
samples were pipetted into small test tubes with a 4
molI pH 4.7 acetate buffer (0.2 ml) and reacted by
the sequential addition at 15 second intervals of
freshly prepared 10% aqueous potassium cyanide
(0.1 ml), 10% aqueous chloramine-T (0.1 ml), and
1% barbituric acid in acetone and water (1:1 v/v)
(0.5 ml). A positive result was indicated by the
appearance of an orange colour within 20 minutes.
Qualitative detection of nicotine metabolites: direct
diethylthiobarbituric acid (DETB) method This
method is the same except that 1 ,3-diethyl-2-
thiobarbituric acid is used and the presence or
absence of a pink-red colour is noted at 20 minutes.
Qualitative detection ofnicotine metabolites: diethyl-
thiobarbituric acid (DETB) extraction method This
method is the same except that the reaction product
is extracted into 0.5 ml ethyl acetate.
Quantitative determination of nicotine metabolites:
barbituric acid method After all the factory speci-
mens had been read by both observers with the
naked eye as positive or negative for the presence of
nicotine metabolites and the results recorded, uri-
nary concentrations of nicotine metabolites were
determined quantitatively. The optical densities of
the specimens tested by the barbituric acid method
were measured at 506 nm 20 minutes after reaction
and compared with the reading given by an aqueous
solution of 10 ,ug/ml cotinine. Standard curves relat-
ing the optical density of the reaction product and
cotinine concentration in aqueous solution and
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non-smoker's urine were prepared. Statistical
evaluations showed that both curves were linear and
parallel to each other. From the errors it was shown
that the cotinine concentration could be predicted
from the optical density with a residual standard
deviation of only 0.08 ,ug/ml. A cotinine standard
was used since urinary concentrations of cotinine
exceed those of nicotine when the pH of the urine is
uncontrolled,'2 as in this study.
Quanttative determination of nicotine metabolites:
DETB extraction method The DETB extraction
method was carried out with double volumes and
after 20 minutes the reaction product was extracted
into 2 ml ethyl acetate. After centrifugation 1.5 ml
of the ethyl acetate extract was pipetted into a small
test tube, 0.2 ml ethanol was added, and the test
tube was shaken. The optical density was then
measured at 532 nm and nicotine metabolite con-
centrations were calculated by reference to the
results obtained with an aqueous 10 ,tg/ml cotinine
standard.
Determination ofcreatinine To allow for the effects
of diuresis,'2 ratios of nicotine metabolites to
creatinine (,ug apparent cotinine/mg creatinine)
were calculated after measurement of creatinine
concentrations by a modification of the alkaline
picrate method.'3

STATISTICAL METHODS
The recordings of the two observers on the morning
and first afternoon samples were used to calculate
interobserver variability. The duplicate afternoon
samples read by each observer were used to assess
inter-test variability. The percentage agreement
between two observers reading a series of non-
identical specimens or one observer reading a series
of duplicate specimens as "positive" or "negative"
can be high even when there is no real association
between the readings. It was therefore necessary to
calculate kappa statistics, which allow for this
phenomenon, where values of kappa increasing
from 0 to 1 indicate how much greater the agree-
ment was than could be attributed to chance.'4 The
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false positive and false negative rates of the three
qualitative methods obtained by each observer in
identifying smokers and non-smokers were calcu-
lated separately from the results obtained (a) on the
morning samples and (b) on the afternoon samples.

Results

QUALITATIVE RESULTS
Table 1 shows the between observer variability of
the three colorimetric methods in identifying smok-
ers and non-smokers. The intertest variability as
read by one observer is also shown in the table. The
intertest variability was similar for the second
observer. Although interobserver and intertest vari-
ability was low for all three methods, the intertest
agreement was highest for the DETB extraction
method.

Table 2 shows the false negative and false positive
rates of the three methods in identifying smokers
and non-smokers as read by one observer. For sim-
plicity probable negatives have been included with
the definite negatives and probable positives with
the definite positives. All the urine samples from the
smokers were found to be definitely positive by each
of the three methods by both observers. Appreci-
able false positive rates were encountered but these
were much lower for the DETB extraction method
(morning and afternoon rates averaging 3%) than
for the direct barbituric acid and DETB procedures
(morning and afternoon rates averaging 6% and
12% respectively). Similar results were obtained by
the second observer and the same specimens were
nearly always misclassified by both observers. It was
concluded that the DETB extraction method was
the most satisfactory procedure for classifying sub-
jects as "smokers" or "non-smokers."

After the qualitative tests had been completed
and the results recorded, the false positive readings
encountered among the non-smokers by each of the
three methods were analysed according to their
estimated excretion of nicotine metabolites and
reported smoking exposures. The ratios of nicotine

Table 1 Interobserver and intertest variability ofthe colorimetric methods in deternining smoking habit

Type of % of readings in agreement (kappa stadstics* (SE)) n
variability

Barbituric acid method DETB method DETB extraction method

Interobserver
Morning samples 98 (0.95 (0.02) 97 (0.93 (0.03)) 98 (0.97 (0.02)) 181
Afternoon samples 99 (0.99 (0.01)) 97 (0.94 (0.03)) 100 (1.00 (0.00)) 179t

Intertest
Afternoon samples 94 (0.87 (0.04)) 93 (0.85 (0.04)) 99 (0.98 (0.02)) 174*

*See text.
tTwo specimens missing or broken.
*Seven specimens missing or broken
DETB-diethylthiobarbituric acid.
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Table 2 False positve and false negalive rates ofthe three colorimetric methods for determining smoking habit

Method Morning sampk Afternoon sanple

False False False False
negatives positives negatves positives

Barbituric acid 0 4 4% 0 10 (9%)
DETB 0 11 10%) 0 16 14%)
DETB extraction 0 5 5%) 0 1 1%)
True positives 103 102
True negatives 78 77
Total 181 179*

*Two specimens missing or broken.
DETB-Diethylthiobarbituric acid.

metabolites to creatinine for all but one of the non-

smokers were very similar and averaged 0.7 (SD
0.2) and 0.9 (0.2) for morning and afternoon speci-
mens respectively. The exception was a subject with
ratios of 2.0 and 2.7 who was exposed at home and
at work. For this subject definitely positive results
were obtained by each of the three qualitative
methods. For the remaining 77 subjects about half
of the false positives by the direct barbituric acid and
DETB methods were classified as definitely positive,
whereas all the false positives by the DETB extrac-
tion procedure were reported as only probably posi-
tive. Among these 77 non-smoking subjects there
was no relatiotiship between positivity and reported
exposures to smoking at home or work or both.
Most of the false positives occurred among highly
coloured urine samples with raised creatinine
concentrations.
The results obtained by one observer in the addi-

tional sensitivity study are summarised in table 3.
Similar results were obtained for the second
observer. The findings suggest that a 50% positivity
rate could be obtained with concentrations of about
0.45, 0.35, and 0.15 ,g/ml continine for the bar-
bituric acid, DETB, and DETB extraction methods
respectively. This indicates that the extraction pro-

cedure is considerably more sensitive than the direct
barbituric acid method for detecting nicotine
metabolies in the urine.

QUANTITATIVE RESULTS
Figure 1 shows that with the direct barbituric acid
method there was a strong correlation (r = 0.85),

significantly different from zero (p < 0.001), be-
tween the ratios of nicotine metabolites to creatinine
in the morning samples of urine on the second day
and the number of cigarettes smoked on the first
day. The correlation remained significant (r = 0.48,
p < 0.001) after exclusion of the non-smokers.
Despite this, there was considerable overlap be-
tween the ranges of the ratios of nicotine metabo-
lites to creatinine of smokers of 6-15, 16-25, and 26
or more cigarettes. Figure 2 shows the range of the
ratios for the morning samples of urine for men

grouped according to the number of cigarettes
smoked on the previous day. Similar results were
found for ratios of nicotine metabolites to creatinine
in the afternoon samples of urine on the second day
and the number of cigarettes smoked on that day as

well as the total smoked over the first and second
days. Investigations carried out on the afternoon
samples showed that the quantitative variant of the
DETB extraction procedure did not give a

significantly better discrimination between the ratios
of nicotine metabolites to creatinine in samples from
smokers and non-smokers than did the simpler
direct barbituric acid method.

Dwussion

The reluctance of some people to admit to being
smokers could create difficulties when trying to vali-
date a new objective test of smoking. The greatest
discrepancies between self reported smoking habit
and objective tests of smoking have been reported
among respondents from antismoking clinic and

Table 3 Sensitivity study: number ofpositive observatons

Method Final cotinine concentration (pg/ml) n

0 0.1 0.2 0.4 0.8 1.6

Barbituric acid 1 0 1 9 18 24 24
DETB 3 3 6 14 24 24 24
DETB extraction 1 8 20 24 24 24 24

DETB-diethylthiobarituric acid.
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Fig 1 Relationship between ratios ofnicotine metabolites to creatinine in morning urine
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patients given antismoking advice,23 where decep-
tion would be expected to be a problem. We chose a
factory rather than a hospital population to reduce
deception on the part of respondents. Prior know-
ledge that a test of smoking is to be carried out
sometimes increases self reporting of smoking'5 16
and respondents in this study were sent a letter
explaining fully the purpose of the work. The men
also kept a record of cigarettes smoked over the
days of the study to eliminate recall errors.
With the DETB extraction method only four of

the 78 non-smokers in our study were wrongly
classified. The false negative and false positive rates
for the DETB extraction method in identifying
smokers and non-smokers--namely, zero and 3%
respectively-compare very favourably with the
published results of other tests. False negative rates
of 12-34% have been found when expired carbon
monoxide was used for identification, 5-17% with
blood carboxyhaemoglobin, 7-36% with serum or
plasma thiocyanate, 5% for plasma continine, and
28% with a combination of serum thiocyanate and
expired carbon monoxide.34 17-22 The corresponding
proportions of false positives in these studies were
1-5%, 0-19%, 2%, and 1% respectively.

It might be argued that considerable experience
would be required to use this subjective qualitative
procedure efficiently. We found, however, that the
second observer, who was new to the procedures,
performed as well as the more experienced
observer. Furthermore, the proportion of false posi-
tives recorded among the first half of the samples
analysed by the DETB extraction method was no
higher than among the remainder for either
observer. We may therefore conclude that the
DETB extraction test is robust and likely to perform
as well in the hands of other observers reading small
numbers of specimens for the first time.
We had hoped that colorimetric estimation of the

urinary concentration of nicotine metabolites might
provide a useful measure of nicotine inhalation and
might even be directly related to the number of
cigarettes smoked. Although there was a significant
overall correlation between the ratios of urinary
nicotine metabolites to creatinine and number of
cigarettes smoked (fig 1), the ratios for volunteers
smoking 6-15, 16-25, and 26 or more cigarettes
overlapped considerably. Such estimates of nicotine
intake, however, correlated as closely with numbers
of cigarettes smoked as other parameters used pre-
viously. Correlation- coefficients of 0.4-0.5 have
been found between serum thiocyanate,8 21 22 car-
boxyhaemoglobin,22 expired carbon monoxide,2'
and urinary nicotine5 concentrations and numbers of
cigarettes smoked. In these studies the concentra-
tions in light smokers and non-smokers also over-
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lapped considerably, as did those in moderate and
heavy smokers.52'22 It is now accepted that the
intake of nicotine, cyanide, or carbon monoxide
depends not only on the number of cigarettes
smoked but also on the puffing and inhaling pat-
terns. Consequently the number of cigarettes
smoked accounts for only about 25% of the variance
in urinary nicotine, expired carbon monoxide, and
serum thiocyanate.2223

If self reports of smoking need to be sup-
plemented by an objective test of smoking it is an
advantage if such a test is cheap, reasonably rapid,
and capable of being applied to a large number of
samples and if it does not require venepuncture or
training of field workers in the use of expensive
equipment. The DETB extraction procedure meets
these criteria. It requires only urine samples, is sim-
ple to perform, and takes less than one minute a test
on average, and reagent costs are less than lp a
specimen. Furthermore, the quantitative barbituric
acid ratio method for estimating nicotine intake is
also cheap and rapid to perform (about three
minutes a sample) and both methods require only
equipment which should be available in any
biochemistry laboratory.

We would like to thank Professor WW Holland for
encouraging us to do the study, Miss D Shah for
assistance with computing, and Mr DR Ellard for
help with the chemical analyses. We are indebted to
Dr Terry and Sister Saku of Philips Electronics and
Dr Biss and Sister Wilkinson of Tate and Lyle
Thameside Refineries for their invaluable help in
setting up the study. We thank Mrs Linda Clarke for
word processing the manuscript and Ms V Norcott
Martin of the department of medical illustration,
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