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MANAGEMENT PERSPECTIVE

This is a summary report for the 1987 FICP Interlaboratory
Study on the analysis of chlorophenols in natural waters. Fifty-six
laboratories in the FICP Water and Soils sub-programs were contacted

‘concerning the above study, twenty-three of them agreed to partfcia

pate, but only ten laboratories provided results.

‘This study illustrates well the wide variety of methods
currently being used for the analysis of chlorophenols in water.
Despite the extensive range in the submitted résu1ts, the interlabora-
tory medians for the higher chlorophenols were, with few éxceptions,
in good agreement with their design values. However, the erratic
results submitted for phenol and the two monochlorophenols confirm our
previous experience that one should interpret the data for these
compounds with caution.

Dr. J. Lawrence
Director ‘
Research and Applications Branch



PERSPECTIVES DE GESTION

Voicli un rapport sommaire concernant 1 étude
interlaboratoires de 1987 du CF1P portant sur 1’ analyse des
chlorophénols dans les eaux naturelles. AU sujet de cette étude,
on a communigqué avec cinguante-six laboratoires dans le cadre des
sous-programmes du CFIP pour l’eau et les sols:; vingt-trois ont
accepté d’y participer, mais seulement dix ont fourni des
résultats.

Cette étude illustre bien la grande variété de méthodes
actuellement utilisées pour 1 analyse des chlorophénols dans
1’eau. En dépit de la grande variabilité des résultats présenteés,
les médianes interlaboratoires pour les chlorophénols supérieurs
etaient, & de rares exceptions pres, en bonné corrélation avec
leurs valeurs nominales. Cependant, les résultats aberrants
obtenus pour le phénol =t les deux monochorophénols confirment
nos constatations antérieures, a savolr gu’il faut interpréter
avec grande prudence les données relatives a ces composeés.

J. Lawrence, Ph.D.
Directeur
*irection de la recherche et des applications



ABSTRACT

An interlaboratory study for the analysis of chlorophenols
in natural waters was conducted for the Federal Interdepartmental
Committee on Pesticides (FICP) Check Sample Program. Participants
were requested to analyze for phenol and eight chlorinated phenols in
five test samples. The results of the study indicated that most
laboratories have the capability of performing sensitive and
isomer-specific analysis for chlorophenols in water. Comparable and
satisfactory results were generated for pentachlorophenol and the
higher chlorinated phenols. In the analysis of phenol and the two
monochlorophenols, however, the data for the "standard" solutions were
considerably better than those for the water samples. Thus, it was
believed that the extraction procedures and not the derivatization and
analysis were most likely to be the major sources of error for these

compounds in this study. The intralaboratory precision (or in-house

reproducibi]ity) for the majority of participating laboratories was
very good. However, the interlaboratory precision (or between-lab
repeatability) for the same compound was extremely poor. This would
suggest that there could be a need for more accurate analytical
standard solutions as well as external reference solutions to which
they can be compared in order to monitor their accuracy over time.
Lastly, this study also indicated that at least one laboratory could
benefit from more stringent in-house quality control.
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RESUME

Une étude interlaboratoires portant sur l’analyse des
chlorophénols dans les eaux naturelles a été effectuée dans le
cadre du Programme d’échantillons de cofitrdle du CFIP (Comité
fédéral interministériel sur les pesticides). On a demandé aux
participants d’analyser cing échantillons pour le phénol et huit
phénols chlorés. Les résultats de 1’étude ont montre que la
plupart des laboratoires étaient capables d’effectuer des
analyses sensibles et spécifiques pour les isomeres, des
chlorophénols dans 1’eau. Des résultats comparables tout & fait
satisfaisants ont été obtenus pour le pentachlorophénol et les
phénols chlorés supérieurs. Par contre, dans l’analyse du phénol
et des deux monochlorophénols, les résultats pour les solutions
"titrées" étaient nettement meilleurs gque ceux correspondant aux
échantillons d’eau. On pense dohc que ce sont les méthodes
d’extraction, et non 1a dérivatisation ou 1l analyse, gui
constituaient probablement les principales sources d'erreur lors
de l1’étude. La précision intra-laboratoire (ou reproductibilite
maison) était trés bonne pour la majeure partie des laboratoires
participants. Mais. la précision interlaboratoires (ou
répétabiliteé d’un laboratoire a8 l'autre) pour le méme composé se
révélait trés médiocre. Il est donc possible qu’il faille
utiliser des solutions analytiques titrées plus précises ainsi
gue des solutions externes de référence auxguelles elles
pourraient 8tre comparées, si on veut connalitre la précision en

fonction du temps. Enfin, 1 étude a montré gu’un laboratoire au

moins auralt intérét 3 mettre en oceuvre un contrdle de qgualite
maisoh plus strict.



_ SUMMARY FICP REPORT
Interlaboratory Study on the Analysis of Chlorophenols
in Natural Waters
by
Yvonne D. Stokker and A.S.Y. Chau

Introduction

The following is a sﬁmmary of the above study which is now
closed. :
In April, 1987, 54 participants in the Water and Soils sub-
programs of the FICP Check Sample Program were invited to participate
in a round robin study on the analysis of chlorophenols in water. In
early June, 21 sets of samples were sent to those who had indicated an
interest in participating. A few months 1ater two additional labora-
tories were sent samples in response to their telephone requésts to
join both this study and the FICP Water subprogram. For the 23 sets
of samples sent out, only ten sets of results were provided. A list of
the participating laboratories is given in Table 1.

- Study Design

The participants in this study were requested to ana1yze»for
phenol and eight chlorinated phenols in five test samples. More
specifically, the nine parameters of interest were: phenol,
2-chlorophenol, 4-chioro-3=methylphenol, 2,4-dichlorophenol, 2,4,5-
and 2,4,6-trichlorophenol, 2,3,4,5- and 2,3,5,6-tetrachlorophenol, and
pentach10rophen01. These particular compounds were selected because
they have been found and are of concern in real test samples.
Furthermore, the results of surveys conducted in 1986 and 1987
revealed that these are the chlorophenols most commonly analyzed by

the FICP laboratories.
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The sample set was comprised of three 1.0 L Lake Ontario
water samples and five sealed glass ampules, each containing different
mixtures of the nine phenols in toluene. 1.00 mL aliquots of Ampules
1,2 and 3 were to be spiked respectively into the three water samples
provided. These samples had previously been shown to be clean of the
phenols under study. The resultant chlorophenol concentrations in the

water samples are listed as the "Design Values" on the data summaries
in Tables 3 to 5. Following fortification, each sample was to be
extracted us1ng the laboratory's own routine method of analysis.
Ampules 4 and 5 were to be treated as "“standards", either as

injection-ready samples or derivatized as needed before subsequent

analysis. The part1c1pants were requested to determine the

concentrations of the phenols using their own in-house standards and

calibration procedures. All five samples were designed so as to

contain the same level of 2,4,6-trichlorophenol in order to monitor

each participant% intralaboratory precision of analysis.

Methodologies

The analytical procedures used by the participants in this
study .are presented in Table 2. A wide variety of techniques were
used for the extraction of the phenols as well as in their analytical

measurement.
The most commonly used method of extraction was by means of
dichloromethane after acidification of the water samples. Two

Jaboratories pre-washed the samples with solvent under alkaline
conditions prior to the dichloromethane extraction and one participant
used ethyl ether as the extracting »so]vent Only one laboratory
acetylated the phenols in situ before extracting the resultant acetate
derivatives with dichloromethane.

Five of the ten participants in this study derivatized the
phenols with diazomethane to yield the corresponding chloroanisoles.
Two of these laboratories cleaned the extract by means of a Florisil
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column, one used concentrated sulfuric acid and mercury to remove
interferences, and the two remaining laboratories analyzed the
methylated extract directly without further cleanup. Each of these
five participants used GC-ECD for quantitation and one used, in
addition, GC-FID for analysis of the parent = phenols in an

underivatized portion of the extract.
Two laboratories derivatized the phenols with acetic

anhydr1de, then analzyed the resultant phenol acetates by GC-MSD. Lab
F40a used an in situ acetylation procedure with no sample cleanup
while Lab F33 had a much lengthier method involving extraction of the
parent phenols into dichloromethane, back-extraction into 2% potassium
carbonate, acetylation while simultaneously extracting into petroleum
ether, followed by a Silica Gel column cleanup step.

The final three participants in this study extracted the
phenols from the acidified water samples, and without any
derivatization or cleanup, analyzed for them by GC/MS or GC-MSD.

Results and Discussion

A1l sample results reported by the participants are listed
in Tables 3 to 7. No laboratory provided individual results for all
nine phenols although most analyzed for at least five of the
parameters of interest. Possible reasons for the missing results
could be that the compounds were not analyzed routinely or that the
standards were not available.  OQutliers were not rejected when
calculating the interlaboratory medians because for some of the
chlorophenols; only two or three results were provided.

The data for 2,4- d1ch1orophen01 the two tetrachlorophenoIs
and for pentachlorophenol were quite satisfactory as illustrated by
the general agreement of the interlaboratory medians for these
parameters with their corresponding design values. Moreover, the
comparability of the laboratories with their different methodo]ogles



|

-4 -

was also good, as the lowest and highest results reported, rarely
exceeded a factor of two from the design values.

Participants were generally much less accurate in their
analyses for phenol and the two monochlorophenols than for the more
chlorinated phenols. Many of these results were considerably lower
than their design values and the ranges for these parameters were
quite broad. Losses of these phenols due to improper sample preserva-
tion or to suspect storage conditions were avoided by providing the
participants with blank water samples and the spiking solutions with
which to fortify them. Since the data for the “"standard" solutions in
Ampules 4 and 5 were considerably better than for the three water
samples, it was believed that the extraction procedures and not the
derivatization and analysis were most likely to be the major sources
of error. Furthermore, some laboratories reported low % recovery
resu1ts for known levels of these phenols in spiked samples extracted
and analyzed alongside the FICP water samples.  The data provided by
at least three of the participants had not been corrected for low
extractibn recoveries. However, it is not known whether the remaining
participants used a correction factor or even if they had assessed
their % recovery of any of the phenols from the water samples.

On a more positive note, the in-house precision for the
analysis of 2,4,6-trichlorophenol, which had been fortified to the
same concentration level in each of the water samples, was very good.
As seen in Table 8, +he intralaboratory precision of analysis for
each participant was better than +15% (except for Lab F58 who produced
very erratic results for this compound). It should be nofed,‘however,
that the interlaboratory precision for this same compound in each of
the three water samples and in Ampules 4 and 5 was more than 150%.
The individual results reported for 2,4,6atrichlofopheno1 had a range
larger than a factor of 15 in each of the three water samples. It
seems appafént then, that while sample results were reproducible
within most laboratories, the between-1ab repeatability was poor. A
possible reason for this problem could be the use of old analytical
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standards. A good correctidn measure would be better in-house quality

control and verification of extraction recoveries with external

reference standards and spike solutions.

Conclusion

In conclusion, the results of this study indicate that most
laboratories, while using widely differing analytical methodologies,
have the capability of performing sensitive and isomer-specific
analysis for chlorophenols in water. They generated comparable and
satisfactory results for pentachlorophenol and the selected higher
chlorinated phenols, but were more erratic in their analyses of phenol
and the two monochlorophenols under study. The reproducible results
for the analysis of jdentical levels of 2,4,6-trich1oropheno1 in each
of the water samples indicates that the in-house precision of most
laboratories was excellent. However, the wide range of results and
very poor interlaboratory precision of analysis for this phenol in
these samples suggests a need for more accurate analytical standard
solutions as well as external reference solutions to which they can be
compared in order to monitor their accuracy over time. Lastly, this
study also indicated that at least one laboratory could benefit from

more stringent in-house guality control.
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FICP INTERLABORATORY QC STUDY
ON '
" THE ANALYSIS OF CHLOROPHENOLS IN WATER

Table 1. List of Participating Laboratories

Environment Canada
National Water Quality Laboratory

Burlington; Ontario

Environment Canada
c&P (EPS) Laboratory Services
West Vancouver, BC

Alberta Agriculture
Food Lab. Services Branch
Edmonton, Alberta

Aiberta Environmental Centre
Pesticide Analysis and Research Section

Vegreville, Alberta

Manitoba Environment and Workplace Safety and Health
Technical Service Laboratory
Winnipeg, Manitoba

Ontario Ministry of the Environment
Drinking Water Organics Section
Rexdale, Ontario

Ontario Ministry of the Environment
Pesticide Laboratory
Rexdale, Ontario

Enviro-test Laboratories
Edmonton, Alberta

Novalab Ltée
Lachine, P.Q.
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