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RESEARCH NOTE 

STABILITIES OF CARBOXYLIC ACIDS AND PHENOLS IN 
LOS ANGELES RAINWATERS DURING STORAGE* 
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Abstract-Concentration changes of acidic organic compounds (volatile aliphatic acids, fatty acids, 
aromatic acids and phenols) in rainwaters collected in Los Angeles, Calif., were studied during storage 
experiments (up to 45 days). Carboxylic acids decreased with time in the order: benzoic acid < fatty 
acids < volatile acids. Although the observed losses have not been shown to result from microbial 
degradation, such a process is highly likely. Degradation of these acids, especially formic and acetic acids 
which are major components may result in a pH increase, during storage of rain. By contrast, toluic acids 
and phenols did not show a decrease in concentration even after 2 weeks storage. 

Key words--carboxylic acids, phenols, storage rainwater samples, stability of organic acids, microbial 
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INTRODUCTION 

Recently, studies of rainwater collected in different 
areas reported a number of organic compounds, 
including hydrocarbons, ketones, alcohols, carboxy- 
iic acids, aldehydes, phenols, amines, carbohydrates 
and amino acids (Galloway et al., 1976; Lunde et al., 
1977; Zafiriou et al., 1980; Meyers and Hites, 1982; 
Likens et al., 1983; Keene et al., 1983; Norton et al., 
1983; Kawamura and Kaplan, 1983, 1984, 1986; 
Kawamura et al., 1985; Steinberg and Kaplan, 1984; 
Ligocki et ai., 1985; Leuenberger et al., 1985 and 
others cited therein). These organic compounds origi- 
nate from biogenic and anthropogenic sources, as well 
as photochemical reactions in the atmosphere. 

Organic compounds in rainfall are subjected to 
geochemical and biogeochemical processes in soil and 
aquatic environments: among them biodegradation 
may be the most important. There have been no 
studies reported on the fates of organic compounds 
in stored rainwater, except for formic and acetic acids 
(Herlihy et ai., 1987). In this study, we conducted 
storage experiments of rainwater collected from Los 
Angeles and traced the concentrations of organic 
compounds including volatile organic acids, fatty 
acids, benzoic acids and phenols. These oxygenated 
compounds have been reported as major organic 
species in urban Los Angeles rainwater (Kawamura 
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and Kaplan, 1984, 1986). Here, we discuss stability 
of carboxylic acids and phenols in urban rainwater 
during storage. 

EXPERIMENTAL 

Two rain samples (26 March 1982 and 17-18 April 1983) 
were used in this study. Both samples were collected on the 
roof of the Geology Building at the UCLA campus in Los 
Angeles, Calif., using metallic rain collectors (Kawamura 
and Kaplan, 1983). No poison was added to the rainwater 
during sample collection. Storage experiments were con- 
ducted using fresh rain samples. Prior to the experiment, 
rainwater samples were not inoculated with bacteria or 
other microorganisms; however, rainwater contains micro- 
organisms which are scavenged from the atmosphere (Her- 
lihy et aL, 1987) and possibly wind blown dust. 

The storage experiment of 26 March 1982 rain (c. 9 I.) was 
started immediately after sample collection in a 201. clear 
glass bottle with an aluminum foil cap at 22~C. About a 1 
liter aliquot of sample was taken from the 201. bottle at the 
times of 0, 0.5, 1, 2, 3, 6 and 14 days, after vigorous shaking 
of the bottle. The bottle was shaken by hand every day to 
supply air to the rainwater. The collected aliquot was 
acidified to pH I with HC! (which was pre-extracted with 
CH2CI2) and then analyzed for aliphatic acids, aromatic 
acids and phenols by a method of Kawamura and Kaplan 
(1986). Briefly, the sample was extracted in a separatory 
funnel with CH2C!2 using a continuous steam distilla- 
tion-extraction apparatus. The extracts were combined and 
the acidic components (carboxylic acids and phenols) were 
separated into i M KOH solution. They were back-ex- 
tracted into the CH2C! 2 layer after acidifying the alkaline 
solution. The acidic fraction was then methylated with 14% 
BF~ in methanol. The methylated fraction (methyl esters and 
phenols) were analyzed with a Hewlett-Packard Model 5840 
gas chromatograph (GC) equipped with a fused silica DB-5 
capillary column and an FID detector. 

The storage experiment of 17-18 April 1983 rain (c. 31.) 
was conducted in a 41. brown glass bottle at 22=C. A 
Teflon-lined cap was used to avoid loss of volatile acids from 
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the bottle. About 100 ml of rain were taken in a 200 ml 
brown glass bottle with a Teflon-lined cap at the times of 
0, 2.7 and 45 days. The samples were poisoned with HgCl, 
and stored in a freezer prior to analysis. These samples were 
analyzed only for low molecular weight monocarboxylic 
acids (C~-C9). Fifty ml of rain were pH-adjusted to 8.0--8.5 
with 1 M KOH solution and concentrated to c. 2 ml by 
rotary evaporation under vacuum. The sample was passed 
through a cation exchange resin column to convert the acid 
to potassium carboxylate (RCOO- K + ) form. The carboxy- 
lates were then derivatized to p-bromophenacyl esters 
with ~cp-dibromoacetophenone and a crown ether (cata- 
lyst). The phenacyl esters were cleaned on SiO z column and 
were determined by capillary GC. Details of volatile acid 
analysis are presented elsewhere (Kawamura and Kaplan, 
1984). 

Identification of GC peaks was performed by comparison 
of GC retention times with those of authentic standards. 
The compounds reported here are also identified by GC-MS 
analyses. Analytical errors were within 25*/. for C~--C, 8 fatty 
acids. Procedural blanks showed contamination peaks of 
C~6 and Ct8 fatty acid methyl esters and formic and acetic 
acid p-brophenacyl esters, but they were negligible and did 
not affect the results, except for samples incubated for long 
periods. The data presented here were corrected for the 
blanks. 

R E S U L T S  

Aliphatic Ct-Cz~ saturated monocarboxylic acids, 
unsaturated C~6:~, C~s:~ and C~8:2 fatty acids, benzoic 
acid, toluic acids (3-methyibenzoic and 4-methylben- 
zoic acids), phenol, 2-methylphenol, 3-methylphenol, 
2-nitrophenol and 2-nitro, 4-methylphenoi were 
detected in the rainwater samples studied. Figure 1 
shows the molecular distribution of volatile acids 
(C~--C9) in the 17-18 April 1983 rain. Their distri- 
bution is characterized by the predominance of  acetic 
and formic acids followed by propionic acid. Total 
concentration of the acids in the fresh rain sample 
was 180gg/l. This value is lower than the volume- 
weighted mean concentrations of volatile organic 
acids in 1982-1984 Los Angeles rain (360 gg/I, Kawa- 
mura et al., unpublished data). 

Distributions of  solvent-extractable carboxylic 
acids and phenols are given in Fig. 2, for the 
26 March 1982 rain. The Cy-C28 monocarboxylic 
acids (12/tg/l) show bimodal distribution with max- 
ima at C6 and C~6. The Cj--C4 acid concentrations are 
generally more than 40 times higher than longer- 
chain acids (>C~0) (Kawamura and Kaplan, 1984). 
The fatty acids (>Ct0) show a strong even/odd 
predominance, an evidence of  biogenic origin from 
cell membrane lipids. Aromatic acids, dominated by 
benzoic acid, are major extractable acidic com- 
ponents (8.6/tg/l). Phenols are also major com- 
ponents of  the acidic fraction (13 pg/I), phenol being 
the dominant species. However, the relative distri- 
butions of  these organic compounds changed in the 
course of incubation experiments. 

Volatile aliphatic acids (Ct--Clu) 

Figure 3 gives changes in the concentrations 
of Cj-C9 aliphatic acids in the 17-18 April 1983 
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Fig. I. Molecular distributions of CI--C 9 monocarboxylic 
acids in the 17-18 April 1983 rainwater (fresh and 7 

days-stored samples). 

rainwater during storage. Their concentrations 
decreased with time and after 7 days, only 16% of  
the initial amount remained in the rainwater. In 
45 days, C4-C 9 acids were not detected, although 
small amounts of Ct--C3 acids were present. A similar 
pattern was obtained for Cr-C~0 acids during storage 
experiment of  the 26 March 1982 rain sample (see 
Figs 2 and 4). 

Fatty acids (Ctt-C_,s) 

Concentrations of long-chain fatty acids decrease 
during the first 2 days, similar to volatile acids. 
However, they started to increase after 3 days and 
showed a maximum in 6 days (Fig. 4). This pattern 
is different from those of C~--C9 acids (Fig. 3) and 
C~--C~0 acids (Fig. 4), and probably results from 
contamination by microbial cell membrane lipids. 

Aromatic acids 

In the 17-18 April 1983 rain sample, the concen- 
tration of benzoic acid did not change for the first 2 
days, but slightly decreased in 7 days (60% remained) 
(Fig. 3). After 45 days, benzoic acid was not detected. 
A similar trend was observed for the 26 March 1982 
rain sample, although the concentration of benzoic 
acid decreased by 22% in 6 days (Fig. 4). However, 
the amounts of  toluic acids (methylbenzoic acids) 
remained almost constant throughout this period 
(Fig. 4). 



Research Note 1421 

a 

O 

U 

Fresh rain { 3 / 2 6 / 8 2 )  

Cl 

C s  

Af ter  6 days 

C l s  

I' I 

I, .  11 • I 

C18:1 ÷ Cls:2 

, /  
I 
I 
I 
I 

COOH 

OH 

COON 

COON OH 

Cls:1 

12 t4  16 t 8  

~ i m m 

o i , , i , ,  , , , 
6 8 I0 20 22 24 26 28 

Aromatic 
acids 

,,I 
PhenoLs Fatty acids (carbon numbers) 

Fig. 2. Distributions of solvent-extractable carboxylic acids and phenols in the 26 March 1982 rainwater 
(fresh and 6 dayHtored samples). 

Phenols 

Distribution of  phenols did not show a signifi- 
cant change with time during the storage experiment 
(Fig. 2). Thus, their total concentration was almost 
constant (Fig. 4). Due to the decrease in the concen- 
trations of Cs--Cj0 aliphatic acids and benzoic acids, 
phenols became the dominant compound class in the 
acidic fraction of  the rainwater during prolonged 
incubation (Figs 2 and 4). 
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Fig. 3. Changes in the concentrations of Ci-C, aliphatic 
acids and benzoic acid during the storage experiment of the 

17-18 April 1983 rainwater. 

DISCUSSION 

The present results clearly indicate that short-chain 
acids disappear rapidly from rainwater when the 
sample is stored at room temperature without poison. 
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Selective degradation of organic compound classes 
was apparently observed in the course of incubation 
experiments of rainwater. The stability of organic 
compounds increases in the following order: volatile 
acids < fatty acids < benzoic acid < toluic acids = 
phenols. We did not perform microbiological tests 
to determine if microbial uptake or alteration was 
responsible for the observed loss of  the acids in these 
experiments. However, it is highly likely that the 
compositional changes were due to microbial degra- 
dation and re-synthesis of organic matter. This is 
consistent with a previous study where numbers of 
bacteria in rainwater increased logarithmically during 
storage at room temperature within 2-5 days and that 
they utilized formic and acetic acids (Herlihy et al., 
1987). 

Because volatile organic acids dominated by C~, C2 
and C 3 are the most abundant organic species in 
rainwater (followed by volatile aldehydes and dicar- 
boxylic acids) and are potential contributors to the 
free acidity of rainwater (Keene et al., 1983; Kawa- 
mura et al., unpublished results), degradation of these 
acids would cause a decrease in acidity, and thus an 
increase in the pH value of  the water (unfortunately, 
pH was not measured in this study). In fact, Dugan 
and Ekern (1984) reported an increase in pH value 
(0.5 pH unit: average of c. 50 rain samples) during a 
storage of rain samples at 21°C for up to 4 weeks. 
They considered the pH increase to b¢ due to 
biodegradation of organic acids. 

Microbial resynthesis o f  organic matter 

Microbial consumption of short-chain organic 
acids should result in an increase of microbial popu- 
lations in the rainwaters. The possible microbial 
growth may be associated with an increase in higher 
molecular weight fatty acid concentrations observed 
in this study (Fig. 4). Branched chain fatty acids, 
which are characteristic of  bacterial lipids (Kaneda, 
1977), increased during incubation of the 26 March 
1982 rain relative to normal-chain acids: branched 
(iso + anteiso) C~5 to normal Czs acid ratio increased 
from 2.7 ( t ime=0) to 6.2 ( t ime=2 days). This 
result is consistent with the bacterial utilization 
of small acids and the subsequent re-synthesis of 
organic matter in the stored rainwater (Herlihy et al., 
1987). 

The concentration of linoleic acid (Czs:2), which 
is an essential algal lipid component and is not 
generally present in bacteria (Hitchcock and Nichols, 
1971; Kaneda, 1977), showed a maximum in 6 days 
during the storage experiment (26 March 1982 
rain). This result suggests that micro algae, probably 
scavenged from the atmospheric particles by rain 
droplets, have grown in the rain stored in a clear 
glass bottle (lights were on during day time). In 
contrast to the maximum of algal lipids such as C~s:2 
acid in 6 days, the ratio of branched to normal C]5 
acids showed a minimum (ratio--2.0) for that time 
period, suggesting a relatively more enhanced algal 

growth in the stored rain sample than bacterial 
growth. 

Relative stabilities of  organic acids and phenols in 
stored rainwater 

Although the concentration of  benzoic acid was 
almost unchanged within 2 days of  storage (see 
Figs 3 and 4), during which time span aliphatic C:-C9 
acids disappeared, it decreased at the end of the 
storage experiment. These results indicate that ben- 
zoic acid is not stable in stored rainwater, although 
it is more resistant to decomposition than volatile 
aliphatic acids. The difference in the degradation 
patterns of  aliphatic C :C9  acids and aromatic (ben- 
zoic) acid, may be due to a time lag for the appear- 
ance of  appropriate bacteria to metabolize benzoic 
acid, or due to some preferential degradation of  
aliphatic acids over aromatic acid. 

By contrast, toluic acids and phenols did not 
show a significant decrease in their concentrations 
even after 2 weeks (Fig. 4), indicating that they are 
the most resistant to alteration in stored urban 
rainwater. 

CONCLUSIONS 

The study showed that selective degradation of 
polar organic compounds occurs during storage of  
urban rainwater at room temperature. Degradation 
rates appear to increase in the order:benzoic acid 
< fatty acids < volatile acids. Degradation of low 
molecular weight organic acids such as formic acid 
and acetic acids as well as dicarboxylic acids probably 
cause an increase in pH value of  acid rain during 
storage. By contrast, phenols and toluic acids did 
not show a concentration decrease in the course of  
the storage experiment (2 weeks), indicating that 
these toxic compounds are resistant to microbial 
degradation in urban rainwater. They may survive in 
aquatic environments and may enter the domestic 
water supply systems and become available to the 
food web. 

These results also indicate the need to poison all 
rainwater samples or store them frozen if subsequent 
analysis is to be performed for the accurate measure- 
ment of  organic constituents. 
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