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Determination of Organic Acids (Cl-Cl,,) in the Atmosphere, Motor Exhausts, 
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A method is described for the determination of volatile 
organic acids in the atmosphere, motor exhausts, and en- 
gine oils. Atmospheric organic acids were collected on a 
KOH impregnated quartz filter and derivatized to p -  
bromophenacyl esters. The derivatives were analyzed by 
high-resolution capillary gas chromatography and gas 
chromatography-mass spectrometry. C1-Clo aliphatic 
organic acids and benzoic acid were detected in Los An- 
geles air. Acetic and formic acids are dominant followed 
by propionic acids. Tatal concentrations measured were 
0.37-7.45 ppb. Organic acids (Cl-Clo) were also detected 
in the motor exhaust from a single automobile at idle 
conditions and showed that the distribution of individual 
acids was similar to that in the air, but the concentration 
was 17 times higher than for the average atmospheric 
content. Formic, acetic, and benzoic acids were detected 
as major species of used engine oil, but their content is 
negligible in new oil. 

Introduction 
Volatile organic acids (C1-C7), including formic and 

acetic, have been found to be the most abundant species 
among organic compounds identified in Los Angeles rain 
(I, 2). These acids probably originate from both anthro- 
pogenic and biogenic sources on the ground as well as in 
situ photochemical oxidation of organic compounds in the 
atmosphere. However, with the exception of a few isolated 
reports on formic and acetic acids, the distribution of 
volatile organic acids has not been studied in the 
atmosphere. 

Atmospheric organic acids were first reported in down- 
town Los Angeles by using a bubbler in NaOH solution 
followed by silica gel column chromatography-titration (3). 
The concentration of formic acid ranged from 0.0 to 0.41 
ppm, but that of acetic acid was not described. The re- 
ported concentration range is extremely wide, probably 
because the method is not sufficiently discriminating and 
analyzed inorganic acids also. A long-path Fourier 
transform infrared spectroscopy (FTIR) method has been 
applied to measure atmospheric pollutants, and formic acid 
has been reported at levels of 0-19 ppb in the Los Angeles 
area (4-6). However, acetic and higher acids were not 
reported in these studies cited above. Ion chromatography 
has been also used for measuring formic and acetic acids 
in the atmosphere of Tucson, AZ, after the collection with 
water film (7). The reported concentrations were 1-6 ppb. 
Activated charcoal trap followed by high-performance 
liquid chromatography (HPLC) analysis has been used for 
the determination of formic acid in air samples (8). Al- 
though studies cited are useful, they have not detected 
organic acids longer than C2, which, according to our re- 
search on rainwater (2), should be present in the 
atmosphere, and furthermore, they do not discriminate 
between gaseous and particulate phases. 

In this paper, we describe a sensitive capillary gas 
chromatography method for the determination of volatile 

t Institute of Geophysics and Planetary Physics Contribution No. 

3 Present address: Chemistry Department, Woods Hole Oceano- 
2601. 

graphic Institution, Woods Hole, MA 02543. 

organic acids (CI-Clo) in the atmosphere and motor ex- 
hausts which were trapped on an alkaline-treated 
quartz-fiber filter. A scavenging method employing bub- 
bling into KOH solution was initially tried for the trapping 
of atmospheric organic acids. However, the efficiency of 
trapping was found to be inadequate as more than 55% 
of the organic acids were captured in the second trap. 
Engine oils (new and used) were also analyzed for organic 
acids. 

Materials and Methods 
A volatile acid mixture (C1-C7, 10 mM each in water) 

and benzoic acid were purchased from Supelco (Bellefonte, 
PA) and Sigma Chemical Co. (St. Louis, MO), respectively. 
a,p-Dibromoacetophenone and dicyclohexyl-18-crown-6 
were purchased from Aldrich Chemical Co. (Milwaukee, 
WI) and purified on a silica gel column (2). KOH was used 
after heating at  500 "C for 4 h. Pure water was prepared 
by oxidizing organic impurities in distilled water with 
KMn04/KOH in a boiling flask. Organic solvents were 
distilled in all-glass apparatus prior to use. Quartz-fiber 
filters (25 cm X 21.5 cm) were purchased from Pallflex 
Products Corp. (Putnam, CT) and were cut into 47-mm 
diameter disks. The trapping efficiency of 0.3 pM dioctyl 
phthalate on the filter quoted by Pallflex products Corp. 
is 99.77%. The filters were heated at  500 "C for 3 h to 
remove organic contamination, rinsed in 0.18 N KOH so- 
lution, and then dried in an oven at  80 "C. 

Sampling. Air samples were collected on the roof of 
the Geology Building on UCLA campus, Los Angeles, CA. 
KOH-impregnated filters were set in Nuclepore filter 
holders (47 mm), which were each connected to a flow- 
meter and pump with a short (50-cm) Tygon tube, as 
shown in Figure la. To discriminate particulate and 
gaseous phases, a nonimpregnated filter was used together 
with an alkaline filter (Figure la). Samples were collected 
on the filter by pumping the air at flow rates of 10 L/min 
for times ranging from 4 to 24 h. During sampling, each 
filter holder was protected with aluminum foil from sun- 
light, which may cause photooxidation reactions on the 
trapped material. A Thomas air pump (Sheboygan, WI) 
was used. 

Automobile exhaust was collected by using a Toyota 
Corolla model engine on the KOH-impregnated quartz 
filter, which was set in a Millipore holder (SWINNEX-47, 
47 mm) as shown in Figure lb. The filter was connected 
to a glass tube (5.5 mm o.d., 30 cm long), whose other end 
was introduced in the muffler of the car. Sampling was 
performed while the engine was idling for 30 min, at a flow 
rate of 10 L/min. 

Recovery Test. Recovery tests were examined by using 
a U-shaped glass tube (5.5 mm o.d., 30 cm long), as shown 
in Figure IC. An organic acid standard solution (20 hL) 
was injected in the U-tube. Immediately following, 
pumping was started at a flow rate of 1.0 L/min for the 
first 30 min and then 10 L/min to trap the authentic acids 
on a KOH filter. In order to remove organic acids from 
the air stream, two KOH-impregnated filters in Nuclepore 
holders were attached to the top of the U-tube with Teflon 
tubing. Because Tygon tubing was found to release acetic 
acid as a contaminant, it should not be used in front of 
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Table I. Gas Chromatographic Conditions for Determining 
Phenacyl Esters of Volatile Acids 

GC Hewlett-Packard Model 5840 gas 
chromatograph 

integrator Hewlett-Packard Model 18850A GC 
terminal 

column 
30 m 

column temperature 
30 "C/min and then to 295 "C at  8 
OC/min 

fused silica capillary (DB 5) 0.25 mm X 

programmed from 40 (6 min) to 160 OC at 

injection temperature 200 "C 
FID temperature 300 OC 
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Figure 1. Sampling apparatus for the air (a), motor exhausts (b), and 
authentic organic acids (c). 

the filter. Pumping time was varied from 90 min to 12 h. 
GC Analysis of p-Bromophenacyl Esters of Volatile 

Acids. After the solutions were sampled, filters were ex- 
tracted with pure water (5 mL X 3) under ultrasonification. 
The combined extracts were centrifuged and passed 
through a cation-exchange column (Bio-Rad AG 50W-X4, 
100-200 mesh, K+ form) (2). The solution was pH adjusted 
to 8.0-8.5 with 1 N HC1 for the KOH/filter extracts and 
with 1 N KOH for the non-KOH/filter extracts, and or- 
ganic acids were determined by a method of Kawamura 
and Kaplan (2). Briefly, the solution was dried in a rotary 
evaporator followed by nitrogen gas blow down, and car- 
boxylates (RCOO-K+) were esterified in acetonitrile solu- 
tion with a,p-dibromoacetophenone (reagent, 50 pL of 0.2 
pmol/ML in benzene) and dicyclohexyl-18-crown-6 (ca- 
tatalyst, 50 FL of 0.02 pmol/pL in acetonitrile) a t  80 "C 
for 1 h. The esters were purified on a silica gel column and 
analyzed by capillary gas chromatography using a DB 5 
column. Table I lists gas chromatographic conditions. A 
Finnigan Model 4000 gas chromatography-mass spec- 
trometry (GC-MS) was used with the same column to 
obtain the mass spectra of volatile acid phenacyl esters. 

Engine oils (Chevron 15/50) were also analyzed for or- 
ganic acids. One milliliter of new and used (ca. 5000 km) 
oils was diluted with 4 mL of CHzCIB and then extracted 
with 0.005 N KOH solution (5 mL X 3). The extracts were 
combined, pH adjusted to 8.0-8.5, and analyzed as de- 
scribed above. 

C1-C7 organic acids and benzoic acid in the samples were 
identified by comparing gas chromatographic retention 
times and mass spectra of their phenacyl esters with those 
of authentic standards (2). C8-Clo acids were tentatively 
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Figure 2. Recoveries of authentic organlc acids (C,, CI, C5, and C,) 
from a KOH-impregnated filter during pumping. 

identified by a characteristic mass fragment (M - 213) of 
the homologous series of volatile acid phenacyl esters. 

Results and Discussion 
Trap Efficiencies of Authentic Organic Acids on 

KOH Filter. Figure 2 shows recoveries of C1, C3, C6, and 
C7 acids, as example, which were trapped on the KOH- 
impregnated filter. Recoveries are 7142% (average 78 f 
5 % )  at 90 min and 7442% (average 77 f 4%) at  17 h. 
They did not decrease with time, indicating that the or- 
ganic acids, once trapped on the KOH filter, can remain 
there during the sample collection. During collection, no 
significant fractionation was obtained among C1-C7 acids. 

Trap Efficiencies of Atmospheric Organic Acids 
on Stepwise Filters. In order to check trap efficiencies 
for atmospheric organic acids, air samples were collected 
on three filters which were set in the combined filter 
holders. The first filter was prewashed with pure water 
to make the filter surface neutral and to separate fine 
particles on the filter. The second and third were im- 
pregnated with KOH. Table I1 gives the concentrations 
of atmospheric organic acids trapped on three filters. The 
first (neutral) filter shows low concentrations of organic 
acids, whereas the second (KOH-impregnated filter shows 
high concentrations. Total concentrations of Cl-C9 organic 
acids on the first filter are less than 17% of that of total 
recovered acids. These results indicate that organic acids 
in the atmosphere can mostly pass through the neutral 
filters but are trapped on alkaline filters, suggesting that 
atmospheric organic acids are largely present in the vapor 
phase. However, as the amount captured on the first filter 
range from 2% to 17% of the total recovered organic acids, 
the particulate to gaseous phase ratios of organic acids may 
change depending on atmospheric conditions. 

The organic acid concentrations for the third filter are 
low compared with that of the second filter. The per- 
centage of organic acids trapped on the third filter to those 
on the second filter is less than 25 % , except for C8, C9, and 
benzoic acids. For the total organic acids, the percentage 
is within 10%. This result indicates that organic acids in 
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Table 11. Concentrations of Atmospheric Organic Acids (C&) Trapped in Stepwise Quartz Filters with and without KO" 

organic acids, ppb 
samples (time PDT) C1 Cz C3 iC4 c4 C5 c6 C, C8 C9 Benz total 

1st filter (no KOH) BB 0.009 0.001 ND 0.0004 0.0004 0.001 ND 0.001 0.001 BB 0.014 
2nd filter (KOH) 0.206 0.545 0.035 0.005 0.012 0.006 0.011 0.004 0.005 0.007 0.004 0.840 
3rd filter (KOH) 0.002 0.003 0.003 0.0004 0.001 0.0004 0.001 0.001 0.002 0.003 0.002 0.019 

3rd/2nd, % 1 1 9 8 8 7 9 25 40 43 50 2 

1st filter (no KOH) 0.059 BB ND ND ND ND ND ND 0.0002 ND ND 0.059 
2nd filter (KOH) 0.349 0.612 0.051 0.006 0.015 0.008 0.008 0.004 0.005 0.003 0.007 1.068 

6/ 10-1 I/ 84( 1925-1032) 

lst/total, % 2 3 3 6 8 13 10 2 

9/20/84(1057-1757) 

lst/total, % 14 4 5 
9/21/84(1045-1815) 

1st filter (no KOH) 0.161 0.147 0.003 ND ND ND 0.004 ND 0.003 0.002 ND 0.320 
2nd filter (KOH) 0.428 0.842 0.068 0.001 0.018 0.009 0.016 0.006 0.007 0.006 0.008 1.409 
3rd filter (KOH) 0.017 0.095 0.007 ND 0.003 0.002 0.004 0.001 0.002 0.001 0.003 0.135 
lst/total, % 27 14 4 17 25 22 17 
3rd/2nd, % 4 11 10 17 22 25 17 29 17 40 10 

a Benz, benzoic acid; BB, below blank; ND, not detected. 

Table 111. Triplicate Analysis of Atmospheric Organic Acids Collected on Sept 24-25 (1215-1344)) 1984, at Los Angeles 

organic acids, ppb 
sample no. C, Cz C3 iC4 C4 C5 c6 C7 C8 CB Clo Bema total 

1 1.34 2.49 0.154 0.024 0.045 0.019 0.028 0.010 0.012 0.009 0.003 0.015 4.15 
2 1.06 2.11 0.126 0.021 0.042 0.019 0.029 0.010 0.015 0.008 0.004 0.014 3.46 
3 1.27 2.44 0.138 0.022 0.043 0.019 0.030 0.010 0.013 0.009 0.003 0.015 4.00 
mean (a)  1.22 2.35 0.139 0.022 0.043 0.019 0.029 0.010 0.013 0.009 0.003 0.015 3.87 
SD (Sx) 0.15 0.21 0.014 0.002 0.002 0 0.001 0 0.002 0.001 0.001 0.001 0.36 
S x / r ,  % 12 9 10 9 4 0 3 0 11 6 17 4 9 

a Benz, benzoic acid. 

Table IV. Organic Acids in the Los Angeles Atmosphere, Motor Exhausts, and Engine Oilsa 

samples 

atmosphere 
7/16/84 (1205-1825) 
7/23/84 (1030-1655) 
7123-24/84 (1655-0945) 
9124-25/84 (1215-1344) 
9/27/84 (1310-1731) 
9/27-28/84 (1734-1006) 
9/28/84 (1008-1901) 
9/28-29/84 (1925-1800) 

motor exhaustb 
engine oil, nmol/mLC 

used 
new 

organic acids, ppb 
C1 Cz C3 iC4 C4 C5 c6 C7 C8 Cg Clo Benz total 

0.896 
0.101 
0.066 
1.22 
0.395 
0.497 
2.98 
1.69 
9.30 

1.16 
0.287 
0.262 
2.35 
0.600 
1.58 
3.90 
1.01 
31.81 

0.125 
0.034 
0.019 
0.139 
0.054 
0.111 
0.305 
0.055 
1.22 

0.011 
0.003 
0.003 
0.022 
0.007 
0.014 
0.031 
0.005 
0.056 

0.038 
0.014 
0.006 
0.043 
0.016 
0.029 
0.083 
0.016 
0.123 

0.021 
0.008 
0.004 
0.019 
0.008 
0.014 
0.033 
0.008 
0.045 

0.024 
0.008 
0.006 
0.029 
0.011 
0.025 
0.044 
0.019 
0.063 

0.014 
0.005 
0.002 
0.010 
0.004 
0.008 
0.017 
0.006 
0.047 

0.014 
0.004 
0.002 
0.013 
0.005 
0.010 
0.021 
0.011 
0.078 

0.009 
0.003 
0.0009 
0.009 
0.002 
0.005 
0.011 
0.006 
0.052 

0.004 
0.001 
ND 
0.009 
0.001 
0.002 
0.003 
0.002 
0.020 

0.008 
0.001 
0.001 
0.015 
0.004 
0.012 
0.026 
0.014 
0.164 

2.32 
0.469 
0.372 
3.88 
1.11 
2.31 
7.45 
2.84 
43.0 

836 145 19 2.3 3.4 2.4 ND ND ND ND ND 45.3 1050 
1.9 5.3 5.6 ND 1.0 ND ND ND ND ND ND ND 13.9 

"Benz, benzoic acid; ND, not determined. *Toyota Corolla 1982 model (gasoline engine). CChevron 15/50 motor oil. 

the atmosphere are trapped mostly on a single KOH-im- 
pregnated filter. On the basis of a method of Smith (9), 
overall trapping efficiencies of gaseous organic acids on the 
second and third KOH filters combined are estimated to 
be 99.9% (6/10-11/87 air) and 99.1% (9/21/84 air), 
wereas for the second filter alone, they are 98% and 91 % , 
respectively. 

Reproducibility and Blank. To check the reproduc- 
ibility of this air sampling technique, triplicate samples 
were collected on KOH-impregnated filters. The results 
are shown in Table 111. Relative standard deviation to 
average concentrations of total organic acids are within 
f 9 %  (up to 17% for individual acids), indicating that this 
method is reproducible. 

Procedural blanks were run together with the samples. 
Formic and acetic acids have appeared as major contam- 
ination on the gas chromatogram and propionic acid as a 
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minor contaminant. However, their amounts are usually 
less than 5% of the samples. Other organic acids were not 
detected in the blanks. Data presented here are corrected 
for the pocedural blanks. 

Distribution of Organic Acids in the Atmosphere. 
Figure 3 shows a gas chromatogram of p-bromophenacyl 
esters for volatile acids in the atmosphere. C&, aliphatic 
organic acids and benzoic acid were identified and/or 
tentatively identified by retention times and mass frag- 
mentation patterns of authentic standards. Generally, 
acetic acid is the most abundant species followed by formic 
and propionic acids. Concentrations appear to decrease 
with an increase in chain length. Qualitative distribution 
of atmospheric organic acids is quite similar to that of rain 
and fog samples collected in Los Angeles (2), except that 
formic acid is always more abundant than acetic acid in 
fog samples. 



Retention time 

60- 

40 

20 0 

Flgure 3. Gas chromatogram of p-bromophenacyl esters for organic 
acids in the atmosphere. Sample: 7/6/1984, air (3.8 m3). One 
microliter was injected from 50 pL of ester solution in hexane. 

Table IV gives concentrations of organic acids in the 
atmosphere and motor exhausts as well as motor engine 
oils. The concentrations in Los Angeles atmosphere ranged 
from 0.37 to 7.45 (average 2.59 f 2.30) ppb (parts per 
billion), which correspond to 1000-19 600 ng/m3 (average 
of 6800 f 6000 ng/m3). These values are extremely high 
compared with long-chain (Cio-C30) carboxylic acids. 
Simoneit and Mazurek (10) reported that atmospheric 
concentrations of C12-C30 fatty acids were 217-308 ng/m3 
(average 260 f 50 ng/m3) in urban Los Angeles areas. The 
average concentration of short-chain organic acids is more 
than 25 times higher than that of long-chain fatty acids 
in the atmosphere. Kawamura and Kaplan (2) by com- 
parison observed in the rain samples of Los Angeles that 
volatile orgnic acids were 40-300 times higher than long- 
chain fatty acids. 

The concentrations of formic acid in Los Angeles air 
which we measured are lower (0.07-3.0 ppb) than those 
(0-19 ppb) measured at downtown Los Angeles and Riv- 
erside by spectroscopic (long-path FTIR) methods (4-6). 
The difference may be caused by a difference in sampling 
location. Downtown Los Angeles and Riverside areas are 
much more polluted than the west Los Angeles area 
(UCLA campus). Dawson et al. (7) measured formic and 
acetic acids in the air a t  a site 16 km NW of Tucson, AZ, 
at levels of 1.5-3.5 and 1-6 ppb, respectively. These values 
are higher than our results (see Table IV). There is a 
possibility that Dawson et al. have overestimated the true 
concentration because the collection methods capture both 
free organic acids and other gaseous compounds that hy- 
drolyze or oxidize to the acids upon collection or analysis, 
such as formaldehyde and acetaldehyde which are abun- 
dantly present in the air (11,12). On the other hand, the 
KOH-impregnated filters we use probably do not trap 
aldehydes; thus, they will not be oxidized to the acids when 
the filter is extracted with water. 

Presence of Organic Acids in Motor Exhaust and 
Engine Oil. Organic acids (C1-Clo) were detected in 
motor exhausts, as shown in Table IV. Their distribution 
is similar to that for air samples, except for a relatively high 
amount of benzoic acid. Acetic acid is predominant fol- 
lowed by formic acid and propionic acid. These acids are 
probably produced by incomplete combustion of gasoline. 
Their concentration in the exhaust is 43 ppb, which is 17 
times higher than the average concentration of atmospheric 
organic acids. Because the exhaust sample in this study 
was collected at idling conditions of the engine, it may not 
be representative of exhausts from road-running vehicles. 
However, these results suggest that motor exhausts are 
important sources of organic acids in the atmosphere, in 
addition to possible photochemical production of organic 

% Engine Oil 

- J Used 

- , 1:, , 

Los Angeles Air c2 
T 

ic4 6" 
I ? \ ,  " '5 , '6 , '7 * .  ' 8  '9 . '10 . i 

acids from atmospheric organic compounds such as al- 
dehydes (6).  

C1-CI organic acids were identified in both new and used 
engine oils. However, benzoic acid and C5 acid were only 
detected in used oil. Furthermore, total concentration of 
organic acids is very high (ca. 1000 nmol/mL) in used oil 
but low (ca. 14 nmol/mL) in new oil, as shown in Table 
IV. These results clearly indicate that large amounts of 
organic acids are produced from engine oil and/or gasoline 
in the combustion chamber during engine use and then 
scavenged to some degree into the film of lubricating oil. 
The organic acids produced in engines are probably re- 
leased to the atmosphere as motor exhausts or by fugitive 
escape. Although formic acid is more abundant than acetic 
acid in used engine oil, it is less abundant than acetic acid 
in the motor exhaust sample (see Table IV). Such a dif- 
ference could be associated with vehicle operating condi- 
tions; that is, the motor exhaust was collected in an idling 
mode, whereas the used engine oil had been largely pro- 
duced under driving conditions. It is also possible that 
formic acid in the exhausts may not be effectively collected 
on the KOH-impregnated filter because the high tem- 
perature of the exhausts may decrease the trap efficiency 
of formic acid on the KOH-impregnated filter. Further 
tests are being conducted with automobiles that simulate 
driving conditions by use of chassis dynamometers. 

Figure 4 compares the distributions of C1-Clo organic 
acids and benzoic acid in the air, motor exhausts, and 
engine oil samples. Although benzoic acid was detected 
in all the samples except for new engine oil, its distribution 
is different among the samples. In the air samples, benzoic 
acid is less abundant than C1-C6 acids, whereas it is more 
abundant than c4-c8 acids in the motor exhausts and 
C3-C8 acids in the used engine oil (Figure 4). Benzoic acid 
is probably produced in motor engines by oxidation of 
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toluene and other aroma& structures in gasoline and en- 
gine oil and released to the atmosphere. 

Advantages of This Method. Because the present 
KOH filter/capillary GC method is very sensitive, several 
hours sampling or a few cubic meters of an air sample is 
enough for the determination of C1-Clo organic acids and 
benzoic acid in the atmosphere. This method has advan- 
tages over previously reported methods (FTIR and water 
fiim/ion chromatography) that cannot detect organic acids 
longer than C2 due to their low sensitivity and/or analytical 
limitation. Furthermore, organic acids in the atmosphere 
can be easily identified as their p-bromophenacyl esters 
by using gas chromatography-mass spectrometry, due to 
their characteristic fragmentation patterns. 

Conclusions. Short-chain aliphatic monocarboxylic 
acids (C1-Clo) and benzoic acid were identified in Los 
Angeles air by capillary GC and GC-MS methods em- 
ploying p-bromophenacyl esters of the acids. Their dis- 
tributions are characterized by a predominance of acetic 
and formic acids followed by proprionic acid. They were 
found to be present mostly in vapor phase. The particulate 
forms were less than 17% of the total (particulate plus 
gaseous) organic acids for the samples of air tested. Total 
concentrations of organic acids ranged from 0.37 to 7.45 
ppb in the Los Angeles atmosphere. The wide range of 
concentrations (over an order of magnitude) suggests that 
the concentration levels may be largely controlled by 
meterological conditions and/or time of day. Motor ex- 
haust is suggested as being one of the major sources of 
atmospheric organic acids; however, this does not preclude 
an importance of the secondary production of organic acids 
in the atmosphere by photochemical reactions. 
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Microbial Degradation of Chlorolignins 
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Sulfate pulping and conventional bleaching of spruce 
wood, which had been labeled with 14C in the lignin com- 
ponent, gave rise to 14C-labeled chlorolignins. High relative 
molecular mass fractions of both the chlorination (C) and 
alkali extraction (E) stages were obtained by ultrafiltration 
(cutoff at 1000 daltons). The degradation of these labeled 
chlorolignins was studied by measuring evolved 14C02 using 
two different bacterial mixtures, isolated from aerated 
lagoons receiving spent bleach liquors, and the white-rot 
fungus Sporotrichum pulverulentum. The results ob- 
tained showed that the bacterial consortia degraded high 
molecular mass chlorolignins only very slowly, less than 
4% of the 14C material being converted to 14C02 within 3 
months. However, the fungus degraded the same material 
much more rapidly, 35-45% of available 14C being con- 
verted to 14C02 within 2 months. 

Introduction 
In the most commonly used process for chemical pulp 

production, the wood is treated at elevated temperature 
with a mixture of sodium hydroxide and sodium sulfide 
(the kraft process). This treatment removes approximately 
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90% of the lignin, leaving a fibrous residue which, for 
bleaching purposes, is further delignified in chlorination 
and alkaline extraction stages. 

In recent years, a comprehensive investigation of the 
chemical composition of waste waters from pulp bleach 
plant effluents has taken place ( I ) .  From an environmental 
viewpoint, compounds with a relative molecular mass of 
less than 1000 daltons are of particular interest. Such 
compounds can penetrate the cell membranes of aquatic 
organisms and are both acutely toxic and genotoxic (2) .  
However, high relative molecular mass material in spent 
bleach liquors, Le., chlorolignins, will adversely affect the 
environment only if such chlorolignins are first degraded 
to low molecular mass units. It should be noted that a 
major part of the organic material in spent bleach liquors 
is of high relative molecular mass. 

In a recent investigation, Neilson et al. (3) found that 
monocultures of bacteria, isolated from waters subjected 
to discharge of spent bleach liquors, generated various 
chlorinated veratroles from spent bleach liquor material. 
Eriksson et al. (4)  reported that the high molecular mass 
material in spent liquors from both the chlorination and 
alkali extraction stages was chemically unstable and slowly 
decomposed to yield various chlorinated catechols and 
guaiacols. The same authors (4 )  also observed the for- 
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