
Spent bkach liquors from the bleach plant of some kraft pulp mik have been 
investigated for their content of chiorophenols. The chlorophenols are determined as 
their ethyl derivatives by means of gas chromatography-mass spectroketry after 
extraction, fractionation zmd ptitication. Separation of the various components is 
performed by means of gkss open-tubular columns connected to either a flame ioniza- 
tion detector or an electron capture detitor. 

In recent years considerable efforts have been made to control effluents from 
the pulp and paper industry. Because chlorine is generally involved as a bleaching agent, 
the presence of chlorinated organic compounds in such efi3uents may be expe&zd. 

Das et aim1 showed indirectly the presence of tetrachloro-o-benzoquinone in 
bleach k~& chlorination eBuent_ Rogers2 isolated and identikd some toxic sub- 
sWces from kraft mill waste and detected trichtoroveratrole, derived from either tri- 
chloroguaiacol or trichlorocatechol, on methyl&ion with diazomethane. Ota et ~1.~ 
identified several low molecular weight constituents of pine kraft spent chlorination 
liquor, some of which were chlorinated tiphatic substances, by using thin-layer and 
gas ehromatogrzphy. Deirce and Ot& characterized residues in. spent chlorination 
liquors, and by using various spectroscopic methods, identified functionaf groups 
present in the residual organic matter of the &ethyl ether extracted liquors. 

LittIe has beea done to examine the chlorinated aromatic content of the spent 
bleach liquors. Initially, it appeared desirable to investigate the occurrence of chloro- 
phenols. This paper describes the identification and quantitation of some chloro- 
pher@s Zn spent bleach liquors of pine kraft puip. 

EXPERIMENTAL 

Extmckm and removd of aciriic substances 
About 1 Ii&e of s$ent liquor was continuous!y extracted with 233 nrl of &ethyl 

ether. for 48 h. (At the extraction stage spent liquors were adjus’%d to pH -2.) The 



ether extract was then shaken with two lO-ml portions of0.5 mole/l sodium hydrogen 
carbonate solution. After separation, the aqueous phase was acidified with 20 ml of 
1 mole/l hydrochloric acid and extracted with two 10-ml voIumes of pentane-diethyl 
ether (1 :Z). The combined organic phases were transferred to a 50 ml centrifuge tube 
with a screw-cap and PTFE packing, and anhydrous sodium sulphate (ca. 5 g) was 
added to it. After centrifugation, the solution was transferred, in portions, to a 15 ml 
test tube and evaporated to dryness. The sodium sulphate was rinsed with about 5 ml of 
diethyl ether, which was likewise transferred to the test tube and evaporated to 
dryness. The residue obtained was then dissolved in 0.5 ml of isooctane-ethanoI(9: 1) 
and transferredto a l-ml calibrated flask, ‘he test tube being rinsed with a small volume 
of the same solvent (not more than 0.5 ml), which was also added to the flask. After 
making it up to the mark, the so!ution was transferred to a 2-ml tube with a screw-cap 
and alumina foil packing, and stored in a refrigerator (47 for further investigations. 

lsoiation an~gurifmtion of phenolic substances 
After separation of the above ether extract from the sodium hydrogen carbonate 

phase, the extract was washed with 10 ml of ether-saturated water and then shaken 
with two lo-ml portions of 0.5 mole/i sodium hydroxide solution. The aqueous phase 
was then acidifted with 20 ml of aqueous hydrochloric acid (1 mole/l) and the procedure 
was repeated exactly as described under Extractior2 and removal of acidic substances 
after acidification of the aqueous phase. The pheooIs were likewise findly dissolved in 
isooctane-ethanol(9 : I). Forquantitativeanalysis, 25~1 ofthe isooctane-ethanol extract 
were subjected to purification by means of high-performance liquid chromatography 
on a Waters liquid chromatograph equipped with double pumps and a solvent 
programmer for gradient elution. The chromato,Qphic conditions used were: col- 
umn, 3.2 x 150 mm, Micropak-CN, 5pm; Sow-rate, 2 ml/min; mobile phase, iso- 
octane-ethanol (9 :l); detector, 8 ~1 UV cell, for measuring the absorption at 280 nm. 

An elution volume of 2 ml was collected, starting from the solvent peak, 
internal standard (2,6-dibromophenol) added, and ‘&e eluate subjected to derivatiza- 
tion (see under Derivatization below). For combined gas chromatographic-mass 
spectrometric analysis the liquid chromatographic cohunn was overloaded by injection 
of 250@ of sample. An elution volume of 5 mi was collected, evaporated to dryness 
in a stream of nitrogen and the residue diMed with 106) ~1 of isooctane+%hanol(9 : 1) 
and derivatized, 

Derivatkation 
The isooc’me extract was treated with diazoethane generated in a modified 

apparatus according to the method of Schlenck and Geliennan’. When a pale yellow 
cdour persisted (about 30 set) *be reaction vessel ~2s closed and allowed to stand 
overnight. Diazoethane reagent, 2 mixture of I ml of N-nitroso-N-ethylurea (Fhrka, 
Buchs, Switzerland), 5 ml of diethyl ether, 3 ml of aqueous potassium hydroxide (10 
moie/l) and LO ml of diethylene glycol monoethyl ether, was freshly prepared prior 
to each derivatization. 

Gas chromatography 
A Perkin-Elmer Modei 900 gas chromatograph equipped with a game ioniza- 

tion detector (FID) and electron capture detector (ECD) was used.,The chromato- 



graph was reconstructed so as to suit glass open-tubular columns with Grab-type in- 
jectors and purge gas systems used separately for l?ZD and ECD. The column used 
was an SE-30 @ass open-tubular column (25 m x 0.25 mm LD.) manufactured by 
LKB (Stockholm, Sweden). The gas shromatograph was programmed so that the 
initial temperature was 150” for 10 min followed by an increase in temperature to 
200” at 2”/min. The carrier gases used were nitrogen (FfD) and argon-methane (95:5) 
(ECD). The injector gas Bow-rate was 25 mljmin and carrier gas Bow-rate 0.5 ml/mm 
so that the split ratio was L :50. Purge gases were used to speed up the fow of the 
eluates entering the detectors, which had flow-rates of60 ml/mm (FID) and 90 ml/min 
(ECD). The injector temperature was 250”, and the manifold and ECD temperatures 
were 200” throughout the experiment. 

Gas chromatography-mass spectrometry 
Mass-spectrometric investigations were carried out using a Finn&an gas 

chromatograph (9500)-mass spectrometer (3200 F3 with an on-line computer system 
(6OClO). Gas chromatographic data were as de&bed above except for carrier gas 
(helium) fiow-rate (I .2 mI/min) and split ratio (f :25). The capillary interface and ion- 
source temperatures were 250” and 270”, respectively. Mass spectra were recorded 
every I.5 set with a speed of 225 a.m.u./sec up to 400 a.m.u. at an electron energy of 
40 eV. 

The peaks in the electron capture detected chromatograms were evaluated by 
means of a Hewlett-Packard electronic ineegrator (Model 3770 A) and the amount of 
substance (rn= mole) injected was calculated according to the formula: 

A 
m, = fx-ml---f_ 

4 

where fx is the molar response factor, mi mole the amount of internal standard, A, 
the peak area for substance x and AZ tie peak area for the internal standard. 

RESULTS AND DISCUSSiON 

Gas chromato_@zms of the various extracts are shown in Fig. 1. Chromato- 
-gram I consists of substances in the extract containing the phenolic fraction and the 
sample was taken from the spent extraction liquor of a mill producing bleached pine 
kraft pulp (mill A). Detection was carried out by means of &me ionization. In the 
corresponding chromatograms with electron zpture detection (II, Fig. I), fewer 
peks can be seen. This reduction in the number of peaks is due to the halogen spec- 
ificity of the ECD, so that only chlorinated compounds are detected. The detector 
response increases with increasing number of chlorine atoms. The extracts’ giving 
chromatograms I and II (mill A) were analyzed qualitatively, which explains the ab- 
sence of peak 3 (internal standard). 

In order to relate the substances found to the amount of pulp, hrboratory 
&Iorinat~on foZIowecl by alkali extraction was carried out on pine kraft pulp from 
mill C. Kappa numbers (a measure of residual lignin) of the pulp and pulp concentra- 
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Fig, 1. Gas chromatograms of etbyfated chIorophenoIs of ether-extracted spent b!each liquors from 
three diEei?znt plants obtained with an open-tubular cohnn. Recorder chart speed, 1 cm/min. For 
gas chromatographic conditions see under Gas ckronmograpky. 

tions were determined and the spent liquors were quantit&ively analyzed for chloro- 
phenols against an internal stzndard. Chromatogmm IV (Fig. 1) shows the results of 
the chromatography. The phenolic content of spent bleach liquors from mills A, B 
and C are in fairly good zUmment, taking into account that detection w.zs performed 
in the picogmm (lo-” g) range. Recoveries of substances found, together wi’rh blezch 
conditions of laborato_ry-bleached pulp, from mill C are listed in Table I_ 

Three main types of chlorinated phenols predominate: chloroguaiacols, 
chlorocatechob and chlorophenols (K, II and Ifl, respectively, Fig. 2) The formation 
of catechols may be caused by cleavage of the methyl aryl ether bond by the nucleo- 
phi& components of the cooking iiquofi. 

_ As expected, the concentrations of the ChiorophenoIs were higher in the spent 
extraction liquors than in the spent chlorination liquors. Furthermore, Tabte I shows 
that the concentrations of chlorinated catechols are relatively higher in the latter 
whiIe those of chlorinated ,ouaiacoIs are refativeiy bigher in the former. This is proba- 
bly due to the specific soiubiity of the substances in water, being higher for catechols 
in spent chlorination liquors at low pH than for the more lipophihc gtmiacols, which 
require alkaline conditions in order to form water-soluble salts. 

A schem&ic p_msentation of the analytical procedure is ilhrstrated in Fig. 3. fn 
order to obtzin quantitative results the recoveries of tetracbloroc%techoi and 2,4&i- 
trichlorophenol in the various steps of the procedure were calculated. Each step wzs 
then quantitativeIy analyzed by gas chromatography. Table Xl shows the recoveries 
obtained from spiked acidified aqueous solutions of the-two phenols &each step of 
the working-up procedure (cf- Fig. 3). It can be-seen that the recovery of tetrachioro- 
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Fig. 2. Deiiv2tization of va-ious chlorophenok. 
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Fig 3_ A schematic presentation of the uz&ticA pmcedurc for tk separation of&e chlorophe~oh 
fich zcids rtnd rreutra! su~ces. 



RECOVERBZS AT VARIOUS STEPS KN THE ANALYTICAL PROCEDURE ACCOPJIiNG 
IQ FIG. 3 

substance Recovery (‘$5) Mm~ber of Caeflcient 

Exfrac~ion Exrractlbn Ektraciian Total 
determin&ons of 

I (ether Il (ether V.1 
variation 

phfd phase) (ether-pentane 
(%I) 

phuse) 

2,4,GTrichlorophenol 98 94 86 79 3 6 
Tetrachlorocatechol 87 80 80 55 3 i0 

catechoI is low compared with that of2,4,6-trichIorophenoI, which is in agreement with 
the more polar cbarncrer of the former, which is more sohxble in water; 20 ok of tetra- 
chlorocatechol was lost when the ether phase (step I, Fig. 3) was extracted with 
sodium hydrogen carbonate (step IV, Fig. 3) compared with only 5% of 2,4,6-t& 
chlorophenof. The overall recoveries were 55 and 79 %, respectively. 

The molar response factors were calcnIated for 2,4&richIoroethoxybenzene 
(n = 3, VIII, Fig. 2) and tetrachloro-1,Zdiethoxybenzene (n = 4, VIE, Fig. 2) reIative 
to 2,6dibromoethoxybenne (ethylated 2,6-dibromophenol). To five separate solu- 
tions of equal concentration of these substances, the dibromophenol was added in 
varying amounts. The solutions were derivatized and the molar response factors 
c&&&d. The resuIts are shown in Table III. 

The quantitative results were based on the assumptions that the recoveries in 
the working-up procedure of various chlorocatechols were similar to that of tetra- 
chlorocatechol and that those of chloroguaiacols were similar to that of 2,4,6-t+ 
chlorophenol according to ‘Fable II. Furthermore, the molar response factors of u-i- 
and tetrachIoropheny1 ethers (Table III) were assumed to be equaI to those of 2,4,6- 
trichloroethoxybenzene and tetrachloro-1,2_diethoxybenzene, respectively. Quantita- 
tion of mono- and dichloro compounds was neglected. 

The calculated values for the recoveries are approximate, but neverthekss they 
give an c&m&ion of the contenrs of chlorophenols. Also, the response factors of the 
trichIoro compounds may differ from that of 2,4,f%richIoroethoxybenzene. 

Derivatization of the chlorophenols with diazoethane instead of diazomethane 
to form chlorophenyl ethyl ethers was carried out mainly to distinguish free phenolic 

TABLE III 

ELECTRON CAPTURE DETECTOR RESPONSE 

Substance Concentration Detected Electron capture _- 

gict~ 
---- amount 

moie/.ul 
response 

td 
&Solar Coefi_ 
resporie of 
fcctor wriation 

(%) 

2,~,~‘FrichIoroethoxyber~ene 2.06-IO? 9.2-IO-” 41 -IO-” 0.69 2.6 
Tetrzchloro-1,2-&etioxybenzene 2.02 - 10-g 6.7. IO-= 41 -IO-” 0.28 3.0 
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Fig. 4. Comparison of a GC (FJD) chromz+togram znd a GC-MS total-ion cbrom$og~~~~ with 
identical column Bow-rates (1.2 m@nin). pe compounds are ii&d in Table I. Recorder c&rt speed, 
2 cm,lmin. For GC znd GC-MS conditions see under Gas chromatogr&iy and Gar cfiramatogrqdip 
muss spectroimfry. 

grorrps from the naturally occurring methoxy groups. Deriuatkation with diazoethane 
was surprising& repraducible in a solution of fsooctane-ethanol(9:j) (ref. 5). 

For the identification of peaks obtained iz~ the ekqtron Capture detected chre 
matograms, combined gas chromatography-ma% spectrornetry waS used. The cap% 
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lary cohunn (see under Experimental) was connected to a platinum-t&~e interface 
emerg&g directly into the ion source. Mass spectra were stored by means of an on- 
line computer. A computer-reconstructed totaLion chromato_gram is shown in Fig. 4, 

in which scan numbers are pIotted against the response. 
Computer-stored mass spectra were plotted for peaks with typical chlorine 

ctusters arising from the presence of isotopes 3’C1 and 37CI occurring naturally in the 

ratio 3:I. Thus, for ions containing n chlorine atoms, a cluster of n f 1 peaks should 
be obtained with an m/e difference of 2, the ratio of the relative intensities correspond- 
ing to the coefhcients of the polynomial (3x i 1)” for x = 1. 

100 
k 
1 320 

Fig. 5. Mzss spectrum of ethyiated tetrzchIo~oguaiaco1 obtained from peak 13 (cf: Fig. 4)_ 

For example, Fig. 5 illustrates a mass spectrum of a tetrachlorinated compound 
occurring in a sample from milE B with scan number 365, which is due to peak 13 
(Fig. 4). The molecular ion (M’) is 288, which may indicate ethylated tetrachloro- 
guaiacol (n = 4, VII, Fig. 2). Peaks 6 and 10 show similar fragmentation patterns with 
two and three chlorine atoms, respectively, indicating the occurrence of di- and tri- 
chloroguaiacol in the extract. On methylating the sample from mill B, peaks 13 and 
15 (chromatogram III, Fig. 1) were reduced to one peak having a retention time iden- 
tical with tetrachloroveratrole (n = 4, V, Fig. 2), which is available at our Iaboratory. 
The mass spectrum of peak 15 was interpreted as being that of ethylated tetrachloro- 
catechol (n = 4, VII, Fig. 2) and was identical to that of an authentic specimen. 
Thus, peaks 13 and 15 correspond to tetrachloro-I-ethoxy-2-methoxybenne and 
tetrachloro-1,2_diethoxycatechol. Similarly, peaks 10 and 12 were reduced to one peak 
on methylation, with the same retention time as that of 3,4,5trichloroveratrole (iz = 
3, V, Fig. 2). This leads to ffie conclusion that peak 10 corresponds to 3,4,5trichloro- 
catechol (n = 3, II, Fig. 2) and peak 8 to either 3,4,5trichloroguaiacol (n = 3, I, 
Fig. 2) or the 4,5,6-isomer, the latter being the more plausible. The presence of a tri- 
and a tetrachloroguaiacol in spent bleach liquors has recently been verified by Rogers 
and Keith’_ 

In a search for specific compounds, the selectivity can be increased by plotting 

mass chromatograms, Le., only those peaks of compounds with ions of a certain m/e 
number are plotted. As can be seen from Fi,. = 5, the most abundant fragment is m/e 
247, which arises by the loss of ethylene and a methyl radical from the molecular ion. 



Fgs. 6a, b and c-show mass chromato_~s fix ions with n$e 225,212 and-192; v&i& 
are among the most abundant fragments of the parent ethylated tri&oroguaiac&, 
trichIor~cate&ols and dichhroguaiacols, respectively. Peaks 7; IO and II are found 
to be derived from isomers (Fig. Sa). The mass spectra of peaks 10 and 1 I are almost 
identical, but there are differences in the relative intensities of the chlorine &s&s. 

Peak 2 is 2,4,6_trichioroethoxybenzene. The mass spectrum is identicaf witi 
that of the pure compotmd. _ 

Only two isomeric trichlorocatechols are possible. The corresp&ndingethyhted 

UE l40 M/E 226 UM MASS CFROM 

b 

UE 140 M/E 212 LIM. MASS. CiiiYCW 
LE :a 
= 503 

Fig. 6. 
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s 

Fig_ 6. Computer-reconstructed limited mass chromatograms obtzked from the same run as in Fig. 
4. (a) Peaks 7,lO and 11 represent ethykted trichloroguaiacol isomers. (b) Peaks 9 ard 12 represent 
ethylated trichlorczatecho! isomers. [c) Peaks 4,s and 6 represent ethylated dichIoroguaiaco1 isomers 
uld peak I is an ethylated dichlorophenol. Scan nurnberj of the peaks are given at the top of each 
mass spectrum. 

compounds proved to be represented by peaks 9 and 12 (Fig. 6b). The peak between 
peaks 9 and IO is a trichloro compound but the mass spectrum was not distinct enough 
to permit interpretation. 

Four sharp peaks were obtained in a search for ethylated dichloroguaiacols 
(nz/e I92). Peaks 4,5 and 6 are derived from isomers, but peak 1 shows a similar frag- 

mentation pattern to peak 2. It was therefore interpreted as being due to an ethylated 
dichlorophenol. 

The mass spectrum of peak 14 indicates a monochloro compound with M’ at 
m/e 242. Peilks at (M - 2!?)+ and (M - 57)+ indicate loss of an ethyl radical fol- 
lowed by carbon monoxide. Further fragmentation showed certain similarities to 
ethylated chloroguaiacols although the spectrum is not clear. The compound is there- 
fore assumed to he monochloro-&e+rhoxy-3-methoxyphenyl ethyl ketone. Another 
monochloro compound was found between peaks I and 2 (scan 1.43, Fig. 4) Interpreta- 

. tion of the mass spectrum indicated a monochloroguaiacol. 
Finally, the mass spectrum of peak 8 showed the presence of two chlorine 

atoms and M+ 2t m/e 234. The fragmentation was similar to that ofthe chlorocatechols, 
thus indicating an ethyiated dichlorocatechol. 
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