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MAHAGEHNT PERSPECTIVE 

In response to the requests _generated by Water Quality 

National Laboratory and Water Quality Branch, Pacific and Yukon 

Region, methods for the determination of 21 chloroanisoles in water 

and sediment samples were developed. These methods can be used to 

study the pathway and degradation of chlorophenols and the potential 

environmental hazard of chloroanisoles in areas such as the Fraser 
~

\ 
I 
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River, British Columbia, where chlorophenols are in heavy use. 

Because the procedures for chloroanisoles are similar to those used 

for chlorinated insecticides, there is a potential to combine the 

methods to improve cost—effectiveness. This work was undertaken as 

part of the Analytical Chemistry Research Project of the Research and 

Applications Branch, National Water Research Institute.
I 

Dr. J. Lawrence 
Director, Research and Applications Branch 
National Water Research Institute



PERSPECTIVES DE _'GES'PION 

" En réponse 5 la demande du Laboratoire national 
d'analyses de la qualité de l'eau et de la Direction de 
la qualité des eaux, Région du Pacifique et du Yukon, on a 
mis au point des méthodes pour 1e dosage de 21 chloroanisoles 
dans des échantillons d'eau et de sédiments. Ces méthodes 
peuvent servir 5 étudier la migration et la degradation des 
chlorophénols, ainsi que le danger potentiel pour 
l'environnement des chloroanisoles, dans des régions comme 
celle du fleuve Fraser, en Colombie-Britannique, ofi les 
chlorophénols sent largefient utilises. étant donné que 
les méthodes pour les chloroanisoles sont semblables 5 
celles utiliséee pour les insecticides chlorés, il est 
possible de combiner les méthodes pour améliorer Le 
rendement et diminuer le’cofit. Ce travail a été entrepris 
dans le cadre du Projet de recherche er chimie analytique 
de la Direction de la recherche et des applications," 
Institut national de la recherche sur les eaux.



' ABSTRACT 

A simple and sensitive method for the determination of 19 

chloroanisoles and two chloromethylanisoles was developed. for water 

and another one for sediment samples. Water saples were extracted by 

dichloromethane ad sediments by a mixture of hexane and acetone in a 

Soxhlet apparatus. The extracts were concentrated down using a Snyder 

column and were then cleaned up on an activated Florisil column. The 

anisoles were separated by either an 0V-1 or a SPB—5 capillary column 

and were detected by an electron—capture or a mass selective detector. 

Recovery of chloroanisoles in fortified water and sediment sampeles 

was mostly between 70 and 85%. The method detection limits were 

0.02 ug/L and 0.002 pg/g for mono— and di—chloroaniso1es and 

0.002 ug/L and better than 0.001 ug/g for tri—, tetra—, and 

penta*chloroanisoles. The electron—impact mass spectra of all chloro- 

anisoles exhibited intense peaks for the molecular ions (M*'), as 

well as (M—43)* and either (M—15)* or (M-30)* fragments. These masses 

were used as characteristic ions for quantitative and confirmation 

purposes. e
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I / RESUME 

1 V 

A Une méthode simp1e_et sensible pour le dosage de 
19 chloroanisoles et de 2 chlorométhylanisoles a été miseau 
point pour 1'eau, et une autre pour les échantillons de

_ 

sédiments. Les échantillons d‘eau ont été soumis 5 une 
extraction par le dichlorométhane, et ceux de sédiments par 
un mélanqe d'hexane et d'acétone dans un appareil Soxhlet. 
Les produits d'extraction ont été concentrés dans une 
colonne Snyder, puis fractionnés sur une colonne de Florisil 
activé. Les anisoles ont été séparés sur une colonne 
capillaire SPB-5 ou sur"OV—l, la détection se faisant par 
capture d'électrons ou par détection sélective de masse. 
La récupération de chloroanisoles dans des écnantillons de 
sédiments et d‘eau dopes 0 se situait généralement entre 
70 et 85 %. Les limites de détection de_la méthode se 
situaient E 0.02 pg/L et 0.002 pg/g pour les mono- et les 
di-chloroanisoles, et 5 0.002 ug/L et 0.001 pg/g ou mieux pour les 
tri-, tétra-, et penta-cnloroanisoles. Les spectres de masse 
avec choc d‘é1ectrons, pour tons les chloroanisoles, présentaient 
des pics prononcés pour les ions moléculaires (M*), ainsi que 
pour les fragments M—43, ainsi que M-15 ou M—30. Ces masses 
ont servi comme ions caractéristiques oour les dosages 
quantitatifs et les analyses de confirmation. ’
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INTRODUCTION 

Chloroanisoles are methyl ethers of chlorophenols. In 1966, 

a musty taint and offrflavour in chicken eggs and broiler meat were 

attributed to the presence of chloroanisoles in litter shavings in 

broiler houses (1). Although anisoles are easily prepared, in a 

laboratory by the mmthylation of chlorophenols, some fungal species 

were able to methylate residual chlorophenols in wood shavings into 

chloroanisoles (2). It has also been reported that pentachlorophenol 

can be metabolized in soil under aerobic and anaerobic conditions to 

give pentachloroanisole and some tetra- and tri—chloroanisoles (3). 

Determinations of a few selected chloroanisoles in environmental 

saples such as air (4), soil (5), and fish (5,6) have been reported. 

In order to study the pathway and degradation of chlorophen— 

ols as well as the bioaccumulation and potential environmental hazard 

of chloroanisoles in the Fraser River (British Columbia, Canada) and 

other areas where chlorophenols are in heavy and constant use by the 

wood preserving industries, a routine and comprehensive method for the 

determination and confirmation of various chloroanisoles is required. 

In this paper, a simple, sensitive and isomer-specific method for the 

analysis of 21 chloroanisoles (Table 1) using capillary colun
\ 

GC-electron capture and GC-mass selective detection is developed for 

water and sediment samples.

v
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EDERIHERTAL 

Apparatufi '

_ 

(a) 

(b) 

Gas chromatography - Hewlett Packard Model 5880A GC equipped- with 

Ni“ electron-capture detector, Model 7671A "auto-sampler. Level 

4 terminal, and split-splitlessp capillary column injection port. 

Column: 25 m x 0.2 mm i.d. fused silicacapilllaryg column coated 

with 0V--1, 0.11 pm film thickness (Hewlett-Packard part no. 

l909lZ Option 002). Operating temperatures (°C): injection port 

200°, detector 300°, column oven initial 70°, hold 0.5 min, 

Aprogramming .rate 1, 30°/min (70° to 90°), programming rate 2, 

2.5°/min (90° to 170°), hold 10 min at 170°. Splitless valve on 

for 0.5 min. Carrier gas, helium. Linear velocity at 170°, 25 

cm/sec. Detector make-up gas, argon/methane 95 + 5 at 25 m‘L/min. 

Gas chromatography — mass spectrometry. Hewlett-Packard Model 

5880A GC equipped with a Model 5970B mass. selective detector 

(MSD), series 300 computer, 91331-I disc drive, a split-splitless 

injection port, Level 2 terminal and a Model 7671A autosampler. 

A 30 ‘m x 0.25 mm i.d. SPB—5 fused silica capillary column 

(Supelco Ltd.) was directly interfaced to the electron-impact ion 

source. Electron energy 70 eV. Operating temperatures (°C), 

injection port 250°, interface 280°, column oven, same as (a) 

above. Splitless valve on for 0.5 min. Carrier gas, helium at 4 

psi. ’
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Reagents 

(a) Chlorophenols — see ref. 7. 

(b) Diazomethane -' Generated by a Diazald Kit (Aldrich Chem. Co.) 

using Diazald, Use the ethereal diazomethane solution 

immediately for the methylation of chlorophenols. 

Caution: diazomethane is highly toxic, carcinogenic and 

explosive. Prepare and handle in a high flow fume hood only. 

(c) Chloroanisoles — Prepare a mixture of the chlorophenols in 

methanol with a concentration of 50 pg/mL for each phenol. 

Pipette 1 mL of this solution into a 15 mL centrifuge tube and 

add, dropwise, the diazomethane solution with occasional shaking 

of the tube until the yellow colour persists for 30 min. Then, 

heat tube in a water bath of 50°C until diazomethane is removed 

(yellow color disappears). Add 4 mL distilled water to tube and 

extract organics by shaking with 3 x 2 mu. hexane. Dry the 

combined hexane layer through a 5 cm anhydrous sodium sulfate 

column in a disposable Pasteur pipette. Collect the eluate with 

several 1 mL hexane rinsings in a graduated tube and adjust 

~ volue to 5.0 mL. Use this solution to prepare spiking solutions 

in the following recovery studies. 

Fortification of Samples 

Spike 100 pL of chloroanisole mixture in acetone at 

appropriate concentrations to l 1. of water. Mix well and extract
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immediately. Spike 1 mL of chloroanisole mixture in acetone at 

appropriate concentrations evenly to 10 g sediment (dry weight basis), 

mix well and stand fo_ 30 min before extraction. 

Extraction 

(a) Water: 

Adjust water sample (1 L) collected in 40 oz. or similar 

size long—neck whiskey bottle, to pH 6 if required. Stir sample with 

50 mL dichloromeathane with a magnetic bar vigorously for 30 min. 

Transfer sample to a 1 L separatory funnel. After phases separate, 

drain the organic layer to a 500 mL round bottom flask and transfer 

the aqueous layer back to the original sample bottle. Repeat the 

extraction twice. Discard water sample after the last extraction. 

Partition the extract twice with 50 aliquots of 1% K2603 for one 

minute each, and discard the base. Filter‘ the combined organic 

extract through anhydrous sodium sulfate. E_va'porate extract down to 

about 20 mL with a three-stage Snyder column and a heating mantle. 

After cooling, add 50 mL petroleum ether (30-60°C), 3 mL iso—octane 

and repeat evaporation until volume is about 5 mL. 

(b) Sed iment: 

Place sediment sample (10 g, dry weight basis) on top of 

5 cm of Celite 545 i_n a 45 i.d. glass thimble with a coarse f-rit.
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Put thimble in a Soxhlet extractor and extract with 300 mL of 59 + 41 

(v/v) acetone/hexane for 5 hr at a rate of 10 to 12 cycles per hour. 

After extraction, evaporate extract down to about 50 mL with a Snyder 

column. Transfer extract to a S00 mL separatory funnel, add 20 mL 2% 

KHC03 solution and‘ shake for one minute. After 1§Y€rs separate, 

transfer aqueous layer to the original container and organic layer to 

a 5 cm anhydrous sodium sulfate column in an Allihn filtering tube. 

Extract the aqueous layer twice for one minute each with 25 mL 

aliquots of petroleum ether in the above separatory funnel. Transfer 

organic layers to the sodium sulfate colun and collect »the dry 

extracts in a 250 mL round bottom flask. Add 3 mL iso¥octane and 

evaporate extract until volume is reduced to about 5 mL. 

Column Cleanup 

Fill a fritted 400 mm x 10 mm i.d. glass colum with 5.00 g 

of activated Florisil, then with 5 mm anhydrous sodium sulfate at top. 

Pre-wash column with 25 mL petroleum ether. Quantitatively transfer 

the sample extract with two 1 E. rinsings of petroleum ether "to 

column. Elute column with another 30 mL petroleum ether and discard 

this fraction. Continue elution of column with 80 mL of 20 + 80 

dichloromethane/petroleu ether and collect this fraction. After 

addition of 3 mL iso-octane, evaporaterthis fraction down to about 

5 mL using a 3-stage Snyder column. Transfer sample extract to a



-6- 

graduated test tube and further reduce the volume to 1.0 mL using a 

gentle stream of nitrogen. - 

GC-ECD and GC—MSD Analysis of Chloroanisoles 

For ECD analyses, inject 2 pL of the sample in the splitless 

mode and quantitate by the external standard method. ~ 

Obtain abundance data" of the major fragments for 

chloroanisoles by scanning the MBD from m/z 50 to 300 at a rate of 

1.71 scans per second and a scan threshold of 1000. For quantitative 

analysis in the selected ion monitoring mode, monitor the molecular 

ions of chloroanisoles as shown in Table 2 and set dwell time to 100 

msec for each ion. To maximize sensitivity, divide the chloroanisoles 

into the following retention time windows so that no more than two 

ions are monitored at a time, The windows are: (1) 5.0 to 7.0 min, 

monochloroanisoles, (2) 7.0 to 8.8 min, di— and chloromethyl- 

anisoles, (3) 8.8 to 11.5 min, di— and tri- chloroanisoles, (4) 11.5 

to 15.7 min, trichloroanisoles, (5) 15.7 to 21.0 min, tetrachloro— 

anisoles and (6) 21.0 to 24.0 min, pentachloroanisole. Spike 200 ng 

naphthalene—d8 into each extract and use it as internal standard to 

calibrate ‘MSD responses between runs. For compound confirmation, 

monitor the corresponding M*', (M-15)* and (M-30)+ ions in each 

window. A compound is tentatively identified if the relative 

intensities of the above characteristic ions fall within~t2OZ of the 

relative intensities of the same masses in a reference spectru.

0
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RESULTS AND DISCUSSION 

Small quantities of chloroanisoles ‘can be conveniently 

prepared in the laboratory by the methylation of the corresponding 

chlorophenols using either diazomethane (5) or dimethyl sulfate (8). 

Caution: dimethyl sulfate is a suspected carcinogen.. In our case, 

the mixture of 21 chloroanisoles was synthesized by the diazomethane 

methylation of the chlorophenols. At 100 to 1000 pg levels, the 

yields of chloroanisoles were between 65 and 75% with an average of 72 

i 3%. The yeilds were determined by quantitation against the 

following commercial standards: 2-, 3-, and 4- chloroanisoles, 

2,6—, 3,5—, and 2,3- dichloroanisoles as well as 2,4,6—, 2,3,6-, and 

2,3,4— trichloroanisoles. 

The GLC separation of all 19 chloroanisoles on capillary 

coluns coated with various stationary phases including SE-30, OV—351, 

0V—l0l, SE—54, and_C87H175 a non-polar, long—chain hydrocarbon phase 

of the structure 24,24~diethyl-19,29-dioctadecylheptatetracontane, has 

been studied in detail (9,10). In nearly all“ cases, the 

chloroanisoles most difficult to separate were the isomeric pair of 

2,3,5,6- and 2,3,4,6— tetrachloroanisoles. So far in the literature, 

the only column which was able to give baseline resolution of these 

two compounds was the one with C87H17é hydrocarbon phase (10). In
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this work, the chloroanisoles were chromatographed on an OV-1 and on a 

SPB—5 column. In both cases, the order of elution for chloroanisoles 

was identical and the retention times for each anisole on each column 

were tabulated in Table 1. As shown in Figure 1, only partial 

separation of the above two tetrachloroanisoles was achieved. 

Therefore, for these two compounds the total area was used to 

calculate the combined recovery in the fortified samples. Also 

included in this work were the methyl ethers of 

2—chloro—5-methylphenol and 4—chloro—3—methylphenol. These two 

anisoles were separated from the other chloroanisoles on both OV-1 and 

SPB-5 columns and were eluted between 2,6- and 3,5-dichloroanisoles 

(Figure 1 and Table 1). 

Because ‘of low electron—capture sensitivies of the 

monochloroanisoles, they were not detected when ppb solutions of these 

compounds were analyzed by an electron-capture detector (ECD). At 

similar levels, the dichloroanisoles were detected by the ECD, yet 

their response factors were about ten times lower than those of the 

trichloroanisoles and about 30 to 60 times lower than that of 

pentachloroanisole (PCA), which was most sensitive to the ECD (see 

Figure 2). The electron-capture response factors, relative to PCA and 

uncorrected for yields, for all chloroanisoles are listed in Table 1. 

An injection of 1 pg of PCA onto a OV-1 column using the conditions 

described above produced a peak with a signal to noise ratio of 8. 

The electron—impact (El) mass spectra of the chloroanisoles 

were obtained by a mass selective detector (Table 2). For nearly all
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chloroanisoles, the fol.lowing characteristic ions were obtained: (1) 

the molecular ion, Ml”, (2) the m/z ='M-15 fragment, resulted from 

the elimination of ea methyl group from the molecular ion, (3) the m/z 

= M-30 ion, resulted from the elimination of a CH20 group from the 

molecular ion, and (4) the m/z = M543 fragment, resulted from the 

elimination of a CO group from the m/z = M-15 fragment. In addition, 

the chlorine isotopic pattern expected from the number of chlorine 

atoms present in the molecule was also observed in the above 

characterist.ic ions. The molecular ions of all chloroanisoles were 

very intense, and they were the base peaks for 18 out of the 21 

chloroanisoles (Table 2). For those anisoles without any chlorine 

substitutions at the 3-_ and/or 5—posit.ions, the (H-l5')* fragments were 

also intense. On the other hand, the (M-30)"' fragmentswere usually 

weak for the chloroanisoles except for those with chlorine 

substitutions at the 3- and/or 5-positions. The (M-30l)"’ ions were not 

detected in the‘ case of i2,l+,6,—trichloroanisole, 2,3,5,6- and 

2,3,4,6-tetrachloroanisoles, and PC*A.- ‘The (M_-43)"" fragments were 

detected for all chloroanisoles and were relatively strong as 18 out 

of the 21 chloroanisoles had (M-43)* ions 50% or more as abundant as 

their base peaks. 

If quantitative analysis of chloroanisoles is to be. done by 

a mass selective detector, then selected ion monitoring (SIM) and 

integration of ‘the molecular ions should be done since the 14+" 

ions are both intense and characteristic. The MSD response factors 

for all chloroanisoles based on M"" and relative to that of PCA
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are roughly within a factor of two (Table 1). By operating the MSD in 

the SIM mode and monitoring the molecular ion, the amount of PCA 

required to produce a signal to noise ratio of 3 is ca 30 pg. Thus, 

in addition to the confirmation of compound identity, the MSD is used 

as a complement to the ECD for the quantitative analysis of mono— and 

di—ch1oroanisoles, of which the more selective MSD has similar or 

higher sensitivity. 

Chloroanisoles are relatively volatile compounds. As pre- 

viously reported (ll), chloroanisoles are susceptible to evaporative 

losses during solvent replacement steps. When a petroleum ether or 

dichloromethane solution of chloroanisoles at less than 1 pg each was 

evaporated down to about 3 to 5 mL at 40°C using a rotary evaporator 

under simulated extraction/cleanup conditions, only 65 to 752 of the 

chloroanisoles were recovered even in the presence of iso—octane as a 

keeper. However, about 75 to 85% of chloroanisoles were recovered 

when the same solution was evaporated down 'using a Snyder column. 

Therefore, the latter evaporative technique is recommended for 

chloroanisole analyses. _ When further evaporation to l mL was 

required, a gentle strea of nitrogen was used. 

Solvent extraction of chloroanisoles from a 1 L water sample 

was effectively done by stirring with dichloromethane. For sediment 

samples, a Soxhlet extraction using a mixture of 59 -F 41 acetonel 

hexane was performed. If acidic coextractives such as chlorophenols 

were present in the sample extracts, they could be easily removed by a 

base partitioning step as described in the experiment. After
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replacing the extracting solvent with hexane, water and sediment 

extracts were cleaned up on an activated Florisil colun. If chloro- 

benzenes, PCBs, p,p'-DDE and mirex were also present in the sample, 

they were eluted in the hexane fraction in the Florisil cleanup and 

were separated from the chloroanisoles. Depending on the activity of 

the Florisil used, some slight adjustment in the» total amount of 

hexane used (about 35 ml) would be required. When an excess of hexane 

was used, a portion. of 3,5-dichloroanisole was also eluted in this 

fraction. The other co-eluted chlorinated insecticides such as the 

BHC isomers in the chloroanisole fraction did not cause any 

cross-interference if a high resolution fused silica capillary column 

and a suitable temperature program was used in the GC analysis. A 

post-analysis heating of the GC column at 260°C for 20- min. also 

helped eliminate interference from sample coextractives. 

Recoveries of chloroanisoles from fortified water and 

sediment samples were listed in Table 3. The recoveries of tri‘, 

tetraf, and penta- chloroanisoles were determined by ECD and those for 

mono- and di- chloroanisoles were done by MSD. As shown in Table 3, 

the recoveries of most chloroanisoles were between 70 and 85% and the 

major cause for this less than quantitative recovery can be attributed 

to the losses in the evaporative concentration steps. Because of the 

lack of detector sensitivity, recoveries for the mono- and di- 

chloroanisoles could not be determined at the 0.01 pg/L level. Based 

on a l L sample and a 1.0 mL final volume of the extract, the method 

detection limit (12) for the analysis of tri—, tetra- and penta-
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chloroanisoles in water was estimated to be about 0.002 pg/L and that 

for mono- and di— chloroanisoles was 0.02 pg/L. Similarly, for a 10 g 

sediment sample and a final volume of 1.0 mL, the method detection 

limit is 0,002 pg/g for the mono- and di- chloroanisoles and better 

than 0.001 pg/g for the higher chlorinated anisoles. Typical 

chromatograms of sample extracts after cleanup are given in Figure 3 

(water) and Figures 4 and 5 (sediment). , 

In sumary, a simple and isomer—specific method for the 

analysis of 21 chloroanisoles in were: and sediment samples has been 

developed. The detection limits, precision and accuracy of the 

proposed method appear to be adequate for ~environmental samples. 

Confirmation of compound identities is provided by GC-MS using a mass 

selective detector.
A
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List or ncunns 

EI-GC—MSD total ion lcurrent chromatogram of 21 

chloroanisoles as resolved by a 30 m SPB—5 column. Refer to 

the nubers in Table 1 for peak identification. " 

GC—ECD chromatogram of a. mixed chloroanisole standard as 

resolved by a 30 m 0V*1~column. Refer to the numbers in 

Table 1 for peak identification. 

GC-ECD chromatogram of the extract from a L. Ontario water 

sample previously fortifiiedp to 0.01 pg/L for each 

chloroanisole. 

GC—ECD chromatogram of the extract from a L. Erie sediment 

sample previously fortified to 0.05 pg/g for each 

chloroanisole. 

GC+MSD-SIM chromatogram of the mono-, di-, and chloromethyl— 

anisoles from the sediment extract in Figure 4.
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TABLE 1 

Retention times, in min. and relative response factors for 
21 chloroanisoles 

8 "A V 

No. Anisole 

Retention Time Relative Response Factors 

lov-11 SPB—52 ECD msn“ 

1 3—chloro 
2 4—chloro 
3 2—ch1oro 
4 2,6+dichloro 
5 4-chloro-3*methy1 
6 2-chloro-5—methyl 
7 3,5—dichloro 
8 2,5-dichloro 
9 2,4-dichloro 

10 3,4-dichloro 
11 2,3—dich1oro 
12 2,4,6-trichloro 
13 2,3,6-trichloro 
14 2,4.5*trichloro 
15 2,3,5-trichloro 
16 3,4,5—trich1oro 
17 2,3,4—trich1oro 
18 2,3,5,6—tetrachloro 
19 2,3,4,6—tetrachloro 
20 2,3,4,5—tetrachloro 
21 pentachloro 

1.16 
7.97 
8.22 
10.45 
10.79 
11.29 
12.03 
12.90 
13.24 
13.41 
14.48 
15.12 
16.64 
19.80 
19.99 
20.31 
22.12 
23.24 
23.32 
28.85 
31.71 

5.90 
6.08 
6.36 
7.99 
8,18 
8.59 
9.09 
9.82 
10.02 
10.08 
10.86 
11.03 
12.08 
14.01 
14.13 
14.28 
15.41 
15.85 
15.90 
20.24 
22.83 

(0.1 
(0.1 

i (0.1 
3.5 

(0.1 
(0.1 
1.6 
1.6 
2.1 
1.6 
2.2 
36 
35 
18 

24 
16 
28 

{ 57 

54 
100 

80 
95 
93 
63 
93 
87 
77 

95 

81 
82 
77 
51 

73 
82 
93 
81 

92 

73} 

117 
100 

Obtained by a flame ionization detector 
Obtained by a mass selective detector 
Response factors are relative to PCA (= 

vields ' 

Based on the molecular ion and relative 

100) and uncorrected for 

to PCA (= 100)
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TABLE 2 

- characteristig-ipns and relative abundance
I 

(in parentheses, base peak =_100)*
' 

M+O (M-15)+ (M=30)* (M-43)* 

3-chlono 
4—ch1oro ' 

2—ch1oro 
2,6—dich1oro 
4—ch1oro—3—methy1 
2—ch1oto—5-methyl 
3,5-dichloro 
2,5-dichloro 
2,4-dichloro 
3,4—dichloro 
2,3—dich1oro 
2,4,6—trich1oro 
2,3,6—trich1oto 
2,4,5-tfichloro 
2,3,5-trichloro 
3,4,5-trichloro 
2,3,4—trich1oro 
2,3,5,6Ptetrach1bro 
2,3,4,6-tetrachloro 
2,3,4,5-tetrachloro 
pentachloro 

142(1o0) 
142(1oo) 
142(1oo) 
176(1o0) 
1s6(1oo) 
156(1oo) 
176(1o0) 
176(1oo) 
116(1oo) 
176(1oo) 
176(1oo) 
210(7o) 
210(1o0) 
210(1o0) 
210(1o0) 
210(1o0) 
210(1o0) 
246(1o0). 
246(91) 
246(10o) 
2s0(92) 

127(10) 
127(73) 
127(6s) 
161(88) 
141(51) 
141(3o) 
161(4) 
161(16) 
161(96) 
161(55) 
161(45) 
195(1oo) 
195(7s) 
195(72) 
195(1s) 
19S(29) 
195(95) 
231(74) 
231(100) 
231(66) 
265(100) 

112(14) 
112(7) 
112(7) 
146(2) 
126(3) 
126(2) 
146(71) 
146(5) 
146(2) 
146(1s) 
146(27) 

180)1) 
180(2) 
1s0(26) 
1s0(32) 
180(3) 

216(7) 

99(59) 
99(s2) 
99(74) 
133(s1) 
113(41) 
113(35) 
133(42) 
133(53) 
133(6s) 
1a3(6s) 
133(73) 
167(54) 
167(17) 
161(66) 
167(61) 
161(s2) 
167(71) 
203(77) 
2o3(7s) 
‘203(83) 
237(83) 

* The mdst intense peak of the cluster is used
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1ABLE 3 

Mean geqoveties (Z) of chloroanisoles from fortified water 
and sediment samples 

(Standard deviation in parentheses) 

Water (gs/L) Seéimgnt (gs/2) 
Sample Type Distilled L.0ntario L.Ontario L. Erie L. Erie 
Fortification Level 1.0 0.1 0.01 0.05 0.005 

3 6 6 3 3 No. of replicates 

3—ch1oro 
4-chloro 
2—ch1oro 
2,6-dichloro 
4—ch1oro—3—methy1 
2-chloro-5-methyl 
3,5-dichloro 
2,5—dich1oro 
2,4—dich1oro 
3,4—dich1oro 
2,3-dichloro 
2,4,6—trich1oro 
2,3,6—trich10ro 
2,4,5-trichloro 
2,3,5-trichloro 
3,4,5-trichloro 
2,3,4-trichloro 

73.9(5.3) 
75.2(4.6) 
77.o(3.s) 
ao.6(4.3) 
75.7(s.1) 
72.4(3.9) 
77.0(2.e) 
7s.5(3.1) 
1s.s(3.o) 
14.2(a.1) 
so.1(4.1) 
1s.1(1.5) 
19.o(1.1) 
a4.2(4.2) 
8o.3(4.0) 
7s.1<1.e) 
82.4(Z,5) 

2,3,5,6-tetrachloro V 

{74.0(4.6) 
2,3,4,6—tettach1oro - 

2,3,4,5—tetrach1oro 82.4(3.1) 
pentachloro -85.9(3.2) 

7s.e(4.s) 
'81.2(5.9). 
so.4(s.5) 
so.6(s.e) 
s1.2(4.3) 
82.j(s.o> 
17.s(4.9) 
s2.3(2.3) 
s2;e(a.e) 
ss.2(e.s) 
so.2(4.4) 
72.o(5.7) 
1a.s<4.a> 
78.6(4.7) 
8o.2(a.1) 
79.e(4.1) 
a1.s(4.a) 

73.7(5.5) 

80.9(4.7) 
78.3(4.6) 

70.9(6.5) 
7a.8(7.0) 
74.3(6.3) 
a0.3(5.a) 
77.8(s.2) 
71.3(s.1) 

69.6(6.9) 

72.2(a.7) 
74.1(7.6) 

1o.3(s.1) 
7s.o(5.3) 
73.1(4.0) 
75.o(6.3) 
74.6(7.0) 
74.4<5.4) 
73.8(2.7) 
79.5(5.4) 
s1.9(2.1) 
s6.0(3.4) 
84.s(s.s) 
s2.9(5.5) 
s2.6(6-2) 
9o.5(5.0) 
a5.a(4.9) 
85.9(5.8) 

a5.1(s.s) 

88.6(4.4) 
85.0(6.1) 

6s.1(e 
7o.o(1 
11.a(s 
7s.3(e 
72.5(4 
73.5(5 
74.1<e 
1e.9(e 
7s.3(s 
77§2(s 
79.7(4 
14.7(3 
77.8(7 
a4.6(3 
17.s(2 
so.1(3 
80.2(3 

78.6(4 

80.5(4 
86.1(2 

7) 

5) 

4) 
5) 

9) 

3) 

3) 
2) 

8) 
7) 

6) 
.4) 
0) 
9) 

.4) 

0) 
0) 

9)} 

1)

6)
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APPENDIX 

Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 

1 Figure 
Figure 
Figure 
Figure 
Figure 
iFigure 
Figure 
Figure 
Figure 
Figure 

IA. 

2A. 
3A. 
4A. 
SA. 
6A. 
7A. 
8A. 
9A. 
10A. 
11A 
12A. 
13A. 
14A. 
15A. 
16A 
17A 
18A 
19A 
20A 
21A 

3-chloro 
4—eh1oro 
2—chlor0 
2;6—diehloro 
4-chloro—3+methy1 
2—chloro—5—methyl 
3,5-dichloro 
2,5-dichloro 
2,4-dichloro 
3,4—dich1oro 
2,3-dichloro 
2,4,6—trichloro 
2,3,6—trich1oro 
2,4,5-trichloro 
2,3§5-trichloro 
354,5-trichloro 
2,3,4-trichloro 
2,3,5,6—tetrachloro 
2,3,4,6—tetrachloro 
2,3,4,5—tetrachloro 
pentachloro
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