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Abstract-Ten rain samples were collected at west Los Angeles, California, during two precipitation events. 
The samples were extracted with CH2CIz using a separatory funnel followed by continuous steam distillation 
extraction. Extracts were analyzed for n-alkanes, UCM of hydrocarbons, PAHs, FAs, benzoic acids and 
phenols using capillary gas chromatography (see Table I for definition of acronyms). The concentrations of 
somecompounds decreased with time, whereas those of other compounds increased during the precipitation. 
Fluctuations oforganic concentrations with timeare interpreted as being due to washout effect and transient 
input oforganic matter during the precipitation event. The major factor controlling the inputs is suggested to 
be wind which carries the organic constituents from biogenic and/or anthropogenic (motor vehicle) sources. 
These results indicate that the origins ofair masses scavenged during a rain event may be traced by analysis of 
the organic constituents in the rain water. 

Key word index: Rain, time-series, organic matter, hydrocarbons, fatty acids, benzoic acids, phenols, biogenic, 
anihropogenic 

INTRODUCHON 

Organic compounds have recently been studied in rain 
and snow samples collected in many locations 
(Galloway el al., 1976, 1982; Lunde et ol., 1977; 
Zafiriou et al., 1980; Meyers and Hites, 1982; Likens ef 
al., 1983; Kawamura and Kaplan, 1983, 1984, 1986; 
Kawamura er al., 1985b; Steinberg and Kaplan, 1984; 
Steinberg et al., 1985; Zafiriou et ol., 1980,1985). These 
studies indicate that wet deposition scavenges organic 
matter emitted directly to the atmosphere from bio- 
genie and anthropogenic sources, in addition to photo- 
oxidation products formed in the atmosphere 
(Kawamura et al., 1985a). In rural and semi-rural areas, 
biogenic organic compounds are more dominant 
(Meyers and Hites, 1982; Kawamura and Kaplan, 
1986). whereas anthropogenic compounds are gener- 
ally more abundant than biogenic compounds in 
urban rainwater samples (Kawamura and Kaplan, 
1986). 

Although previous studies have been carried out on 
collections of bulk rainwater, no published infonna- 
tion is currently available on the distribution of 
organic compounds in rainwater as a function of time 
during a rain storm. Such studies may be helpful in 
evaluating the mechanisms of scavenging, input and 
transportation of organic matter in the atmosphere. 

In this study, ten rainwater samples were collected 
during two rain events at the UCLA campus in Los 
Angeles, and were analyzed for various types of 
solvent-extractable organic compounds, including n- 
alkanes, UCM hydrocarbons, PAHs. FAs, benzoic 
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acids and phenols. The results are discussed here in 
terms of mechanisms of input and scavenging of 
organic matter in the atmosphere. 

EXPERIMENTAL 

Two time-series of rain samples were collected in March 
and November. 1982. on the roof of the Geoloev buildinn at 
UCLA camp&, Los.Angeles, California, usin;four or ?&e 
metallic collectors with a total surface area of 0.88-1.1 m2 
(Kawamura and Kaplan, 1983). Figure I shows a map of the 
sampling location in relation to the major highway and 
freeway systems. The dominant wind direction is generally 
W-NW during the day and E-SE in the evening to early 
morning. Table 2 gives sampling information; time, volume, 
precipitation rate and wind direction. Each rain sample was 
collected with intervals varying from 80 min to IO h. Rain 
samples were poisoned with HgCII, which was added to a 20 / 
glass bottle (carboy) collector prior to each deployment (for 
details see Kawamura and Kaplan, 1983). 

The samples were extracted and analyzed by a method of 
Kawamura and Kaplan (1986). described briefly below. 
About 1.5 /of water sample was first extracted with CH&I, 
under acidic conditions (pH 1). The residual sample was 
further extracted with CHIC& using a continuous steam 
distillation-extraction apparatus. The extracts were com- 
bined, concentrated and then divided into neutral and acidic 

Table 1. Definition of acronyms used in paper 

CPI Carbon prefer index: ratio of the amount of odd- 
carbon numbered n-C1~-n-CsI alkanes to that of 
evencarbon numbered n-C,,-n-C,,, alkanes. 

UCM :Unresolved complex mixture. 
FAs :Fatty acids. S-FA; short-chain fatty acid. L-FA; long- 

chain fatty acid. 
PAHs :Polynuclear aromatic hydrocarbons. 
HC :Hydrocarbon. 
ND :Not detected. 
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Fig. 1. A map of sampling Ioeation (UCLA) with major highway and freeway systems and 
mountains. 

Table 2. Collection of time-series rainwater samples at UCLA campus, Los 
Angeles 

Precipitation Wind 
Samples ~olurne~~} rate (mm h - ‘) direction* 

3/l I/82 (March 11, ‘82) 
1st 11:00-13:35 5 1.8 SW-W 
2nd 13:35-15:os 4 2%4 W-N 
3rd IS:Os-16:25 2 1.5 NE 
4th 16:2S-19:00 4 1.4 E-SE 
5th 19:00-20:00 5 2.2 SE 
11/Y-10/82 (Nov. 9-10, ‘82) 
1st 1:3@-4:30 3.5 1.3 SE-NE 
break 4:30-9:30 - - NE-E 
2nd 9:30-12:45 5.6 2.0 E-SE-SW 
3rd 12:45-16:00 4.0 1.1 SW-W 
break 16:Ot319:45 - - W-NW 
4th 19:45--23~25 2.4 0.75 N-NE 
5th 23:2S-9:40 12.8 1.4 SW-NE-E 

*Wind direction was observed baaed on 3-h interval at Los Angela 
International Airport. 10 km south to UCLA. 

portions. The neutral fraction was separated into aliphatic 
hydrcc&ons and PAHs on a silica gel column. Acidic 
fractions containing FAs and phenols were methylated with 
14% BF+sethanol. The methylated fraction was extracted 
with CH&l2 from the reaction mixture, to which water was 
added, and its volume was dads& by evaporation to 100 ~1 
in a 2 ml vial. 

The atiphatic hydrocarbons, PAH and m&y&ted acidic 
fraction were analyzed by fused silica DB 5 capillary gas 
chro~tog~phy and GC-MS. The recoveries of organic 
compounds studied were better than 507: and analytical 
errors were within f 257, fKawamura and Kaplan. IY86). 

RESULTS 

In the time-series rainwater samples, C17-C3S n- 
atkanes, UCM, PAHs, Cs-CIO FAs, benzoic acids and 

phenols were detected. Table 3 gives their concen- 
trations. Total concentrations of these compounds 
fluctuated from 14.3 to 96.1 pgr’- * in the spring 
f3/11,@2) rain event, and from 5.8 to 30.8 gg /- * in the 
autumn (I I/9-10/$2) rain event. ReIative distributions 

of the com~unds also changed with time, as follows. 
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Table 3. Concentrations of extractable organic compounds in time-series rainwater samples 
collected in Los Angeles, California 

Concentration (~9 /- ‘) 
Benzoic 

Sample n-Alkanes UCM PAH S-FA L-FA acids Phenols Total 

3/l l/82 
1st 1.08 6.63 0.37 12.6 26.0 2.94 6.25 55.87 
2nd 0.27 3.06 0.14 3.06 4.46 0.39 2.95 14.33 
3rd 0.38 1.94 0.32 6.00 4.00 1.18 8.53 28.35 
4th 1.63 39.6 1.17 12.7 16.8 4.95 19.2 96.05 
5th 1.40 35.9 0.70 8.52 9.71 3.22 13.7 73.15 

1 l/9-10/82 
1st 1.99 1.60 0.27 11.6 3.92 5.66 2.13 27.17 
2nd 7.86 5.00 0.34 3.79 9.41 0.78 3.66 30.84 
3rd 1.56 1.30 0.15 1.87 3.20 0.23 1.48 9.79 
4th 0.50 1.24 0.25 3.02 2.55 0.44 4.86 12.84 
5th 0.29 0.80 0.13 1.31 1.72 0.18 1.42 5.85 

n-Al&es generally showed distributions of odd- 
carbon numbered predominance with a maximum at 
C&,, as shown in Fig 2. Such a distribution is typical 
for n-alkanes in plant-leaf wax (e.g. Eglinton and 
Hamilton, 196% suggesting a contribution of higher 

3/11/62 Rain 

1 1st woo~13353 
0.2 

0.1 

0 ~ 

“fznd (1335-1505) 

CPI 
3.35 

L 

3.93 

plant wax into rainwater. However, during the prog- 
ress of the storm, the n-alkane distributions changed to 
reflect a weak odd/even predominance with a maxi- 
mum at Czl or CX5, in the fourth and fifth rain samples 
during both 3/l l/82 and 1 l/9-10/82 events (Fig. 2). n- 
Alkanes with odd/even predominance appr~ching 

11/g-lo/82 Rain 

3 2nd (0930e1245) 

CPI 
3.29 

0.8 
7.62 

Carbon number 

Fig. 2. Changes in the distribution of a-alkanes in the 3/l l/82 and 1 t/9-10/82 
rain samples. 
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unity are present in petroleum (Tissot and Welte, 1978) 
and are probably introduced into the atmosphere from 
incomplete combustion of petroleum mostly in auto- 
mobiles (Kawamura and Kaplan, 1986; Kawamura et 
al., 198Sa). Because of the presence of abundant even- 
carbon numbered n-alkanes, CPI values (Table 1) 
decrease from 3.9 (second rain) to 1.5 (fifth rain) in the 
3/l l/82 rain event,and from 7.6 (third rain) to 2.1 (fifth 
rain) in the 1 l/9-10/82 rain event (see Fig. 2). The total 
concentrations of n-alkanes fluctuated with time be- 
tween 0.3 pg /- ’ and 1.6 Fg f- ’ in the 3/l l/82 rain and 
between 0.3pg(-’ and 7.9pgf-’ in the 11/9-lo/82 
rain. During the 3/l l/82 event, the n-alkane concen- 
trations decreased from first to second rain and then 
increased again in fourth and fifth rain collections. On 
the other hand, the n-alkane concentrations increased 
from the first to second rain and then decreased until 
the fifth rain during the 1 l/9-10/82 rain event. These 
fluctuations should be explained in terms of input and 
scavenging effects of these compounds, as discussed 
later. 

A UCM appearing as a smooth hump on the gas 
chromatogram of the aliphatic hydrocarbon fraction 
(between C18 and Cs6 n-alkanes) comprises branched 
and cyclic hydrocarbons and has been determined in 
engine oil and motor exhausts (Boyer and Laitinen, 
1975). The concentrations of UCM fluctuated with 
time during precipitation events between 3.1 pg/- ’ 
and 39.6 lg / -I in the 3/l l/82 rain event, and between 
0.8 PgT-’ and S.Opgi-’ in the 1 l/9-10/82 rain event. 
From the first to second rain during the 3/l l/82 rain 
event, UCM concentrations decreased and then in- 
creased until the fourth rain collection. On the other 
hand, the UCM concentrations first increased, and 
then decreased until the fifth rain in the 1 l/9-10/82 
rain event. 

Seventeen polynuciear aromatic hydrocarbons were 
identified in the rainwater samples, as listed in Table 4. 

Naphthalene, &methyinaphthalene, phenanthrene, 
fluoranthene and pyrene are generally major PAHs. In 
several samples (3/l l/82, fourth and fifth rain samples, 
and 11/9-lo/82 second to fourth rain sam- 

ples), benzo(k)fluoranthene, benzo(e)pyrene, 
benzo(a)pyrene and benzo(ghi)perylene are also 
among the major species detected in the PAH fraction. 
In addition to these PAHs, traces of dimethylnaphtha- 
Ienes and trimethylnaphthalenes were also detected in 
the rainwater samples from the mass chromatograms 
at m/e 156 and 170 (molecular ions), respectively. The 
above PAHs have been reported in petroleum (Tissot 
and Welte, 19?8), automobile exhaust particles (Boyer 
and Laitinen, 1975) and in aerosols from both urban 
areas (Gordon and Bryan, 1973; Gordon, 1976) and 
remote sites (Daisey et al., 1981). 

The total concentrations of the measured PAHs 
ranged from 0.14 pg /- ’ toO.l7pg/-‘in3/11/82rain, 
andfromO.l3~g/-’ too.34 gg/-’ in 11/9-10/82rain 
samples. They are present in signifi~ntIy lower con- 
~ntrations than n-alkanes and unresolved hydro- 
carbon mixtures; however, the concentrations of PAHs 
fluctuated in a paraltet manner to those of n-alkanes 
and UCM, 

Acidic components 

Figures 3 and 4 present the distributions of FAs, 
benzoic acids and phenols for 3/l l/82 and 1 l/9-10/82 
rain samples, respectively. FAs seem to contain two 
groups. One is C~-CI1 FAs, which do not show 
even/odd predominance, except for a relatively high 
abundance of C6 acid. The other group is Ct2-CJ0 
FAs, which show a strong even/odd predominance. 
The former group is probably associated with direct 
emissions from anthropogenic sources in addition to 
photo-oxidation of hydrocarbons in the atmosphere 
(Kawamura and Kaplan, 1984; Kawamura et ol., 

Table 4. Concentrations of PAH in ng / -’ identified in time-series rainwater samples collected in Los Angels. 
California 

Naphthalene 
2.Methy~naph~haiene 
1-Methylnaphthalene 
2.6.Dimethylnaphthalene 
Fluorene 
Phenanthrene 

Anthrathenc 
Fluoranthenc 
Pyrene 
Benzo(a)anthracene 
Crysene 
Benzo(k)fluoranthene 
fJenzole)pyrene 
5enzoia)pyrene 
Perylene 
~n~(~hi~~lene 

Coronene 

3/l l/S2 rain 1 i/9- LO/82 rain 

1st 2nd 3rd 4th 5th IS! 2nd 3rd 4th 5th 

78 34 54 107 54 22 29 7 29 18 
49 16 48 105 61 25 21 8 20 12 
31 11 34 59 40 19 15 6 14 9 

ND ND ND ND ND 6 4 2 4 3 
II ND 12 18 20 ND 6 ND 6 4 
67 41 84 92 82 51 39 20 41 23 

ND ND ND ND ND 3 ND ND 3 ND 
5X 20 46 79 16 44 52 21 32 ts 
34 13 38 88 80 36 53 21 36 14 
3 ND ND 41 24 6 12 ND ND ND 

20 ND ND 94 64 12 16 7 5 4 
ND ND ND 124 40 8 19 12 10 ND 

8 ND 2 107 43 11 21 18 16 9 
ND ND 2 115 26 18 33 29 20 13 
ND ND ND 70 6 2 ND 5 ND ND 

7 ND ND 58 68 8 21 ND 10 6 
ND ND ND 14 18 ND ND ND ND ND 
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Fig. 3. Changes in the distribution of FAs, benzoic ads and phenols in the 
311 Ifs2 rain samples. 

f98Sa). The fatter group is of biogenic origin (Meyers 
and Wites, 1982; Kawamura and Kaplan, 1986). Higher 
molecular weight FAs in the range C&-Cl0 are 
generally minor components with the exception of the 
1 l/9-10/82 second rain sample, where their concen- 
tration showed an abrupt increase, which correlates 
well with the increase in n-alkanes in the same sample 
(see Fig 2) and suggests a surge of higher plant wax 
input ~E~inton and Hamihon, 1967; Kawamura and 
Ishiwatari, 1984). 

The concentration of short-chain FAs (Cs-Ci,) 
ranges from 3.1 j.~g/-’ to lZ.Opg/-’ in the 3/11/82 
rain event. They decrease from the first to second rain, 
and then increase untif the fourth rain. In the 
I@-IO/82 rain ever& the ~~ntrations of Cs-C, 
FAs fluctuate from 1.3 gg1- r to Il.6 fig i’- r. The 
concentrationscontinuouslydecrease with time. Long- 
chain Ci2-C1e FAs have a concentration range of 
4.G26.OpgP-’ and 1,7-9.4pgT-’ in the 3/l l/82 and 
1 l/9-10/92 rain events, respectively. Maximum concen- 
tration occurred in the first rain for the 3/l f/82 event, 
whereas the second rain gave a maximum concen- 
tration in the 1 I/9-10/82 event. 

Renzoic acid, 3-mcthylbenzoic and dmct hylbenzoic 
acids were identified and/or tentatively identified (only 
benzoic acid was used as a comparative standard for 
W-MS). These benzene carboxybc acids are con- 
sidered to originate from motor exhaust and used 
engine oils (Kawamura ef al., 198Sa). The concentra- 

tions of benzoic acids range from 0.4 to 4.9 pg f-i and 
0.2 to 5.7 #zg f- 1 in the 3/f It82 and 1 ~~~Oj82 rain 
samples, resp&iveIy @able 3). During the 3fIff82 
event, the concentration drastically decreased from the 
first to the second rain collection, and then increased in 
the third and fourth samples and decreased again in the 
last sample collected. On the other hand, during the 
Il/9-IO,/82 event, benzoic acid concentrations de- 
creased from the first to fifth rainin, with the exception of 
a small increase in the fourth rain. This pattern is 
similar to that of the shortchain FAs distribution 
pattern. 

Five phenols were detected in the samplesz phenol, 2- 
methylphenoI, ~methyIpheno1, Znitrophenol and 2~ 
vitro-~methylphenol. Phenol was the most abundant 
compound isoIated followed by 4methyIphenol 
(Figs 3 and 4). Phenols are probably derived from 
anthropogenic sources, such as auto exhausts 
(Kawamura and Kaplan, 1986). where they have been 
detected (Hoshika and Muto, I979; Kuwata et al., 
19gt; Roumcfiotis et aL, 1!?81), The total concentra- 
tions of phenols ranged from 2.9 118 /- L to 19.2 pg t- 1 
in the 3/11/82 rain event, where the concentration 
decreased from the first to second rain, and then 
increased until the fourth rain (see Fig. 3). On the other 
hand, the phenol concentrations in the 1 l/9-IO/82 rain 
event were f-4-4.9 jq 1’- f and highest concentrations 
were observed in the second and fourth rain samples 
colIected. 
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Fig. 4. Changes in the distribution of FAs, benzoic acids and phenols in the 
1 l/9-10/82 rain samples. 

DlSClJSSlON 

Deposition rates of organic compounds 

When this study was initiated, we expected that 
concentrations of organic compounds should decrease 
with time during a rain event because of the washout 
effect. However, this assumption did not apply to the 
two rain storms studied, because the concentration 
distribution was nonlinear during the two events. 
Figure 5 gives fluctuations of deposition rates 
(ng m- * h- ‘) for organic compounds measured in this 
study. During the 3/l l/82 event, the deposition rates of 
both biogenic (C,2-C,0 FAs) and anthropogenic 
(UCM + PAHs + benzoic acids + phenols) organic 
compounds decreased from the first to second rain. 
The decrease of the rates probably indicates a decrease 
in the concentrations of organic matter in the atmos- 
phere, due to its removal from the atmosphere by the 
first rain (washout effect) followed by an increase in the 
third to iihh rain samples, as a result of transient input 
of these compounds. Although the deposition rate of 
both biogenic and anthropogenic organic matter show 
increases, the latter increased at a signiiicantly larger 
rate (Fig. 5). Automobile activity could be the largest 
contributor to the atmospheric organic load. The 
increase in the content of biogenic fatty acids in the 

‘;P- Anthropogemc 0 M 

^ 100 
,’ 

7 
,’ 

6 
.i._ 3/11/82 Ran 

Time (hrs ) 

Fig. 5. Deposition rates of anthropogenic and biogenic or- 
ganic matter during the 3/l l/82 and 1 l/9-IO/s2 rain events. 

fourth and fifth rain samples, however, indicates that 
biogenic material was also supplied to the atmosphere 
during the rain event. The wind direction during the 
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fourth and fifth sampling on this day was from E-SE 
(Table 2). The air transported pollutants from the 
highly populated and industrialized areas of Los 
Angeles. The biogenic material probably came from 
agricultural areas in the SE and was transported to 
west Los Angeles (sampling location) where they were 
scavenged by rain water. 

During the 1 l/9-10/82 event, fluctuating patterns of 
the deposition rates were different from those of the 
3/l l/82 event (Fig. 5). The organic contents increased 
from the first to second rain. This was probably caused 
by a temporary termination of rain after the first 
collection as well as a change of wind direction 
(Table 2). During the break, both biogenic and anthro- 
pogenic organic compounds were probably supplied 
to the atmosphere. The break time 
(4: 30 a.m.-9: 30 a.m.) covers the active morning auto- 
mobile traffic hours. The wind from E-SE during the 
second rain transported the air mass from the east or 
southeast of Los Angeles (urban areas). The deposition 
rates for both biogenic and anthropogenic organic 
matter decreased from the second to third rain. This is 
due to the removal of the organics from the atmos- 
phere by rain drops as well as to a change in wind 
direction. The wind from SW-W should have brought 
an air mass from the ocean, which probably contained 
less abundant organic compounds. Deposition rates 
did not change very much from the third to fifth rain, 
although the rate for theanthropogenic organic matter 
in the fourth rain is slightly higher than that of the 
third rain. This result indicates that a break at 
4:OOa.m.-7:45 p.m. during the rain event did not 
result in the significant accumulation of organic matter 
in the atmosphere around the sampling area, and that 
there was no serious contribution from motor vehicles 
during the evening automobile traffic time. This latter 
explanation is supported by data on the direction of 
winds, which fluctuated from a south westerly ocean 
direction to a northeasterly mountains’ direction (see 
Fig. I and Table 2). 

Changes in anrhropogenicfbiogenic indices with time 

Based on comparative studies of organic molecules 
in wet depositions collected in urban Los Angeles and 
its vicinity, Kawamura and Kaplan (1986) showed the 
following indices as useful in evaluating relative contri- 
bution of anthropogenic and biogenic organic matter 
to rainwater: CPI of n-alkanes, UCM/n-alkane ratio, 
phenols/FAs ratio, benzoic acids/FAs ratio and 
PAHsjFAs ratio. Using these indicators, it is possible 
to discuss changes in sources of organic compounds in 
rainwater during precipitation. 

Figures 6-8 display the changes in each of the above 
indices as a function of the time of the rain event. II is 
apparent that for the 3/I I/82 rain event, these indices 
of biogenic or industrial input correlated well within 
each group. In the 1 l/9-10/82 rain event, however, the 
benzoic acids/FAs ratio (Fig. 8C) and the UCM/FAs 
ratio (Fig. 8D) did not respond as well as the other 
ratios. The explanation for this is not immediately 

Al ?“:3-,r 

Fig. 6. Fluctuations of CPI values for n-alkanes during the 
3/I l/82 and 1 I/9-10/82 rain events. 
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Fig. 7. Fluctuations of UCM/n-alkane ratio during the 
3/l l/82 and 1 l/9-10/82 rain events. 

apparent, but may reflect changes in photochemical 
oxidation processes in addition to those of direct 
emission during this second rain event. 

SUMMARY AND CONCLUSIONS 

(1) Two time-series rainwater samples, collected at 
Los Angeles, California, were analyzed by GC and 
GC-MS for n-alkanes, UCM, PAHs, FAs, benzoic 
acids and phenols. 

(2) The deposition rates of these compounds did 
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(a) PAH/FA Ratio 

(c) Benzolc acids/FA Ratlo 

-0 4 8 12 16 70 24 4 8 

Time thrs, 

(b) Phenols/FA Ratlo 

(d) UCM/FA Ratio 

;mj 

Time (hrs) 

Fig. 8. Fluctuations of (a) PAH/FAs ratios, (b) phcnols/FAs ratios, (c) 
benzoic acids/FAs ratios and (d) UCM/FAs ratios during the 3/l l/82 
and 1 l/9-10/82 rain events. High values denote a dominant anthropo- 

genie input. 

not linearly decrease with time but fluctuated during 
the precipitation events. Concentrations of atmos- 
pheric organic compounds are controlled by their 
inputs to the atmosphere during the rain events, as well 
as washout effects. The major factors are probably 
wind direction and anthropogenic activities around 
the sampling location. 

(3) Anthropogenic/biogenic indices, CPI ratio of n- 

alkanes, UCM/n-alkanes ratio, phenols/FAs ratio, 

bertzoic acids/FAs ratio, and PAHs/FAs ratio, were 
used to discuss the changing inputs of organic matter 
to the atmosphere. These indices showed that bio- 
logical inputs, such as fatty acids, increased when the 
windscame from the west or northwest (Santa Monica 
Mountains), whereas anthropogenic inputs such as 
UCM, phenols, PAHs and benzoic acids increased 
when the winds came from the east or southeast, in the 
direction of heavily industrialized downtown Los 
Angeles and other urban areas. During heavy traffic. an 
increase of anthropogenic organic compounds was 
observed, suggesting that motor vehicles are possibly 
the most important anthropogenic sources of these 
compounds. 

(4) This study indicates that the origins of the air 
masses scavenged during a rain event may be traced by 
analysis of organic compounds of both biogenic and 
anthropogenic origin. 

We believe that the analytical approach used here 
can be statistically systematized for each geographic 
region to derive information on the relative inputs of 
anthropogenic organic matter at each particular lo- 
cality. Such data can then be compared with the 
contribution of inorganic components, in order to 
achieve a more precise source reconciliation of 
pollutants. 
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