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Organic Compounds in the Rainwater of Los Angeied 
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Solvent-extractable and purgeable (volatile) organic 
matter was studied by using a capillary GC-MS in rain- 
water from a station in West Los Angeles on the UCLA 
campus. More than 600 peaks were obtained on gas 
chromatograms, and approximately 300 compounds have 
so far been either identified or tentatively identified in the 
neutral, acidic, and basic fractions of solvent extracts, 
including aliphatic and aromatic hydrocarbons, phthalates, 
benzaldehydes, phenols, aliphatic and aromatic ketones, 
mono- and dicarboxylic acids, amines, azaarenes, etc. The 
most abundant components were an unresolved mixture 
of hydrocarbons (ranging from 25 to 56 pg/L) and a ho- 
mologous series of aliphatic monocarboxylic acids, which 
show a strong even-carbon-numbered predominance in the 
Cl0-C3,, range (7-16 pg/L), with a maximum at  CI6. 
Smaller amounts of normal hydrocarbons (0.6-2 pg/L), 
nitrogen- and oxygen-containing polycyclic aromatics such 
as fluoren-9-one, phenanthrene-g,lO-dione, and iso- 
quinoline, and polycyclic aromatic hydrocarbons (0.05-0.1 
pg/L) were also identified. Helium stripping and direct 
injection of volatiles into GC-MS showed ten identifiable 
compounds, including hydrocarbons and halocarbons, as 
relatively minor components (ca. 0.7 pg/L) compared to 
the solvent-extractable compounds. 

Introduction 
During precipitation, rainwater dissolves and scavenges 

from the atmosphere gases as well as aerosols that contain 
a large array of inorganic and organic materials. Although 
numerous studies have recently been conducted on the 
inorganic chemistry of rainwater, little attention has so far 
been paid to the organic compounds. As certain polynu- 
clear aromatic hydrocarbons, phenols, aldehydes, and or- 
ganic nitrogen-containing compounds, among others, are 
considered hazardous to health, an effort was initiated to 
evaluate their distribution in rainwater. 

Lunde et al. ( I )  have provided the most detailed report 
on aliphatic and aromatic hydrocarbons, ketones, aldeh- 
ydes, phthalates, fatty acid ethyl esters, free fatty acids, 
and other acids in rain and snow samples in Norway and 
discussed their origin and transport through the atmo- 
sphere. Matsumoto and Hanya (2) reported nonvolatile 
organic constituents in atmospheric fallout (dry fallout plus 
rain) in the Tokyo area and discussed the fluxes of n-al- 
kanes, fatty acids, phenolic acids, and bisphenol A. Hy- 
drocarbons were, on the average,-twice as abundant as fatty 
acids and 12-130 times as abundant as phenolic acids. 
Semenov et al. (3) have reported data for the USSR, while 
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other miscellaneous reports have appeared on specific 
organic compounds in rain in the US.  (4-8). 

This paper is a preliminary report on the identification 
and distribution of organic compounds in rainwater from 
a station on the roof of the Geology building at  UCLA in 
West Los Angeles collected during the 1981-1982 winter 
season from Dec 1981 to Mar 1982 (see Table I). 

Experimental Section 
Rainwater was collected in samplers (the interception 

area was ca. 2800 cm2) constructed from a galvanized iron 
standard trash can (-1 m high X 60-cm diameter). The 
cover was inverted, the handle removed, the center of the 
cover drilled, and a 20 cm X 2 cm stainless steel tube 
soldered in. The lid was then pressed into the top of the 
trash can with the lip of the cover overhanging the can. 
The cover thus acts as a funnel for collection of rainwater. 
The stainless steel tube fits into the entrance of a 20-L 
glass carboy inside the trash can that collects the rainwater. 
This apparatus is carefully washed by scrubbing with soap 
and water, followed by a dilute hydrogen peroxide wash, 
and finally with methylene chloride. Repeated tests of the 
blank following washing demonstrated only trace organic 
components in the extractables, usually phthalates. The 
collector is covered with a weight-loaded stainless steel lid 
(also washed as above) and held in place with polyvinyl 
alcohol paper. This paper dissolved quickly in rainwater, 
allowing the lid to spring open and expose the collector. 
Two such collectors were deployed side by side on a roof 
of the Geology Building, ca. 30 m above the ground. Figure 
1 shows the sampling location at  the UCLA campus rela- 
tive to the major freeway arteries of Los Angeles. The 
campus is located near the San Diego Freeway, 8 km from 
Santa Monica Bay and 20 km from central Los Angeles. 
The rain samples were brought into the laboratory soon 
after the rain stopped and spiked with 50 mg of HgC1, as 
preservative and then stored at ca. 4 "C. Two liters each 
of three samples (Dec 30,1981; Feb 10,1982; Mar 26,1982) 
were used for analysis of solvent-extractable organic com- 
pounds. 

To each sample was first added 30 mL of a 1 N Na2C03 
solution, and the sample was next extracted three times 
with methylene chloride. Each sample was then acidified 
with 30 mL of 6 N HC1. Samples from Dec 30, 1981 
(sample 1) and from Feb 10, 1982 (sample 2), were then 
further extracted with three 50-mL portions of chloroform 
and finally with three 100-mL portions of ethyl acetate. 
The other sample (Jan 5 ,  1982; sample 3) was extracted 
successively with several portions of a 1:l ethyl acetate/ 
methylene chloride mixture. To increase the efficiency of 
fractionation, the extracts were combined, concentrated, 
and then transferred into a 125-mL separatory funnel. The 
acidic and neutral fraction was then extracted with CH,Cl, 
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Table I. Some Atmospheric Conditions Prevailing during the Rainstorms Described from the Winter Season in 
Los Angeles (1981-1982)' 

12130181 01/05/82 02110/82 03/26/82 
precipitation, cm 1.8 1 .5  1.1 0.8 

0.4 0.5 0.1 1.0 ozone, pphm' 
carbon monoxide, ppm' 2.9 2.5 3.3 2.8 
wind subtropical subtropical subtropical subtropical 
temp range, "C 10-14 6-14 8-12 9-14 

a These data were obtained a t  station 086 located at 5.5 km ESE from the sampling location a t  UCLA. The concentra- 
tions of ozone and carbon monoxide are averaged. They were measured hourly. 
land (from west to  east). 

Subtropical means a wind from ocean to  

San Pedro 

5 m  

Figure 1. Map of sampling location (Los Angeles, CAI. Major highways 
and freeways are shown. 

(3 X 10 mL) under acidic conditions (10 mL of 1 N HC1 
was added). The remaining basic compounds were then 
extracted with CH2C12 (3 X 10 mL) from the residual so- 
lution (at pH 210) after adding 20 mL of l N Na2C03. 

The acidic/neutral fraction was then further separated 
into five subfractions (hydrocarbons, esters and ketones, 
aldehydes, alcohols, and free acids) on a 0.25-mm silica gel 
G thin-layer plate. The free acid fraction was methylated 
with BF3/MeOH and fractionated on TLC into three 
subfractions. Each fraction was analyzed on 0.25 mm X 
30 m SE54 fused silica capillary columns installed in a 
Hewlett-Packard Model 5840 gas chromatograph with a 
flame ionization detector and a Finnigan Model 4000 
GC-MS system with an INCOS 2300 data acquisition and 
interpretation system. Identification of fatty acids, ali- 
phatic hydrocarbons, and polynuclear aromatic hydro- 
carbons were made by comparing the elution retention 
time and mass spectra with those of authentic standards. 
Other compounds described in this paper were tentatively 
identified on the basis of library searches and comparison 
of fragmentation patterns using mass spectral information 
stored in the INCOS data system (EPA/NIH mass spec- 
tral data base). Recovery tests were performed by using 
authentic standards of several of the compound types 
identified, as shown in Table 11. 

Rainwater (500 mL) collected on Mar 26, 1982, was 
analyzed for volatile organics by using a Tekman LSC-2 
liquid sample concentrator (purging) system combined 
with a Finnigan 4000 GC-MS computer system. Identi- 
fication of the volatile compounds was made by using 
authentic standards. 

The blanks for extractable and volatile organic analyses 
were run on GC and GC-MS. The results showed no 

Table 11. Recoveries of Authentic Standardsa during 
Extraction and Identification Procedures 

recovery, % 

Sam- sam- 
ple ple 

compounds amt,wg 1 2 mean 
aliphatic hydrocarbons 1.21-1.96 79.6 85.9 82.3 

polynuclear aromatic 1.00 75.9 83.6 80.0 

fatty acids (C,,, C,,, C , 8 )  1.05-1.20 86.7 70.6 78.7 

1.53 72.9 62.4 67.7 fluoren-9-one 
quinoline 2.13 47.6 47.6 
benzaldehyde 1.0 14.0 14.0 
phenol 1 .o 6.0 6 .O 

The authentic standards were added t o  1.5 L of pre- 
extracted distilled water and treated by the procedure de- 
scribed in the text. Recoveries for aliphatic hydrocarbons, 
PAHs, fatty acids, and phthalates were averaged. PAHs 
include fluorene, phenanthrene, fluoranthene, and pyrene. 
Phthalates include dimethyl, diethyl, di-n-butyl, benzyl 
butyl, di-n-octyl, and bis( 2-ethylhexyl) phthalates. 

( n  -c ,,-n-C 36 ) 

hydrocarbons (PAHs) 

phthalates 1.30-1.51 86.5 82.1 84.3 

serious contamination during the procedures, with the 
exception of octyl phthalates. 

Results and Discussion 
Over 300 individual organic compounds (neutrals, acids, 

and basics) have presently been detected in the rainwater 
samples from Los Angeles. Table I11 shows selected ex- 
tractable organic compounds and their approximate con- 
centrations. 

The concentrations were gas chromatographically de- 
termined by using the following authentic standards: n-C6 
to n-C30, fatty acid methyl esters; n-Clo to n-CB6, hydro- 
carbons and polynuclear aromatic hydrocarbon mixture 
(containing 36 components). The concentration of the 
unresolved hydrocarbon mixture was determined by 
measuring the peak areas of the hump on the gas chro- 
matogram and comparing with the response of a n-Czo 
hydrocarbon standard (the n-Czo peak is located around 
the center of the hump). The concentrations of other 
compounds were tentatively calcuIated by comparing the 
peak area on the gas chromatogram with that of palmitate. 
The concentrations for phthalates, benzaldehydes, phenols, 
polycyclic aromatic ketones, phenyl ketones, and basic 
compounds (quinoline and isoquinoline) were recalculated 
later by obtaining relative FID response factors of the 
following compounds to palmitate: phthalates (average 
0.73), benzaldehyde (0.73), phenols (average 0.95), aceto- 
phenone (0.63), quinoline (0.88), and fluoren-9- and phe- 
nanthrenequinone (average 0.82), respectively. 

Hydrocarbons. Normal c13'-c35 aliphatic hydrocarbons 
with a maximum at  CZ9 were identified. n-C13-n-C23 hy- 
drocarbons showed almost no oddleven predominance, 
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Table 111. Selected Extractable Organic Compounds in Los Angeles Rainwater and Their Approximate Concentrations (pg/L) 
rain samples 

classes of org compd 

saturated fatty acids 
unsaturated fatty acids 
CY,W -dicarboxylic acids 
benzoic acids 
p-coumaric acid 
phthalates 
benzaldehydes 
phenols 
isoprenoid ketone (C,8) 
polycyclic aromatic ketones 
2,3-dihydro-lH-inden-l-one 
phenyl ketones 
alkylfuranones 
isobenzofuranones 
oxiranes 
n-hydrocarbons 
unresolved hydrocarbons (hump) 
polycyclic aromatic hydrocarbons 
quinoline and isoquinoline and their substituted compounds 
4-methyl-1 (2H)-phthalazinones 
major unknown peaks 

12/30/81 2110182 1 /5 /82  

1 3  17 1 5  19 7 9 
3 1 tr 
3 3 3 

trb 0.8 0.8 
tr 0.4 0.3 

3 4 8 9 3 3 
1 7 3 21 1 7 
0.5 8 0.5 8 0.1 2 
0.1 0.2 0.1 
0.3 5 0.4 7 0.3 5 
0.5 0.8 0.5 
2 3 1 
0.5 4 0.3 
4 6 1 
2 0.7 0.3 
2 2 0.9 1 0.6 0.7 

0.1 0.1 0.1 0.1 0.05 0.06 
0.7 1 2 4 2 4 
0.2 1 1 
5 1 5  5 

uncorr corra uncorr coir uncorr coir 

56 25 32 

* Corrected data are based on recoveries on Table 11. Trace. 

suggesting that these hydrocarbons are of petroleum origin, 
whereas n-C25-n-C33 hydrocarbons showed a strong 
odd/even predominance, suggesting that higher plant 
waxes contribute to the organic matter in rainwater (9). 
Unresolved hydrocarbons (hump) showed a bimodal dis- 
tribution at ranges of n-Cl5-n-Czo (with a peak near n-CI8) 
and of n-Czo-n-C33 (with a peak near ~C27) .  A similar 
pattern was observed during the initial stages of storm 
runoff from the Los Angeles River (10). The presence of 
a hump in the rain, which is probably a mixture of al- 
kyl-substituted aliphatic and aromatic hydrocarbons be- 
cause the hump was recognized on the mass chromato- 
grams (m/z 57,91,105,119), may be associated with fuel 
combustion and automobile exhaust (11). Fifteen di- and 
triterpenoids such as (17aH,2lpH)-hopanes (Czs and C30) 
were tentatively identified on the basis of their mass 
spectral fragmentation patterns a t  m/z 191. These ho- 
panes have been proposed as sensitive molecular markers 
of petroleum pollution in California (12). Sixteen poly- 
cyclic aromatic hydrocarbons (PAHs) were identified in 
the rainwater. The major PAHs are phenanthrene, fluo- 
ranthene, and pyrene. 

Esters. Seven phthalic acid esters were detected and 
found to be the most abundant esters. Dibutyl, butyl 
phenyl, and dioctyl phthalates were major components. 
These compounds, which are commonly used plasticizers, 
have been reported by Lunde et al. (1) in rain in Norway. 
Ethyl esters of C14, c16, and C18 fatty acids were tentatively 
identified, although their concentrations were very low. 
Two kinds of phosphoric acid esters (triphenyl and tri- 
butyl), which have not been reported in rain, were de- 
tected. 2-Methylphenyl benzoate and methyl 3-phenyl- 
2-propenoate were also detected. 

Ketones. Six aliphatic ketones (C6, C7, C8, Cis), three 
phenyl ketones, and eight polycyclic aromatic ketones were 
tentatively identified. Phenyl ketones were most abundant 
(1-3 pg/L) in this group. It is of interest to note that 
9H-fluoren-9-one and phenanthren-9,10-dione, which are 
major polycyclic aromatic ketones, were more abundant 
(0.3-0.4 pg/L) than PAHs (0.05-0.1 +g/L). These poly- 
cyclic aromatic ketones are probably of anthropogenic 
origin and have been reported in diesel emission particu- 

lates (23). Cyclohexanone and p-benzoquinone were also 
tentatively identified. A series of alkylfuranones (R = 
C2-C12, y-lactones), benzofuranone, isobenzofuranone, and 
their alkyl-substituted compounds were detected. Iso- 
benzofuranones were major components (1-6 pg/L). The 
origin of these furanones is presently obscure. The fol- 
lowing pyran-type ketones were detected: 1H,3H- 
naphtho [ 1 ,8-cd] pyran- 1-one, lH,SH-naphtho [ 1 ,8-cd] - 
pyran-1,3-dione, and 3-phenyl-2H-benzopyran-2-one; 
however, their origin is also not clear. 

Aldehydes. Aliphatic aldehydes (c67 C,, c14, c16, C18, 
Cz0, C22, C24, c26, CZ8, C30, and C3J were tentatively iden- 
tified on the basis of characteristic peaks at  m/z 69, 82, 
96, and 111. However, they were present in very low 
abundance. Major aldehydes were aromatic aldehydes 
(benzaldehyde, 1,4-benzenedicarboxaldehyde, and their 
alkyl-substituted forms). Their concentrations were in a 
range of 1-3 pg/L. They probably arise from combustion 
of fuels, as benzaldehyde was detected in auto exhausts 
(14). 9-Anthracenecarboxaldehyde and (1,l’-biphenyl)-4- 
carboxaldehyde were also detected. 

Alcohols. The following alcohols were detected: di- 
hydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone; l-hexen- 
3-01; 4-methyl-3-hexanol; 3-methoxy-2-butanol; 3,7-di- 
methyl-6-octen-01; cyclodecanol; 2-methyl-1-dodecanol; 
phenylmethanol; 2,3-dihydro-lH-inden-l-01; 3-chloro- 
benzeneethanol; 2-hydroxy-3-(2-propenyl)benzaldehyde; 
nonadecanol; 1-phenanthrenol. These alcohols are gen- 
erally not present in organisms and probably represent 
either an anthropogenic origin or photochemical reaction 
products in the atmosphere. The following phenols were 
detected: phenol; 2-nitrophenol; 4-bromophenol; 3,4,5- 
trimethylphenol; 2-(l,l-dimethylethyl)-6-methylphenol. 
Phenol is the most abundant component. Phenols have 
been shown to be common constituents in air particles (15, 
16). 

Others. The following compounds were also detected 
in the neutral fraction: dibenzo[b,e] [ 1,4]dioxin; 9H- 
xanthene; 9H-xanthen-9-one; phenanthridione 5-oxide; 
4-methyl-l(2H)-phthalazinone; 5-methyl-5-phenyl- 
imidazolidine-2,4-dione; N-(3-nitrophenyl)-3-phenyl-2- 
propenamide; N,N,4-trimethylbenzosulfonamide; etc. 

Environ. Scl. Technol., Vol. 17, No. 8, 1983 499 



Although several large peaks appeared on the gas chro- 
matogram from the polar regions of the TLC fractions, we 
have not yet been able to identify them. 

Acids. A series of aliphatic saturated monocarboxylic 
acids (C6-c30) were the most abundant group identified 
in this fraction. Their concentrations (7-16 pg/L) are 
approximately 10 times more abundant than normal hy- 
drocarbons (0.6-1.6 pg/L). Normal C12, C14, C16, and CIS 
acids are predominant, whereas the n-C20-n-Cm acids were 
minor components. Their distribution is characterized by 
a strong evenfodd ratio with a maximum at  n-C16. A 
similar pattern was reported in the fallout in the Tokyo 
area (2). Since their distribution is similar to that for algae 
and plants, they probably originate from biogenic sources. 
Although is0 and anteiso branched C15, c16, and C17 acids, 
which are characteristic constituents of bacteria, were 
detected in the samples, they represent trace amounts in 
comparison to straight-chain compounds. On the other 
hand, the c6-c9 acids displayed a different distribution. 
They showed not an even/ odd predominance but relatively 
high uniform concentrations in the range of c6 and Cg 
acids, suggesting that their origin is different from that of 
the C12-C30 acids. 

Mono- and diunsaturated fatty acids (C16:., C18:., and 
C1s,2) were also identified, indicating a short residence time 
for those compounds in the atmosphere, due to their re- 
active nature under oxidizing conditions. 

A series of aliphatic a,#-dicarboxylic acids (C4-CI2) was 
detected. Their concentration was lower than that of fatty 
acids. Dicarboxylic acids in atmospheric particulates have 
been reported to result from photochemical oxidation of 
olefins (17). In our samples, the Cg diacid was the most 
abundant. It may be derived by oxidation of the A9 double 
bond of unsaturated fatty acids in the atmosphere. This 
interpretation seems reasonable as the normal c6 and Cg 
monocarboxylic acids, which may comprise the other part 
of degraded unsaturated acids, were detected in all samples 
in relatively high abundance. 

Other minor carboxylic acids were tentatively identified. 
These include @-hydroxy acids (cC-c26), 9,lO-dihydro- 
octadecanoic acid, dehydroabietic acid, benzoic acids, 
phthalic acids, aliphatic and aromatic keto acids, p -  
coumaric acid, 2-naphthalenecarboxylic acid, benzo[c]- 
cinnoline-2-carboxylic acid, etc. The presence of @-hydroxy 
acids, which are characteristic constituents of bacterial cell 
walls (18), may indicate bacterial contribution to rainwater. 
Dehydroabietic acid may be derived from resinous plants 
(19). p-Coumaric acid probably also comes from vascular 
plants (2). Phthalic acids may be produced by hydrolysis 
of phthalates in the atmosphere (common plasticizers and 
ubiquitous contaminants). 

Basics. The following nitrogen-containing compounds 
were tentatively identified: quinoline and isoquinoline and 
their alkyl-substituted compounds, 1,2,4-triazolo[ 1,5-u]- 
pyrazine; 8-methyltriazolo[4,3-a]pyrazine; 3-pyrazine- 
carboxylic acid hydrazine; 1-(3-aminophenyl)ethanone; 
benzo[c]cinnoline and its methyl form; 2-amino- 
naphthalene. Isoquinoline is the most abundant basic 
compound in every sample. The nitrogen-containing 
aromatics such as isoquinoline and quinoline are more 
abundant than PAHs and oxygen-containing aromatics. 
The quinolines were reported in a California crude oil (20) 
and in the atmosphere (21) and may be derived from in- 
dustrial and diesel exhausts. Evidence that other nitro- 
gen-containing polycyclic aromatics exist in the neutral 
fraction is suggested by intesne molecular ion peaks at m/z 
265, 279, 391. 

Table IV. Volatile Organic Compounds in Rainwater 
Collected on Mar 26, 1982 

compounds formula 
Halocarbons 

1,2-dichloroethene CHClCHCl 
chloroform CH C1 
1,l ,l-trichloroethane CH,CCl, 
tetrachloroethene CCl,CCl, 

toluene C,H8 
ethylbenzene C8HlO 
m-xylene W , O  

p-xylene C8 H 10 
propylbenzene C,H,, 

Hydrocarbons 

concn, 
ng/L 

230 
250 

69 
21 

16 
9 
2 
9 

tr  

As seen in Table 111, the most abundant group is the 
unresolved hydrocarbon mixture probably originating from 
fuel combustion and motor exhausts, suggesting that an- 
thropogenic sources are the most important factor in 
controlling the distribution of organic matter in the at- 
mosphere of Los Angeles. The next most abundant group 
is carboxylic acids (mainly fatty acids), probably biogenic 
in origin, suggesting that natural sources are also important 
factors in controlling the atmospheric organic matter. 
Although phenols and benzaldehydes were detected in the 
extractable fraction as minor components only (Table 111), 
the corrected amounts for these compounds in rainwater, 
based on recoveries (Table II), suggest that they are sig- 
nificantly large. We believe that those volatile polar 
compounds are not effectively extracted from rainwater 
and/or are lost during TLC procedures, drying, etc. In 
fact, we found recently (by using continuous extractive 
steam distillation methods) that phenols, benzoic acids, 
and lower molecular weight fatty acids (C6-Clo) represent 
a major fraction of the organic constituents in Los Angeles 
rainwater. Their amounts are in the same concentration 
range as that of high molecular weight fatty (carboxylic) 
acids. 

Volatiles. Halocarbons and hydrocarbons were iden- 
tified by the helium purging method, in the amounts 
shown in Table IV. The concentrations were determined 
by comparing peak height of the compounds on the re- 
constructed ion chromatogram with that of authentic 
standards. These volatiles are probably of anthropogenic 
origin, since they are used as solvents and found in motor 
exhausts (22). The concentrations of the volatiles iden- 
tified are relatively low compared to solvent extractable 
compounds. Other hydrocarbons (n-hexane, cyclohexane, 
n-heptane and methylfuran, 2,5-dimethylfuran, 2,5-di- 
ethyltetrahydrofuran, dihydro-2-methyl-2(H)furanone, and 
1-(2-furanyl)ethanone were tentatively identified. Al- 
though the origin of furans detected in the rainwater is not 
clear, an earlier report (23) on the presence of 3-methyl- 
furan in rainwater from Washington, DC, suggests that this 
compound may originate from the photochemical oxidation 
of plant-derived triterpenoids. 

This study represents the first reported attempt to 
characterize the organic components in rainwater in the 
western US. The data contain a wide variety of recognized 
individual compounds; many others have not yet been 
identified. The mixture contains compounds that have 
previously been reported to arise from biogenic or an- 
thropogenic sources as well as from in situ photochemical 
reactions. Although we believe that specific anthropogenic 
compounds are formed from either mobile (auto exhaust) 
or stationary (refineries, chemical plants, etc.) sources, we 
have not yet been able to assign a specific (unique) source 
to many compounds. Continuing study will focus on 
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temporal variation and source apportionment of the or- 
ganic compounds in rainwater. 
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~ ~~~~~~ 

The fluorescence of humic matter is a ubiquitous phe- 
nomenon that occurs for isolated soil and aquatic matter 
and for natural water samples. This property is used to 
compare humic substances, but uncorrected emission 
spectra can be especially misleading for spectra taken on 
different instruments. This paper details the correctians 
of emission fluorescence spectra of weu-characterized fulvic 
acids isolated from soil and a fresh-water river. The 
corrections significantly modify the uncorrected spectra. 
This effect demonstrates the need for emission spectra 
corrections before comparing the fluorescence properties 
of diverse humic matter samples. 

Introduction 
The fluorescence of humic matter is a general phenom- 

enon, and there have been several publications on the 
fluorescence spectra of isolated humic matter (1-6) and 
of natural water samples (7-12). Comparison of these 
samples is difficult or impossible with uncorrected spectra. 
However, to our knowledge, there are no examples of 
corrections for comparison of various samples measured 
in different laboratories. 

The purpose of this paper is to demonstrate the ne- 
cessity of correcting fluorescence emission spectra of humic 
substances and explain how to make the corrections. We 

illustrate the procedure with the emission spectra of 
well-characterized fulvic acid (FA) samples isolated from 
soil (SFA) and water (WFA) (6). The fluorescence emis- 
sion spectra of both FA samples are significantly changed 
by the corrections. Thus the corrections are crucial for 
comparison of humic matter measured by different labo- 
ratories on materials from different sources. No quanti- 
tative comparison of samples is possible in the absence of 
corrections. 

Generally the needed corrections are of two types (13, 
14). Type 1 correction is for background scattered light 
which is recorded simultaneously with the fluorescence of 
humic substances. This scattered light includes, in ad- 
dition to the classical Raman band of water, a background 
of white stray light coming from the excitation mono- 
chromator which is scattered by the examined solution. 
Because humic acids cause Tyndall scattering and it is 
possible that inorganic substances exhibiting this property 
may be present in natural water samples, the level of 
scattered light by water (Rayleigh effect) could be greatly 
enhanced (10 , l l ) .  Type 2 correction takes account of the 
variation of instrumental sensitivity with wavelength. 

Experimental Section 
Materials. Quinine sulfate dihydrate (QS) was pur- 

chased from the U.S. National Bureau of Standards 
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