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bstract

A simple and selective analytical method for the quantitative determination of cyanuric acid, the degradation product of sodium dichloroiso-
yanurate (NaDCC), in human urine is reported herein. The sample preparation involved the use of diatomaceous earth extraction columns.
uantification was achieved by liquid chromatography mass spectrometry using negative ion electrospray with a cyano (CN) column. Between day
elative standard deviation less than 10% (n = 6) was obtained at the 5 mg L−1 level. The assay was linear over the investigated range 0–20 mg L−1

nd the limit of detection (LOD) was confirmed to be 0.1 mg L−1. The method was applied to monitoring levels of cyanuric acid in healthcare
orkers using disinfectants products containing NaDCC.
rown Copyright © 2007 Published by Elsevier B.V. All rights reserved.
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. Introduction

Sodium dichloroisocyanurate (NaDCC) is a chlorinated
erivative of cyanuric acid. NaDCC is widely used as an ingredi-
nt in formulations for scouring powders, household bleaches,
ishwasher compounds, general sanitisers, and for swimming
ool disinfection [1]. In particular, NaDCC as a disinfectant
as advantages when dealing with body fluid spills which can
resent a serious potential hazard to both patients and the staff
ho are responsible for cleaning and disinfecting the area. Tra-
itionally, such spills have been treated with disinfectants such
s hypochlorite solutions. However, hypochlorite is inactivated
y organic material [2] and is therefore ineffective as a disinfec-
ant for spills of body fluids. In contrast, NaDCC has been found
o be more efficient in disinfecting body fluids than hypochlo-
ite and has proven effective against bacteria, fungi and viruses

3]. The relatively recent introduction of NaDCC into commer-
ial disinfectants has meant that the opportunity to gather real
ccupational exposure data has so far not been presented.

∗ Corresponding author.
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When dissolved in water NaDCC rapidly hydrolyses to form
yanuric acid and releases free available chlorine in the form of
ypochlorous acid. The hydrolysis is an equilibrium reaction,
nd at low (mg L−1) concentrations it is dissociated to a large
xtent. Thus, cyanuric acid is the primary substance of toxico-
ogical and environmental interest when monitoring chlorinated
yanurates in humans. Health effects associated with exposure
o NaDCC could include the combined toxicological effects of
hlorine and cyanuric acid. The toxicity of NaDCC and cya-
uric acid have been extensively studied and summarised [4].
lthough cyanuric acid was found to be no more than slightly

oxic, guidelines have been set for tolerable daily intake (TDI)
or NaDCC from treated drinking water at 0–2 mg kg−1 of body
eight per day [5].
Several methods to determine cyanuric acid have been

ecently reviewed [6]. The majority of the methods utilise
eversed phase HPLC, silica columns and phosphate buffers
ith improved variations using these methods reported recently

6–9]. Although the HPLC methods are simple and rapid, they

se spectrophotometric detectors operating at 200 nm where
ther interferences can absorb, especially when dealing with
iological matrices. Alternatively, additional selectivity can be
ained from using mass spectrometry (MS). Cyanuric acid has

. All rights reserved.
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een analysed in urine by MS using a solid probe [10], gas chro-
atography MS [11] and recently by stable association complex

lectrospray mass spectrometry [12]. The objective of this study
as to develop a selective, sensitive and straightforward method

or the trace determination of cyanuric acid in urine and to apply
he method to healthcare workers, to establish the potential risk
f exposure through inhalation, ingestion or dermal absorption
uring normal use of NaDCC solutions.

. Experimental

.1. Chemicals, standard and sample preparation

Cyanuric acid (purity > 98.0%), maleic acid, methanol,
mmonium formate and methyl-tert-butyl ether (MTBE) (ana-
ytical reagent grade) were all purchased from Fisher Scientific
Loughborough, UK).

A stock standard solution of cyanuric acid (1 mg mL−1) was
repared in methanol by sonication at 35 ◦C for 25 min. Working
tandard solutions from the stock solution, containing 100 and
0 mg L−1 of cyanuric acid, were prepared in methanol by serial
ilution for use as spiking solutions. The spiked blank urine
2 mL) used for the calibration curve was prepared at concentra-
ions of 0, 0.5, 1.0, 2.5, 5, 10 and 20 mg L−1. For estimation of
ecovery/quality control (QC), blank urine (2 mL) was spiked at
he 5 mg L−1 of cyanuric acid. An unspiked sample of the same
rine was kept as blank and swimming pool water (2 mL) from
utdoor pools in the UK that use cyanuric acid was analysed for
omparison.

.2. High performace liquid chromatography

The HPLC system comprised of an Agilent Technologies
Palo Alto, CA, USA) 1100 binary series LC pump, equipped
ith a vacuum degasser, and an autosampler. For LC–MS a guard

olumn Genesis C18 2 cm by 4 mm I.D. (4 �m) was used (Jones
hromatography, Hengoed, UK) and the analytical column was
CN (Zorbax®) 250 mm by 4.6 mm I.D. and 7 �m particle size

Agilent Technologies, Palo Alto, CA, USA). The mobile phase
as MeOH:aqueous 1 mM ammonium formate (89:11, v/v) pH
.4. An isocratic separation was used with the column at a flow
ate of 0.3 mL min−1. Sample volume of 1 �L was used for all
C–MS experiments.

.3. Mass spectrometry

The HPLC system was directly connected to an Agilent Tech-
ologies LC/MSD XCT ion trap mass spectrometer, equipped
ith an orthogonal electrospray ion source. Cyanuric acid was
etected in negative electrospray ionisation mode using the fol-
owing parameters: nebulizer pressure 103.4 kPa, drying gas

ow rate 6 L min−1, dry gas temperature 350 ◦C, trap drive
2.2 V, capillary exit −100.6 V, skimmer −40.0 V, scan range
0–1500 amu, dwell time 100 ms and an ICC target of 35000
ounts. Cyanuric acid (MW 129) was determined by monitoring
M − H]− ions at m/z 128.
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.4. Extraction procedure and clean-up

Aliquots of urine and swimming pool water (2 mL), spiked
lank urine for the calibration curve, quality control (QC) and
olunteer urine samples, were transferred into polypropylene
ubes (12 mm × 75 mm). To all the samples (blank, spiked,
olunteer and water) 250 �L of 20 mg mL−1 maleic acid solu-
ion was added. The sample preparation involved the use of
nbuffered diatomaceous earth extraction columns (ChemElut®

003, Varian, Poole, UK). All of the sample contained in the
olypropylene tubes was applied to the cartridge and after urine
ercolation (3.5 min) the analyte was eluted with MTBE (6 mL)
nd after an interval of 3.5 min a further aliquot MTBE (6 mL)
as applied. After 15 min of the second addition of MTBE the
ooled eluent was evaporated to dryness at ambient temperature
nder a gentle stream of nitrogen and reconstituted in 100 �L
f MeOH for LC–MS analysis. Methanol was used to reconsti-
ute the extracts because it showed a better peak shape and an
nhanced separation of cyanuric acid from an interfering matrix
eak compared to reconstitution in mobile phase.

.5. Stability of cyanuric acid in urine

The stability of cyanuric acid in urine was determined by
nalysing spiked urine at 10 mg L−1 in plastic tubes. The tubes
ere kept at ambient temperature (shielded from light), cool

onditions (<4 ◦C) or at temperatures of below −10 ◦C. The
rine extracts were analysed at day 0, 1, 2, 3, 4, 10, 16 and 28.

. Results and discussion

.1. Sample preparation

Initially a liquid:liquid extraction, previously reported by
agnuson et al. [12] was evaluated. Briefly, 1 mL of urine,

H adjusted with sulphuric acid to <6 was shaken/extracted
ith 3 mL MTBE. The extract was evaporated and reconstituted

n methanol. However, the addition of sulphuric acid required
or charge neutralisation of cyanuric acid gave a low ES–MS
esponse compared to a spiked water extract at the same con-
entration (10 mg L−1). Other acids investigated were formic
nd acetic which also resulted in a similar low response. When
iquid-liquid extractions were carried out with no acid, higher
esponses were obtained but repeatability for a set of spiked
olutions of water was poor. Subsequently other organic acids
uch as malonic, maleic and barbuturic were investigated. Of
hese maleic acid (pKa 1.92) was able to adjust 1 mL of urine
o a pH <6 and allowed high recovery of cyanuric acid from
piked water and urine extracts. The recovery of cyanuric acid
as found to be related to the concentration of maleic acid up to
mg mL−1. To improve the detection limit, 2 mL of urine was
djusted with maleic acid and extracted with 6 mL of MTBE
ut the efficiency was only ∼50% and of a similar scale when

0 mL of MTBE was used.

The use of solid phase extraction (SPE) was investi-
ated and initially focussed on carbon columns but they did
ot retain cyanuric acid consistently when applied in urine
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Table 1
Summary of linear regression parameters for calibration curve and limits of
detection for determination of cyanuric acid in urine

Assay’s parameters Values

Dynamic range (mg L−1) 0–20
Correlation coefficient (r) 0.9993
Determinations (n) 6
Slope ± S.E. (mg L−1) 11.61 ± 0.1023
I
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ig. 1. Extracted ion chromatograms (a) urine extract spiked at 5 mg L−1; (b)
rine extract at the lowest calibrated level of 0.5 mg L−1 and (c) blank urine
xtract. Retention time of cyanuric acid is 10.0 min.

atrix and therefore was not pursued further. In contrast
hemElut® cartridges (diatomaceous earth), which allow a
odified liquid–liquid extraction to take place in a SPE car-

ridge format, were employed successfully in recovering nearly
ll of the cyanuric acid with maleic acid and using 12 mL of
TBE as an elution solvent.

.2. Selectivity and method performance

The chromatographic conditions were optimised to give ade-
uate separation of cyanuric acid from an interfering peak, which
emained after clean-up of the urine extract. The interfering peak
as resolved when using a cyano phase column of 250 mm

ength by 4.6 mm id. The cyano column also allowed a lower
imit of detection when compared with C8 and C18 columns of
qual dimensions because of a narrower peak width. A low flow
ate was used for the column I.D. in this study to allow com-
atibility with the ES source, but because of the high organic
ontent of the mobile phase peak widths were comparable to
everse phase strategies. A further reduction in retention time
ould be achieved, not reported in this work, by scaling down
he column length and particle size whilst using the same sta-
ionary phase. Fig. 1 shows the extracted ion chromatograms
or the acquisition method of a spiked extract, lowest calibrated
evel and blank urine showing clear separation from the matrix

nterfering peak.

Table 1 gives a summary of regression parameters for cal-
bration curves, which were linear over the investigated range
–20 mg L−1. Results for blank urine extracts spiked at 5 mg L−1

3

c

able 2
ithin batch- and between batch-assay relative standard deviations and system repro

Cyanuric acid

Within batch
repeatability (n = 10)

(mg L−1) 4.8
D 0.5
SD (%) 10.5
ntercept ± S.E. 1.83 ± 0.0040
OD (mg L−1) 0.1

re shown in Table 2. Overall, the inter- and intra-assay RSDs
re low demonstrating good precision, repeatability and repro-
ucibility of the method. In addition, the mean spiked recovery
alues for inter- and intra-assay are close to the spiked level of
mg L−1.

The LOD, defined as the amount injected which gave a signal
quivalent to three times the baseline noise, was determined
xperimentally at 0.1 mg L−1. This is comparable to the method
f Allen et al. [10], the only previously reported method for
nalysing urine samples from exposed persons by HPLC, when
aking into account equivalent concentration factors. However,
he current method allows a four-fold increase in concentration
2 mL to 100 �L) because matrix factors are not a limitation
nd this results in an overall five-fold improvement in LOD. In
ddition, the method is much more straightforward using only a
ingle extraction procedure compared to the double extraction.

.3. Sample stability

The stability study looked at spiked urine samples (n = 3)
nd a spiked aqueous blank over a period of 28 days at ambi-
nt ∼22 ◦C (in darkness), <4 ◦C (refrigerated) and at ∼−20 ◦C
frozen). At room temperature the cyanuric acid spiked sample
as stable (within the accepted analytical variation of 9.5%)
ntil day 3; by day 10 it had degraded to about 50% of the
riginal spiked value. The refrigerated sample was still within
he accepted analytical variation by day 16 although showing
degrading trend. The stability of cyanuric acid in urine under

rozen conditions was not affected for 28 days. A contribution
rom the other matrix components of the urine is likely in the
egradation of cyanuric acid.
.4. Application

The method was applied to the analysis of urine samples
ollected from healthcare workers using NaDCC based disin-

ducibility

Between batch
reproducibility (n = 6)

Overall system
reproducibility (n = 60)

5.3 5.3
0.3 0.5
6.0 9.5
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ig. 2. Exposure data for post- and pre-shift collection of urine for five healthcare
orkers using NaDCC disinfectant solutions at 1000 mg L−1.

ectant products. Samples were taken pre- and post-shift where
orkers were using disinfectant solutions of a concentration of

pproximately 1000 mg L−1. Of the workers, only one person
repared the solutions (by adding powder to a bucket of water)
hilst all healthcare workers participated in using the solution

o disinfect the hospital beds and surrounding areas. To provide
comparison, samples collected from volunteers not known to
e exposed to NaDCC, cyanuric acid or swimming pool water
ere also analysed. Fig. 2 shows that generally healthcare work-

rs are only exposed to a small amount of cyanuric acid when
pplying the NaDCC disinfection product. Of the volunteers 1
nd 5 prepared the solutions and the results show that partic-
pation in the preparation of the solution does not necessarily
ead to exposure. On the other hand, volunteers 3 and 4 were
bserved to undertake cleaning tasks above their heads, which
ould result in possible ingestion of the solution or run-off down
he arms. The same volunteers also showed small levels in their
rine prior to the disinfection routine, which might be due to pre-
ious exposure to cyanuric acid as this was a routine that they
erformed every day. Overall the results show minimal exposure
o healthcare workers using 1000 mg L−1 NaDCC solutions. In
omparison a previous study showed cyanuric acid exposure lev-
ls up to 8.8 mg L−1 from swimmers in swimming pool water for
h [10]. The samples from volunteers not associated with any

xposure did not show any levels of cyanuric acid. Three sam-
les of swimming pool water contained 16, 9 and 34 mg L−1 of
yanuric acid, respectively (sample diluted to bring them into
he calibration range) and the results show levels that are similar

[

[
[
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o those reported by other authors analysing cyanuric acid in
wimming pool water [6,7].

. Conclusion

The results of the experiments show that the LC–MS method
s capable of providing a rapid, selective and reproducible deter-

ination of cyanuric acid in urine and water. The assay is
ensitive enough to detect low concentrations needed when
onsidering monitoring people who are at risk of occupational
xposure. In addition, the assay can be used to determine cya-
uric acid in swimming pool water and in urine obtained from
wimmers.
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