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Use of chlorophenols as fungicides
in sawmills
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LEVIN, J.-O., RAPPE, C. and NILSSON, C.-A. Use of chlorophenols as fungicides in
sawmills. Scand. j. work environ. & heaUh 2 (1976) 71-81. Several commercial for­
mulations of chlorophenols used as fungicides in sawmills were found to contain
impurities, some of which are knoW1'J. to be much more toxic than the main products.
The most frequent impurities were chlorinated phenoxyphenols, chlorinated diphenyl
ethers, chlorinated dibenzofurans, and chlorinated dibenzodioxins. Samples of wood
dust from several positions in two Swedish sawmills were analyzed. The results
suggest that the impurities in the chlorophenol formulations are enriched in the work
environment in relation to the chlorophenols themselves, probably because of the
low volatility and high chemical stability of the impurities. The effect of various
methods of fungicide application on the work environment is discussed.

Key words: sawmill, analytical toxicology, fungicide, chlorophenol, chlorophenoxy­
phenol, chlorodibenzodioxin, chlorodibenzofuran, chlorodiphenyl ether.

When some kinds of timber - notably
softwood species, such as pine - are
felled and converted, they are susceptible
to attack from stain and mold, particu­
larly during the summer months. The
most important kind of sap stain is the
so-called blue stain. The causal fungi are
principally Ceratostomella and Graphium.

Fungicide is applied to the green timber
directly after sawing for the prevention
of sap stain. The most widely used
fungicides are salts of chlorophenols,
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which are applied as aqueous solutions
containing approximately 1 Ofo of the
sodium or potassium salt. The most com­
mon method of application is dipping.
Bundles of sawn timber are lowered into
a tank containing the chlorophenate solu­
tion and then kept submerged for 15 to
20 s. The wood is then allowed to dry.
Sawmills using kiln drying often apply
the chlorophenate solution by spray treat­
ment in the kiln before drying.

The use of chlorophenols in sawmills is
known to cause occupational health
problems. In an investigation carried out
by Levin (11), it was noted that the
workers in the trimming-grading plant,
where the sawn timber is handled after
chlorophenol treatment ,and drying, often
complain of cutaneous irritations, respira­
tory difficulties, headache, etc. Several
serious intoxications connected with the
use of chlorophenols in sawmills are re­
ported in the literature. For example,
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Fig. 1. Constituents of commercial chlorophe­
nol formulations. I: polychlorophenols; II:
polychlorophenoxyphenols; III: polychlorodihy­
droxybiphenyls; IV: polychlorodiphenyl ethers;
V: polychlorodibenzofurans; VI: polychlorodi­
benzodioxins.

Truhaut et al. (22) reported occupational
intoxication from pentachlorophenol,
which afflicted men dipping planks of
wood in a 3 % solution of a mixture con­
taining 80 % sodium pentachlorophenate
and 20 Ofo sodium tetrachlorophenate.
Some workers showed only cutaneous
symptoms; others showed symptoms of
anesthesia, loss of appetite, and respi­
ratory difficulties. The urine contained
3 to 10 mg of pentachlorophenol per liter.
Case histories of two workmen with a
fatal outcome were presented. Menon (12)
described the death of nine native work­
ers who had been handling dripping-wet
timber, freshly treated with sodium pen­
tachlorophenate in a Borneo sawmill.

CHEMISTRY AND TOXICOLOGY
OF CHLOROPHENOLS

Commercial chlorophenol formulations in­
tended for use as fungicides are nor­
mally sodium or potassium salts con­
taining three to five chlorine atoms. The
most widely used formulation in Sweden
is the sodium salt of a 2,3,4,6-tetrachloro­
phenol.

Most chlorophenol formulations contain
a number of chlorinated impurities of
higher molecular weight (2, 4, 7, 15, 17,
18). The most frequent types are shown
in fig. l.

The toxicological situation is extremely
complicated. Single oral LD50 values for
chlorophenol formulations range from
about 200 to about 800 mg/kg of body
weight for rats. The lower chlorinated
formulations have higher LD50 values.
The Ilong-term effects of chlorophenols
are unknown.

In man, chlorinated aromatics like
chlorophenols are known to produce
chloracne (3, 21). A number of serious
outbreaks of chloracne linked with the
production of chlorophenols has been re­
ported in the literature. In 1972 Gold­
mann (5) reported a very severe outbreak
of chloracne in connection with an acci­
dent arising from an unforeseen chemical
reaction in a plant manufacturing 2,4,
5-trichlorophenol. Detailed occupational
and case histories were reported. It was
found that 2,3,7,8-tetrachlorodibenzodioxin

was the toxic causative for skin changes
in a total of 42 serious cases, 14 persons
suffering consequent damage to internal
organs and 7 persons experiencing dis­
turbances in the nervous system. In 1957
Kimming and Schulz (10) established for
the first time the elementary but vital
fact that, whereas crude commercial 2,4,5­
trichlQrophenol had an acnegenic effect on
the inner side of the rabbit ear, purified
2,4,5-trichlorophenol did not. Thus there
seems little reason to doubt that chloracne
is produced by chlorodibenzodioxins or
similar substances present as impurities in
crude commercial chlorophenol formula­
tioos.

Certain chlorodibenzodioxins are highly
toxic compounds (9) and 2,3,7,8-tetra­
chlorbdibenzodioxin - a contaminant of
2,4,5-trichlorophenol - is one of the most
toxic chemicals known. Single oral LD50
values for male guinea pigs are about
1 ,ug/kg of body weight (9). The com­
pound is strongly acnegenic (8), terato­
genic (20), embryotoxic 1(13), and muta­
genic (6) and has been shown to supress
cel,lular immunity in rats and mice (24).
On the other hand, 2.0 g/kg and 4.0 g/kg
of body weight of 2,7-dichlorodibenzodi­
oxinand octachlorodibenzodioxin, respec­
tively, are not lethal to rats (19).

Not much is known about the toxicity
of chlorodibenzofurans. Vos et al. (23)
reported that the toxicity of certain
chlorodibenzofurans is similar to that of
the dioxins. Zitko and Choi (25) reported
that chlorodibenzofurans are very toxic
to juvenile Atlantic salmon.
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Practically nothing is known about the
toxicity of chlorophenoxyphenols and
chlorodiphenyl ethers. However Nilsson et
al. found that photolysis and pyrolysis of
chloro-2-phenoxy,phenols yield chlorodi­
benzodioxins (14). (See scheme 1.) Nor­
strom et al. (16) reported that photolysis
of certain chlorodiphenyl ethers resUilts
in the formation of chlorodibenzofurans.
(See scheme 2.)

scraped off, eluted with acetone (p.a.), and
submitted to GC~MS analysis (LKB 9000
mass spectrometer equipped with a Pye­
Unicam, model 84, gas chromatograph and
a split to a flame ionization detector).
Band 1 (Rf = 0.2-0.4) consisted of ch1oro­
phenols. Band 2 (Rf = 0.4-0.5) consisted
of chlorophenoxyphenols, and band 3 (Rf
= 0.6-0.7) consisted of neutral compo­
nents, Le., chlorodiphenyl ethers, chlorodi­
benzodioxins, and chlorodibenzofurans.

MATERIAL AND METHODS

Identification of impurities in commercial
chlorophenol formulations

The preceding separation procedure was
employed. The chlorophenate formula­
tion (0.50 g) was dissolved in 10.0 ml of
water. The solution was acidified with 2
M sulfuric acid and extracted with
ether (p.a.). The ethereal phase was washed
with water and evaporated to dryness.
The residue was dissolved in 10.0 ml of
acetone (p.a.). Ten to fifty III (If this
solution was applied to a 5 X 20-cm pre­
coated TLC plate, and the chromato­
gram was developed with chloroform.
Bands 2 (chlorophenoxyphenols) and 3
(neutral components) were scraped off and
shaken with 1.0 ml of hexane (p.a.), and
band 2 was methylated with diazomethane.
The solutions were then submitted to gas
chromatographic analysis. [pye-Unicam
model 84 gas chromatograph, equipped
with a Ni~3 electron-capture (EC) detec­
tor].

Quantification of impurities in commercial
chlorophenol formulations

Fig. 2. Thin-layer chromatogram of the acidi­
fied chlorophenol formulation eluted with chlo­
roform.
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A:s previously mentioned, many contami­
nants have been identified in chloro­
phenols. Some of these are shown in fig.
1. Both extraction and chromatographic
methods, as well as combinations of them,
have been used for the separation of dif­
ferent impurities. (2, 4, 7, 15, 17, 18). In
the present case we employed thin-layer
chromatography (TLC) to ,achieve gross
separation between different types of com­
pounds and followed it with a gas chro­
matographic-mass spectrometric (GC-MS)
analysis for the identification (If individual
components.

An acidified chlorophenate solution was
extracted with ether {p.a.), 'and the
ethereal solution applied to a 20 X 20-cm
precoated TLC plate (Merck's DC-Fertig­
platten Kiselgel 60 F254, 0.25-mm layer).
The chromatogram was developed with
chloroform and made visible under ultra­
violet light (254 nm). The chromatogram
is shown in fig. 2. Three bands were
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Fig. 3. Electron-capture gas chromatogram of
neutral components in a commercial 2,4,6­
trichlorophenol formulation (Column tempera­
ture 210°C).

Fig. 4. Electron-capture gas chromatogram of
neutral components in a commercial 2,3,4,6­
tetrachlorophenol formulation (Column tem­
perature 230° C).
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Fig. 5. Electron-capture gas chromatogram of
neutral components in a commercial penta­
chlorophenol formulation (Column temperature
240° C).

Fig. 6. Electron-capture gas chromatogram of
phenoxyphenols (methylated) in a commercial
2,3,4,6-tetrachlorophenol formulation (Column
temperature 2300 C).

The column was a glass column, 1.7 m,
ID 0.40 em, filled with 1 Ofo QV-17 on
acid-washed, dimethyldichlorosilane-treat­
ed Chromosorb W (100-120 mesh). The

operation conditions were: injection tem­
perature 275°C, column temperature 220­
240°C, detector temperature 250°C, car­
rier gas nitrogen (40 ml/min).
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The standards used were pentachloro­
2-phenoxyphenol (methyl ether), tetra­
chlorodibenzodioxin, pentachlorodibenzo­
dioxin, octachlorodibenzodioxin, tetra­
chlorodibenzofuran, tetrachlorodiphenyl
ether, and pentachlorodiphenyl ether. As
all compounds present as impurities in
the chlorophenol formulations were not
available as standards, the levels quoted
in the tables are approximate.

In figs. 3-5 electron-capture gas chro­
matograms (EC-GCs) of neutral compo-

Til t
Intake

nents in three commercia'l chlorophenol
formulations are shown. Fig. 6 presents
the EC-GC of the methylated ,phenoxy­
phenol band from a 2,3,4,6-tetrachloro­
phenol formulation.

Sampling and analysis of wood dust
from sawmills

Information requested from the Swedish
Labor Inspectorate and from Swedish
sawmill owners (11) shows that the occu-

er

e-feede r line

trimmer

Fig. 7. Trimming-grading plant of a sawmill. Packaging is located in a plane beneath the
one-piece-feeder line.

Fig. 8. Butt-end trimmer in a trimming-grading plant.
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Fig. 9. Grader in a trimming-grading plant.

Fig. 10. Packager in a trimming-grading plant.
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In fig. 12 the EC-GC of the neutral
component band from the sawdust ex­
tract is shown, and fig. 13 presents the EC­
GC of the methylated phenoxyphenol
band.

Wood-dust exposure measurements
were carried out in the trimmi!ng-grading
plant of two sawmills in northern Swe­
den. Measurements were taken for 3
days at each sawmill, and personal sam­
pling pumps were worn by workers in the
trimming, grading, and packaging posi­
tions. After the dust filters were weighed,
the dust was extracted and analyzed in the
same way as described previously. Because

Fig. 12. Electron-capture gas chromatogram of
neutral chlorinated components in sawdust
(ct. fig. 4).

Fig. 11. Thin-layer chromatogram of wood­
dust extract eluated with chloroform.

pational health problems associated with
the use of chlorophenols are mostly con­
fined to the trimming-grading plant of the
sawmill. There the sawn and dried wood
is handled for the first time after chloro­
phenol treatment, and it is likely that the
wood dust emitted contains some chloro­
phenol. The trimming-grading plant (fig.
7) is operated by a butt-end trimmer (fig.
8) and one or several graders (fig. 9). The
sawn timber is packaged after grading.
Packaging is often located underneath the
one-piece-feeder line (fig. 10) in the trim­
ming-grading plant.

Wood dust from the three work posi­
tions, trimming, grading and packaging,
was collected and analyzed. The follow­
ing procedure was employed: 1 to 5 g of
wood dust was extracted with ether (p.a.)
in a Soxhlet apparatus overnight. The
ether was ev,aporated, and the tarry resi­
due was dissolved in 5.0 ml of acetone
(p.a.). Thirty to sixty ,ill of this solution
was applied to a 5 X 20-cm precoated TLC
plate, and the chromatogram was devel­
oped with chloroform. The resulting
chromatograJIll is shown in fig. 11. The
bands were scraped off and analyzed as
described earlier. The phenolic compounds
were analyzed as their methyl ethers.

-~
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Fig. 13. Electron-capture gas chromatogram
of chlorophenoxyphenols (methylated) in saw­
dust (cf. fig. 6).

of the small amount of dust on each filter
(1-2 mg), only the chlorophenol content
was determined.

Personal sampling pumps with charcoal
tubes were used to check for chloro­
phenols dissolved in the air. Tetra­
chlorophenol levels in air were less than
0.001 mg/m3•

RESULTS AND DISCUSSION

Table 1 presents the levels of different
impurities in three commercial ch:l.oro­
phenol formulations widely used as fun­
gicides in Swedish sawmills.
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Not many quantitative determinations
of different contaminants in chlorophenols
have been reported in the literature.
Using electron-capture gas {:hromatogra­
phy, Firestone et al. 1(4) estimated the chlo­
rodibenzodioxin content in 21 commercial
chlorophenols. Using mass fragmentogra­
phy, Buser (2) determined the chloro­
dibenzodioxin and chlorodibenzofuran con­
tent of two commercial ·chlorophenols, one
tetrachloro- and one pentachlorophenol.
The tetrachlorophenol formulation con­
tained approximately 100 ppm of chloro­
dibenzodioxins ~CI7,CIs) and 900 ppm of
chlorodibenzofurans (Cla,CI7,Cls); and the
pentachlorophenol, 500 ppm of chloro­
dibenzodioxins (CI7,CIs) and 500 ppm of
chJlorodibenzofurans (CI7,CIs). Nilsson and
Renberg (15) and Jensen and Renberg (7)
have studied the chlorophenoxyphenol
content of commercial chlorophenols. Ac­
cording to these authors some formula­
tions contain up to 5 % of chlorophenoxy­
phenols.

Very few determinations of chloro­
phenol contaminants in the environment
can be found in the literature. One ex­
ception is the determination of the highly
toxic substance 2,3,7,8-tetrachlorodibenzo­
dioxin, which can be detected at the ppt
level (1). It should be noted that 2,3,7,8­
tetrachlorodibenzodioxin is a contaminant
of 2,4,5-trichlorophenol, a substance not
used as a fungicide in sawmills.

Table 2 presents the results of analyses
of sawdust samples collected from the
trimming, grading, and packaging posi­
tions of a sawmill using the tetrachloro­
phenol formulation described in table 1.
The solution is applied by means of spray
treatment in the kiln, the treatment being
continued the whole year round (sawmill
A). As can be seen from table 2, there is an
enrichment of chlorodibenzofurans in the
sawdust in relation to the chlorophenol
content, when compared to that in the fun­
gicide used. In the chlorophenol formula­
tion the ratio tetrachlorophenol: chloro­
dibenzofurans is approximately 10,000; 1;
and in the sawdust, approximately 100 : 1.
It can al,so be seen from table 2 that the
highest contaminant levels are found at
the beginning of the feeder line.

Table 3 presents the results of analyses
of sawdust from a sawmilil using dipping
as the method of application (sawmill B).



Table 1. Approximate quantities of certain impurities in three commercial chlorophenol
formulations used as fungicides in Swedish sawmills.

Formulation Main
products

Chlorophen­
oxyphenols
(ppm)

Chl di Chlorodi-
oro - benzo­

benzofurans dioxins
(ppm) (ppm)

Chlorodi­
phenyl
ethers
(ppm)

Fig.

Potassium
salt of 2,4,6­
trichloro­
phenol
(water
solution)

Sodium salt
of 2,3,4,6­
tetrachloro­
phenol

Cb-phenol
(55 Ufo)
C4-phenol
(5 Ufo)

Cb-phenol
(5 0/0)
C4-phenol
(50 Ufo)
C15-phenol
(10 Ufo)

2,000-5,000
(C14,C15,CI6)

2,000-5,000
(CI5,CI6,CI7,CIS)

100-200
(C15,CI6)

70-150
(CI6,C17)

<1

1-5

50-100
(CI4,C15,CI6)

5-10
(C15,CI6,CI7)

3

4,6

Sodium salt
"Of penta­
chlorophenol

Cl4-phenol
(5 Ufo)
Cl5-phenol
(90 Ufo)

2,000-5,000
(> 90 Ufo C19)

100-300 500-2,000
(CI5,CI6,CI7) (C17,CIs)

5-10
(CIs,CI9)

5

Table 2. Chlorinated contaminants in sawdust
from a trimming-grading plant (sawmill A).

Table 3. Chlorinated contaminants in sawdust
from a trimming-grading plant (sawmill B).

Position

'Trimming
·Grading
Packaging

C4­
phenol
(ppm)

300
100

70

Chloro­
phenoxy­
phenols
(ppm)

30
10
10

Chlorodi­
benzo­
furans
(ppm)

6
3
1

Position

Trimming
Grading
Packaging

C14­
phenol
(ppm)

450
50

125

Chloro­
phenoxy­
phenols
(ppm)

13
8

15

Chlorodi­
benz(\)­
furans
(ppm)

<0.5
<0.5
<0.5

Table 4. Chlorinated contaminants in sludge
from the dipping tank (sawmill B).

will precipitate from the dipping solution,
and the bottom sludge of the dipping tank
will be highly contaminated with chloro­
dibenzodioxins and dibenzofurans. Conse­
quently the levels of chlorodibenzofurans
in the sawdust from the trimming-grading
plant will be low. Therefore the dipping
method of application is preferable, pro­
vided that the highly contaminated sludge
of the dipping tank can be disposed of
in a satisfactory manner.

The same chlorophenol formulation as in
sawmill A is used. In this case no enrich­
ment of chlorodibenzofurans in the saw­
dust can be seen, but as in the previous
case the sawdust of the trimming posi­
tion has the highest chlorophenol con­
tent.

When dipping is employed, a sludge of
sawdust collects on the bottom of- the
dipping tank. Samples of this sludge were
dried and analyzed. The results are shown
in table 4. As can be seen from the table,
the sludge is remarkably enriched with
chlorinated dibenzofurans. The chlorodi­
benzofuran content in the sludge, is about
ten times higher than that in the chloro­
fenol formulation used. (See table 1.)

The solubility of chlorinated dibenzo­
dioxins and dibenzofurans in water is
extremely low. Thus these compounds

Cl4-phenol
(Ufo)

2.5

Chlorophen- .
oxyphenols

(ppm)

200

Chlorodi­
benzofurans

(ppm)

700
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In addition gas chromatographic anal­
yses of sawdust from the kiln suggest that
chlorodibenzodioxins may be formed un­
der drying conditions (i.e., 40-50° C for
a prolonged time), probably according to
scheme 1. These substances will make the
atmosphere in the kiln highly poisonous.
Therefore all work in the kiln should be
preceded by thorough ventilation.

Sawdust levels at sawmill B were de­
termined with personal sampling pumps.
The values in table 5 are mean values of
exposure measurements during 3 days. It
is evident from table 5 that the chloro­
phenol content in the sawdust decreases
r,apidly beyond the trimming position. The
same general trend can be observed in
tables 2 and 3. Most of the chlorophenol­
contaminated dust is probably emitted
when the wood is transferred from the
tilt to the one-piece-feeder line (see fig.
7). The problems associated with the
chlorophenol-contaminated dust could
therefore be solved with proper ventila­
tion.
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