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MANAGEMENT PERSPECTIVE

Recently, there has been a great deal of concern on the environmental impact
of the pollution created by the bleaching of pulps. Large quantities of numerous
chlorinated phenolics are discharged vinto the lakes and rivers by the pulp and paper
industries. In order to monitor the pollution created by these compounds, a simple yet
comprehensive analytical method for the determination of all major chlorinated phenolics
in pulp and paper mill effluents has been developed. This method is the product of a
joint project between Research and Applications Branch and Wastewater Technology

Centre.



PERSPECTIVE DE GESTION

L'impact environnemental de la pollution causé&e par le blanchiment des
pates 3 papier a soulevé récemment beaucoup de préoccupations. De grandes
quantités de nombreux composés phénoliques chlorés sont déversées dans les
lacs et les cours d'eau par les usines de pites et papiers. Une méthode
d'analyse 3 la fois simple et exhaustive a &té mise au point pour déterminer
tous les principaux composés phénoliques chlorés contehusvdans les effluents
de ces usines afin de contrdler la pollution créée par ces contaminants.

Cette méthode a éﬁé mise au point grace aux efforts conjoints de la Direction

de la recherche et des applications et du Centre technique des eaux usées.

Dr. J. Lawrence
Directeur

Direction de la recherche et des applications



ABSTRACT

Based on the in-situ acetylation procedure, a method for the determination of
31 chlorinated phenoliic's in pulp and paper effluent samples has been successfully
developed. Except for 4-chlorocatechol, this procedure provided satisfactory recovery for

all phenols at three levels of fortification, namely, 400, 40, and 4 pg/L. Analysis of the

_aée‘tyl derivatives was performed by gas chromatography using a 30 m DB-5 capillary

column interfaced to an electron-capture detector. Mass spectral abundance data for the
characteristic ions of the ace,tyi derivativés w#s acquired and used for the confirmation
of compound identities. By operating a mass selective detector in the selected ion
monitoring mode, application of this pro;:edure was" further extended to the mono
chlorinated phenolics. Using a 50 mL effluent sample, the method detection limit was
0.5 pg/L for all except the monochlorinated compounds, which had a detection limit of 1
ug/L. Several effluent samples from a Canadian paper mill were analyzed by this

procedure and the results are presented.
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REsUME

Une méthode basée sur la technique d4d'acétylation sur place et
permettant de déterminer 31 compoéés phénoliques chlorés contenus dans des
&chantillons d'effluent d'usines de pites et papiers a pu &tre mise au point
avec succés. Cette méthode permet de récﬁpéfer de fagon satisfaisante tous
les phénols, sauf 4-chlorocatechol, 3 trois nivéaux de concentration, soit 400,
40 et 4 ug/L. L'analyse des dérivés acétyl a été effectuée par ‘
chromatographie en phase gazeuse 3 1'aide d'une colonne capillaire DB-5 de
30 m reliée 3 un détecteur de capture d'électron. Les données d'analyée par
spectre de masse des ions caractéristiques des dérivés acétyl ont &té
recueillies et ont servi 3 confirmer 1'identité des composés. En se servant
du détecteur sélectif de masse dans le mode de contrdle de 1'ion choisi,
1'application de cette méthode a &té €largie encore pour détecter les composés
phénoliques monochlorés. Avec un échantillon d'effluent de 50 mL, la limite
de détection de la méthode s'é€levait & 0.5 ug/L pour tous les composés, sauf
les composé&s monochlorés; la limité de détection de ces derniers se situait 3
1 ug/L. Plusieurs &chantillons d'effluent provenant d'une usine 3 papier de
1'Ontario ont &té analysés gréce 3 cette méthode et les résultats sont

présentés ici.



INTRODUCTION

color in the pulp. Typically, bleaching is done in ﬁvg or six sequential steps designated
as C (chlorination), E (aikaline extraction), H (hypochlorite), and D (chloriﬁe dioxide)
stages. Effluents are produced by washing the pulp after each stage. During this
process, chlorinated phenolics are formed as by-products by electrophilic aromatic
substitution, elecfrophilic displacement, and dealkylation/demethylation reactions
occurring on lignin, a natural .product present in all wood pulps. The major phenolics

found in pulp and paper effluents can be classified into the following five groups of

compounds:  chlorophenols, chloroguaiacols, chlorocatechols, chlorosyringols and

chlorovanillins. Other compounds such as syringealdehydes and veratroles are also
present in effluent samples in’ minor quantities. Chemical structures of the above
compounds are given in Appendix 1. According to some reports [1-4], the type ‘of
ﬁhenol,iqs present in the effluent depends on: .(1) the type of wood being processed, and
(2) the stage in the delignification process. In general, soﬁwwd produces larger amounts

of the phenolic by-products than hardwoed. Softwood effluent contains only chlorinated

- phenols, guéiacols, catechols, and vanillins. In addition to the above phenolics, hardwood

effluents also contain chlorinated syringols and syringealdehydes . It is also noted that
catechols are mostly found in the C-stage effluents while phenols, guaiacols and vanillins
are more frequently observed in the E-stage effluents. The total amount of chlorinated

phenolics produced during the chlorine bleaching steps was shown to be dependent on -
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conditions such as pH, temperature, chlorine dosage, and the use of chlorine dioxide

substitution [1,4]. Rry

Recent studies have indicated that chlorinated phenolics are one of the major class of
toxicants in pulp and paper effluents, The sublethal toxic effects of such effluents to
fish have been reviewed [5]. The 96 h LC,, values of various chlorinated phenolics were
also reported [4]. Ac,cording to the latter reference, there is a‘ trend to indicate that the
toxicities of phenolics are inversely proportional to their pK, values. Since phenols with
higher level of chlorinati‘oh have lower pK’s, they are t.here_fof’e more toxic than those
with less chlorine substitution. In order to protect the fish industry and to safeguard
the possibility of bioaccumulation of toxic phenols in the foed chain, it is necessary to

monitor pulp and paper effluent for excessive levels of chlorophenols.

Although the formation of ethyl [6], heptafluorobutyryl [7], pentafluorobenzyl ether [8],
and other derivatives has been reported, chlorinated phenolics in effluent samples are
most conveniently analyzed as their acetyl derivatives using an in-situ acetylation

procedure [3, 9-12]. This procedure has the advantage of combining the extraction and

derivatization of phenolics into a single step as well as the ease of formation and

stability of the derivatives. For the phenolics with two or more chlorine substitutions,
the acetyl derivatives are sensitivé to electron-capture detection so that detenr;inéti'on of
trace levels of phenolics can be achieved for environmental samples. Despite the wide
use of the acetylation procedure, this method has not yet been rigorously tested for a

large number of phenolics. In this report, we shall present a validated method for the
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determination of 31 chlorinated phenolics (see Figure 1 for a listing) commonly found in

pulp and paper effluent samples.

[Note: For the sake of simplicity, the following abbreviations are used to denoté various
phenolics throughout this manuscript: P for chloﬁphenols, G for chloroguaiacols, C for
chlorocatechols, S for chlorosyringols, and V. for chlorovanillins. The numbers ahead of
them are the positions of chlorine substitutions. As an example, 46G stands for 4,6-

dichloroguaiacol].

EXPERIMENTAL

Apparatus

Two Hewlett-Packard Model 5880A gas chromatographs were used in this study. One
was equipped with an electron capture detector, the other with a Model 5970B mass
selective detector and data system. See Table 1 for the chromatographic conditions.

Acquisition of mass spectral data.

Obtain full scan MS data by scanning the MSD from m/z 40 to 350 at a rate of 1.7
scans per second and a scan threshold of 1000. The electron energy and electron
mu]tiplier voltages were 70 eV gnd 2000 V, respectively. For selected ion monitoring

work, use the [M-42]* jon for quantitation of the chlorinated phenols, guaiacols, vanillins,
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and syringol, and the [M-42-42]* ion for the chlorocatechols.

.Reaéents

All solvents are Distilled-In-Glass, Pesticide Residue grade and must be

checked before use for low blank values.

Purified (organic-free) water. Pass distilled water through Bion Exchanger
composed of two Chemical Organosorb II (Part No. 19710) and one Chemical 3x Research

II (Part No. 19720) cartridges. Alternatively, extract 1 L distilled water three times by

stirring with 50 mL methylene chloride for 30 minutes. Discard organic layers.

Sodium sulphate (anhydrous, Reagent grade), available from BDH Chemicals.

Heat for 48 hours at 200 °C and store in a clean glass bottle.

Analytical standards. Chlorinated phenolics should be analytical grade (98+%
purity). Obtain chlorophenols from Aldrich Chemical Co. (Milwaukee, WI) and other

phenoli¢s from Helix Biotech Scientific Ltd. (Vancouver, B.C., Canada).

Prepare .1000 ppm stock solutions of each of the individual chlorinated
phenolics by dissolving 100 mg of pure analytical standard in toluene or acetone and

diluting to 100.0 mL in "low-actinic" volumetric flasks. Store at 4 °C in the dark.
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Prepare a mixed phenol stock solution by combining appropriate aliquots of the
individual phenols stock solutions and diluting to 100.0 mL with acetone. Prepare
Spiking Solutions by diluting further with acetoné as required. Sfo‘x’"e all solutions at 4
°C in the dark. |

Acetic anhydride. Distill reagent grade acetic anhydride three time and collect

the 138°-140° fraction. Keep at -20°C in the dark.
Extractive acetylation of effluent sample.

Measure a 50.0 mL sample in a 250 mL Erlenmeyer flask. Add 1 mL of 75%
K,CO,, 5 mL of triple distilled acetic anhydride and 30 mL of petroleum ether ®.p. 36’-
60°C). Stopper and stir fof 30 min with a teﬂon-co#ted stir bar on a magnetic stirrer.
Separate the layers in a 500 mL separatory funnel and drain water sample (lower layer)
back into the original flat bottom flask. Collect organic layer in a 250 mL round-bottom
flask. Repeat the extraction/acetylation procedure twice with 30 mL of petroleum ether
and 1 mL of acetic anhydride each .time. Discard the aqueous sample after the third
extraction. Rinse the 500 mL separatory funnel twice with 10 mL of petroleum ether

and add the rinsings to the petroleum ether extracts. Pass the combined extract

‘through a 5 ¢cm column of anhydrous sodium sulphate in an Allihn funnel into another

ether and apply vacuum until the sodium sulphate is dry. ’R..ernove the funnel, add a

few boiling chips to the extract and attach a three-stage Snyder column to the 250 mL
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round bottom flask. Wet the Snyder éolumn with 3 mL of isooctane and clamp the flask
securely in a‘heating mantle. Adjust the distillation rate by the heater controller and

reduce the sample volume to 5-7 mL. After g’odling, rinse the column with 8 mL of

petroleum ether and quantitatively transfer the concentrated extract to a 15-mL

centrifuge tube. Further evaporate the extract down to 3 mL with a gentle stream of
nitrogen and make up to 5.0 mL with isooctane.  Transfer about 3 mL of the final
extract to another 15 mL centrifuge test tube containing 1 mL of 1% K,CO,. Mix on a
vortex mixer for about 1 minﬁtg. Pass organic la’ygr‘ through a 9 mm disposable pipette
plugged with silanized glass wool and packed with 5 em of ahhydrous Na,SO,. Analyze
the sample extract by means of gas chromatography using electron-capture and mass

selective detectors.

To prepare a GLC standard for calibration, fortify a 50 mL sample of 1.5%
potassium carbonate with 100 uL of an appropriate spike solution and perform an

extractive acetylation alongside the effluent samples.

RESULTS AND DISCUSSIONS

Due to the difference in chemical structures, the number of possible isomers at
each level of chlorination is different for each class of phenolics. Among these
compounds, reference standards of all 19 chlorophenols are readily available from various

commercial sources. All of the 15 chloroguaiacols and 9 chlorocatechols have been
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synthesized and reported [14], however, only 6 chloroguaiacols and 5 chlorocatechols (see
Table 2) are presently available from a commercial supplier (Helix Biotech Scientific
Ltd., Vancoiver, B.C.). Similarly, only two chloro§anillins and one chlorosyringol (Table
2) are available from the same comipany. In this study, all available phenolics were
included into the validation work, with the exception of 25P and 234P owing to GC

resolution problems.
Derivatization of phenols

In the presence of an aqueous base, each of the chlorinated phenolics readily gave a
single product when reacted with acetic anhydride. Although the conversion to the
acetyl derivatives was completé with 0.5 mL of the anhydride per reaction ih pure or
natural water samples, a large excess (total of 7 mL) of the anhydride was required for
maximum reaction of all ‘phenoiics in effluent samples. Insufficient reactant would cause

low yields of the catechol derivatives, although the recoveries of the other phenolics in

this study were not adversely affected. Due to the large amount of acetic anhydride

used, a partitioning with 1% K,CO, was required to remove this excess m the final

extract. The 1% K,CO, also served to neutralize any acidic compounds which were not

derivitized. To minimize losses of the more volatile derivatives, the >petroleg,m ether

extract should only be evaporated in the presence of isooctane as a keeper using a 3-

stage Snyder column.



GC resolution

The retention times of the acetyl derivatives for all 19 chlorophenols, 15
chloroguaiacols, and nine chlorocatechols determined on a SE-30 capillary column were
reported by Knuntinen and Korhornen [13]. In this work, GC resolution of the acetyl
derivatives was attempted on the following capillary columns: SPB-1, SPB-5, DB-5, and
HP-5 a‘nd the retention times are recorded in Table 2. Although Athe separation of the
acetates was slightly different with each column, the order of elution for the derivatives
was invariably the same and was consistent with the literature [i3]. The SPB-5 and the
DB-5 columns gave the best resolution of the present group of 31 compounds; both of
which have the 5% diphenyl, 94% dimethyl and 1% vinyl polysiloxane stationary phases.
With these two colﬁmns, the acetyl derivative of 35C emerged between those of 2356P
and 2346P, causing incompleté resolution, It should also be noted that, the following
pairs, 25P and 24P as well as 234P and 46G, did not resolve. A total ion current
chromatogram of the 31 derivatives is shown in Figure 1 and an ECD chromatogram of

the same mixture is depicted in Figure 2.
GC-MSD data

As confirmed by the following GC-MS data, the reaction of chlorinated
phenolics with acetic anhydride produced the mono- (for phenols, guaiacols, syringols and

vanillins) as well as di- (for catechols) acetylated derivatives. No mono-acetylated



catechol was observed.

It is interesting to note that the vlaldehyde group of the vanillins was gra&ua’lly
methylated, upon storage, to form the acetals wﬁen methanol was the solvent used to
prepare fhe stock solutions. This result was supported by the observation of the
molecular ions of the acetyl derivatives for the vanillin acetals. For this reason,
methanol mustv not be.used to prepare stock solutions of vanillins. |

Under EI conditions, all chlorophenol acetates exhibited .the following
characteristic 'ibns: (1) molecular ion (M*), (2) [M-42)*, and (3) [COCH,) (m/z 43). The
base peak for all chlorophenol acetates except those of the monochlorophenols was the
[COCH,I' ion. The intensities of tﬁe molecular ions were weak, especially for the higher
chlorinated congeners. Therefore, the [M-42]* ions should be used in selected ion
monitoring work for quant_:itative' or confirmation purposes. For a listing of the
characteristic ions and their mass numbers and relative abundance data for the acetyl
derivatives of chlorphenols, see Table 3.

The EI mass spectra of the acetyl derivatives for the other phenolics also
exhibited the above three characteristic ions. In addition, the [M-42-15)* ion due to loss
of COCH, and CH, groups from the molecular ions of the guaiacols, vanillins and 3458
were also prominent. For the catechols, the characteristic [M-42:42]* ions due to loss of
two COCH, groups from the diacetylated molecular ions were present instead of the [M-
42-15) ions. However, in all cases, the molecular ions were weak and not useful for |
selected ion monitoring work. See Table 4 for a listing of GC-MS data for the above

phenolics.
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Validation experiments

To validate the current method with real samples, an effluent sample from a
Canadian bleach kraft mill was used. This sample was free of chlorinated phenolics
e),j:cept' for a few compounds near the detection limit and thus it was suitable for
fortification ‘work. Since the reported phenols in effluents have a concentration range
from low to high pg/L levels, this method was validated at 3 fortification levels, namely,
400, 40 and 4 pg/L. As shown in Table 5, recoveries of all phenolics except for the
chlorocatechols were quantitative at all three levels. Other than 4C, the recoveries of

catechols were generally between 70 and 90% at 400 and 40 ug/L, and were lower (ca.

50 to 70%) at 4 pg/L. For unknown reasons, the recovery of 4C was poor at all

concentrations. Thus, the present method is not suitable for the quantitative
determination of 4C, and has a tendency to be biased low for the chlorocatechols at low
ug/L levels. The method detection limit based on a 50 mL sample and a final volume of
one mL was estimated to be 0.5 pg/L by ECD detection and 1 pg/L by MSD detection.
If the detection of phenolics at lower concentrations is required, a lérger sample should

be used.
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Determination of phenolics in effluent samples

Several effluent samples collected from the bleach kraft mill were analyzed for

chlorinated phenolics using the method described above. Sample A (Figure 3) was
collected in a bleach plant and, similar to other C-stage effluents, it contained large
amounts of chlorinated catechols Cfable 6). The presence of high levels of 345S in this
sample was consistént with the fact that this company processed both hardwood and
softwood pulps. Sample C (Figure 4) was a combined effluent and it was collected Jjust
ahead of the aerated lagoon. The major chlorophenolics in this effluent sample were
chlorinated guaiacols, vanillins as well as the more chlorinated catechols. Sample D was
a treated effluent discharging into a river. The total chlorinated phenolics concentration

in sample D was 35.3 pg/L compared to 278.1 and 164.7 pg/L for samples A and C,

respectively.
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Figure 1.

Figure 2.

Figure 3.

Figure 4,

Total ion chromatogram of the acetyl deﬁvatives of 31 chlorinated
phenolics.

See Table 1 for chromatographic conditions. Peaks: (1) 2P, (2) 3P, (3) 4P,
(4) 26P, (5) 24P, (6) 35P, (7) 23P, (8) 34P, (9) 4G, (10) 246P, (11) 236P,
(12) 235P, (13) 245P, (14) 4C, (15) 46G, (16) 345P,(17) 45G, (18) 2356P,
(19) 35C, (20) 2346P, (21) 6V, (22) 2345P, (23) 45C, (24) 345G, (25) 456G,
(26) 56V, (27) 23456P, (28) 345C, (29) 3456G, (30) 345S, and (31) 3456C.

Approximately 20 ng of each of the above injected.

Electron-capture chromatogram of the mixture in Figure 1. See Table 1
for chromatographic conditions.' Approximately 400 pg of each component
injected.

GC-ECD trace of the acetyl derivatives in effluent sample A.

GC-ECD trace of the acetyl derivatives in effluent sample C.
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" Table 1

Chromatographic conditions for the analysis of ‘acetyl derivitives of chlorinated phenolics.

ECD

MSD

Gas Chromatograph
Detector type

Column

Column t_eihperat‘ure
initial
programming rate 1
programming rate 2
final

Detector temp.

" Injection port temp.

Splitless time

Column head pressure
Injection volume
Carrier gas

Makeup gas and flow

Septum purge flow

Hewlett-Packard 5880A
Ni-63 ECD

J&W DB-5, 30m x
0.25 mm

70 ° for 0.75 min

30 °/min (from 70 ° to 120 °)

-2 */min (from 120 ° to 180 °)

180 °
300 °
250 °
0.75 min
15 psi

2 uL
Helium

Argon/Methane (95+5)
25 mL/min

1.5 mL/min

Hewlett-Packard 5880A
Hewlett-Packard 5970B MSD
Supelco SPB-5, 30m x 0.25
mm :
70 ° for 0.75 min

30 “/min (from 70 ° to 120 °)
2 */min (from 120 ° to 180 °)
180 °

200 °

250 °

0.75 min

4 psi

1uL

Helium

None

1.5 mL/min
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Table 2

Retention times (minutes) of the acetyl derivitives of chlorinated phenolics on different

columns.

No. Compound SPB-5' DB-5* SPB-1? HP-5°
1 - 2P 5.92 ND ND ND
2 3p 6.33 ND ND ND
3 4P 6.45 ND ND ND
4 26P 8.37 9.20 9.44 8.82
5 24P 8.84 9.76 10.08 9.40
6 35P 9.15 10.13 10.57 9.76
7 23P 9.65 10.70 10.95 10.35
8 34P 10.33 11.51 11.83 11.18
9 4G 10.93 ND ND ND
10 246P 11.45 12.85 13.18 12.50
11 236P 12.84 14.48 14.65 14.17
12 235P 13.09 14.82 15.18 14.50
13 245P 13.30 15.04 15.38 14.74
14 4C 14.24 16.16 16.19 15.89
15 - 46G 14.82 16.84 ND ND
16 345P 15.26 17.42 17.76 17.15
17 45G 16.73 19.17 19.08 18.94
18 . 2356P 17.58 20.25 20.53 19.98
19 35C 17.68 20.33 ND ND
20 2346P 17.74 21.43 20.70 20.18
21 6V 18.72 21.59 ND ND
22 2345P 19.98 23.17 23.42 22.94
23 45C 20.18 23.40 23.42 23.19
24 345G 20.83 24.22 24.41 24.00
25 456G 22.36 26.06 - 25.82 25.89
26 56V 24.04 28.11 27.51 27.97
27 23456P 24.65 28.92 29.20 28.71
28 345C 25.04 29.04 29.33 29.22
29 3456G 25.77 30.30 30.46 30.10
30 345S 26.47 31.19 31.23 31.00
31 35.31 35.19 34.90

‘ 3456C

. 30.02

™ 1 RT determined by MSD
2 RT determined by ECD
ND = not determined
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Table 3

Mass number (m/z) and relative abundance (%) of some characteristic ions observed for the
acetyl derivitives of chlorophenols under EI conditions.

Parent Compound . M M-42) [COCH,}*

2P 170/12 128/100 . 43/73
3P ' 170/19 128/100 43/95
4P 170/11 128/100 43/59
26P 204/10 162/63 43/100
24P 204/ 6 : 162/95 _ 43/100
35P 204/15 162/60 43/100
23P 204/14 : 162/81 43/100
34P 204/14 162/92 43/100
246P 238/ 5 : 196/56 . 43/100
236P 238/ 5 196/37 _ 43/100
'235P 238/ 6 _ 196/40 43/100
245P 238/ 4 _ 196/70 43/100
345P 238/ 7 196/64 - 437100
2356P 272/ 5 : 230/20 . 43/100
2346P 272/ 3 230/32 43/100
2345P _ 272/ 4 230/43 43/100
23456P 306/ 3 ' 264/18 43/100
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Table 4

Mass number (m/z) and relative abundance (%) of some characteristic ions observed for the
acetyl derivitives of chloroguaiacol, chlorocatechols, chlorosyringol and chlorovanillins under

EI conditions.

.M‘

Pgrent M-42]* [M-42-15)* [M-42-42}* [COCH,)
compoun v
4G 200/7 158/100 143/67 - 43/61
46G 234/4 192/100 177/35 . - 43/66
45G 234/5 192/100 177/63 - 43/78
345G 268/4 226/73 211/41 . 43/100
456G 268/4 226/100 211/37 . 43/100
3456G 302/2 260/46 245/17 - 43/100
4C 228/2 186/17 - 144/75 43/100
35C 262/1 220/ 7 . 178/22 43/100
45C 262/2 220/10 - 178/44 43/100
345C 296/1 254/ 6 . 212/31 43/100
3456C 330/1 288/ 3 . 246/15 43/100
3458 298/4 256/87 241/29 . 43/100
6V 228/8 186/100 1719 . 43/100
56V 262/4 220/91 205/4 . 43/100
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Table §

Mean recoveries and precision (standard deviations, in parenthesis) of chlorinated phenolics
from fortified effluent samples (no. of replicates = 6).

Level of fortification, pg/L

Phenol 400 40 4
2P 94 (6) 92 (5) 98 (6)
3P 93(5) 91(8) 90(8)
4P 93(4) 91(8) 90(7)
26P 96(3) 95(8) 98(4)
24P 96(3) 95(7) 99(6)
35P 97(3) 96(6) 98(8)
23P 95(4) 95(4) 99(5)
34P 94(3) 97(4) 101(5)
4G 99(5) 109(8) 90(10)

246P 97(4) 101(5) 88(8)
236P 98(5) 98(7) 96(9)
235P 97(4) 95(9) 96(8)
245P 96(4) 92(6) 96(8)
. 4c 15(11) 23(17) -

- 46G 93(2) 90(3) 88(5)
345P 96(4) 95(4) 94(9)
45G 95(4) 91(7) 85(8)
2356P 100(5) 80(14) 93(7)
35C 62(10) 72(9) 53(5)
2346P 102(6) 92(14) 95(6)
6V 98(3) 92(6) 103(6)
2345P 99(4) 91(8) 102(10)
45C 74(9) 82(9) 55(7)
845G 99(4) 94(4) 111(10)
456G 97(5) 92(5) 113(8)
56V 99(5) 90(9) 104(8)

'23456P 93(7 ‘ 92(7) 104(5)
345C 89(8) 78(6) 59(7)

3456G 100(8) 99(6) 107(7)
3458 94(8) 96(6) 102(11)

3456C 101(6) 72(7) 65(9)

* Results obtained by MSD
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Table 6

Levels of chlorinated phenolics in effluent samples (all concentrations in pg/L).

: Effluent
Phenolics A Cc D

24P 5.6 6.1 ND
246P 9.9 ‘ 79 5.1
46G 3.5 10.3 ND
45G | 48 9.1 ND
35C 6.1 0.6 ND
2346P 5.4 3.1 1.1
6V - 14 84 ND

45C 173 v 1.8 0.5
345G 17.0 25.3 2.8
456G o 3.8 _ 8.8 1.2
56V 4.4 15.2 0.9
23456P 3.1 , 13 0.6

© 345C 74.1 9.9 6.4
3456G ‘ 18.5 34.8 5.5
3458 272 5.5 0.6
3456C 774 17.2 10.6
Total 278.1 164.7 35.3

ND = not detected
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Appendix 1

Chemical Structures of Chlorinated Phenolics

Lignin unit
. Cl X Cl X C I X
@ @ “oMe OH
OH OH OH
Chlorophenols Chloroguaiacols Chlorocatechols
| CHO
X | /Clx
MeO OMe OMe
OH - OH

Chlorosyringol Chlorovanillins



