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chemical composilion ot Fogwater collected along the calilornia coast
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Environmental Engineering Science, w. M. Keck Engineering Laboratories, Calitornia Institute ot Technotogy, pasadena,
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I Fogwat€r collected at both urba-n and nonurban coastal
sites in California was found to be consistentlv acidic.
Millinolar concentrations of NOr-. and fogwater pH values
below 3. were observed at sites downwinl of the Los An-
geles basin. Fogwater composition at remote sites showed
evidence of substantial continental and anthropogenic
contributions. Acid'neutralizingcapecities in co;stal air
were found to be very low ard insufficienl to neutralize
even small acid inputs. Ch.loride loss.relative to its sea salt
contribution was observed at sites furthest from anthro-
pogenic sources.

Introduction
Recent investigations of fogwater chemical composition

in the Los Angeles basin (1, 2) have revealed high con-
centrations of SOr2- and NO;, usually associated with very
high acidities (pH values tlpically in the range 2-4j.
Comparable acidities have been observed in low stratus
clouds collected by aircraft over the basin (J) and sampled
on the slopes of the surrounding mounLains 14), These
high acidiries have raised concern regarding potential
danqge to materials, veget€tion (5), crops (6), and public
health (Z). Laboratory studies have shown that aque-
ous-phase oxidation of S(N) io S(W) caa proceed rapidly
under the conditions found in fog droplefs (8) and in the
precursor aerosol at high humidities (9). Field data suggest
that aqueous aerosols are important sit€s for the conversion
of SO2 to HrSOa in the atmosphere (10-tJ).

Fogs are frequent seasonal occurrences along the Cali-
fornia coast. During the summer, coastal stations may
report over 50% foggy days (14). These fogs are often
coupled with land breeze/sea breeze systemi, which re-
circulate the same air parcels several times across the
shoreline (12). Tracer studies in the Santa Barbara

Channel (15) have shown that emissions from offshore and
coastal sources may reside several days along the coast,
These humid, poorly ventilated conditions favor pollutaat
accumulation and HrSOn production.

As part of an ertensive fog sampling program in Cali-
fornia, we have collected fogwater at a number of coastal
sites. Coastal fogs may be a major cause of sulfate pollu-
tion episodes in southern California (,13). Furthermore.
impaction of fog droplers car be an important 

"or."" oi
wat€r and chemicsl loading to the coastal vegetation (.16);
in some cases, fogwater has import€nt local implications
for acid deposition. Recent interest in these problems has
been stined by federal plals to encourage oil exploration
and production in the outer continental shelf off California
(14.

Sarnpling Sites and Method,s
Fogwater was sampled at eight coastal sites and

island site (Figure 1). The sites, and meteorolor
conditions during sampling, are described in Tabie I.

lector samples air at, a rate of 5 mr min-l. M

Samples were collected with a rotating arm collector over
intervals ranging from 30 min to 2 h. The rotating arm
collector, which has been described in detail previously
(18), collects fog droplets by impaction on a slotted
rotating at high velocity. Droplets impacting inside the
slots flow by centrifugal force to bottles mounted at the
ends of the rod. In this way, impacted droplets are im.
mediately sheltered in a quiescent environment, and sam-
ple evaporation is prevented (.18). The rotating arm col.

rPresent addrees: Cent€r for Earth snd pla"etary elysics, Har-
vard University, Cembridge, MA.

laboratory calibration has indicated a lower size cut (b0%
collection efficiency) of 20-sm diameter.

A recent intercompalison of fogwater collectors (_19)

established that our rotating arm collector provides s
ples- that are representative of ambient fogwater. In
study, no significant differences in ionic concentra
were observed between samples collected concunently
the rotating arm collector and with a jet impactor i
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chemicallv reproducible samples; no significant
es in ionic co;centrations were found between

c;lected by two rotating arm collectors set side
; eide.
Fogwater pH was measured within 10 min of sample

wiih a Radiometer PHM 82 meter and Ra-

GK2320C combination electrode. The pH meter

calibrated before each measurement with pH 1 68, 4'

? standards. The pH readings were very stable, as

U Ue 
"tpelt"a 

in view of the high ionic strengths of
samoles. Maior ions and melals were analyzed in our

'rat"ory tt[owlng previously described protocol (JL The
.d*i"rro". ott?"mical aralyses were about 5% and

d"t""iion limits, 1 pequiv Ltr, for all ions reported'

ntralions to be determined were larger than 150

v L r, lhe samples had to be quantitalively dilured

'Detection ii*irt fot metals-were 1 pg L.l. When the ionic

to bring them within anslrtical range. Concentrations of
Na', K-, Ca2*, and Mg2* were determined by atomlc ab-

soiption spectroscopy on filtered aliquots; at some sites
(D;l Mar, Long Beach, Lennor, ard Morro Bay), we an-

avzea loth filLred and unfiltered aliquots and did not
obsewe sigaificant differences i]t concentrations' In sarn-

.rt"" 
"otlu.-td "t 

tome urban sites, Cl dercrminations by

ion chromatography were subject to positive interference

from unidentlfied peaks eluting just before Cf' The in-

terference was subitantial when Cli concentrations were

io*iil 
"on""nt"u,ions 

reporttd are then I upper bound

oi true Cl- 
"ott."ntrations 

and are identified as such' The

""ia""tin"a 
p"tt. were likely due to organic acids (21)'

Formate andicetate at concentlations nesr 104 M have

been observed bY us in inland fogs.
Liquid water iontent in fog wss estimated from the

cole&ion rate of the rotating arm collector, assuming thaJ

ihe itr"t t-"tt 
"ollects 

604 of the incident water' This

"-pili"a "ot.""tion 
factor of 60%, which is justifiable by

the experimenral lower size cut of the instrument' leads

in fiou^ia *ut", content estimales lhat are in reasonable

uereJment twitltin a factor of 2) with those determined by

i"'r", t,"n.-irro."ter and Hi-Vol filter methods (J8' l9'
izr. 

- 

If .o*t f" 
"."ssed 

that there is at this time no widely

^"""pt"d 
t"*tod for measuring liquid water content in fog'

*dii."..p*"iu. uy a fachr;f tare comnouly obsewed

L"i*""tt dif"t"ttt *ethods (22). Estimate of liquid water

"ont""f 
fto- the collection rate of the sampling device

ot"r"nt" ttt" advantage of coinciding in time and space

*ith the chemical characterization of fogwater'-i-tt" 
-"ti"", continental, and anthropogeniccontribu-

tions lo the fogwater composition were determined from

" "out"" "ppo""tionment 
matrir for primary California

""i"."i iffi ir"ute II). Because of the relativelv small

ru-l* 
"f "f"-"tts 

analyzed and the large spread in el-

emental concentrations, a stepwise apportionment ap-

n.cl."fr *"" ut"a instead of tbe usual least-squares fitting
lrol"dut". First, contributions from automobile exhaust

and fuel oil fly ash were determined from the concentra-

l["t 
"i 

trt" pL .tO V, which originate almost exclusivelv

ito* ift"." two sources, respectively The sea salt con-ently wltn
tor devel-

ical SocietY
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Tsble II. Source Concetrtrations of parti.ulste Mattur"

% ma,ss

sea soil ceDent fuel oil
sslt dust dust fly ash
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exhaust

2h

0.02b
x

x
0.4

40

tRef 24. "Ref 25.

30.6 2.5 0.4 5
2.6 o.tb 0,16 1sd
1.16 1.5 46.0 1.3
3.7 1.4 0.48 0.06
1.1 1.5 0.53 0-2

10-4" 0.006 xd 7
10-6" 3.2 1.09 6
10-6. 0.02 x o.o?

. dData from ref 23 unless otherwise specified.ox, oeslisibie.

Na
S
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K

Fo
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tribution was then determined from the remaining Na, and
from there the cement dust and soil dust contiibuiions
were determined from the remaining Ca and Fe. The
calculation was it€rat€d if necessary until observed Na and
Ca were accounted for to within 5 % . No such constraini
was placed on the fit to Fe because of the variabilitv of
Fe concentr_atione in eoils (26); it must be kept in mind
that, depending on the actual Fe fraction in soil dust, the
determined soil contributions 'nay be substentially oif.
Similarly, fluctuations of the V content of fuel oii will
correspondingly alter the fuel oil fly ash contribution from
that given in Table W. The contribution of secondarv
QOI- 1as ca.lcutated by subtraction of prinarv contrllu'_
tions from the total SOI- concentration. Ali NOr- was
assumed to be of secondary origin.

Results sn d D i.s c Lls s ion
Fogwater Conc€ntratiom. Table Itr gives liquid water

weighted-average fogwater concentratione for each event;
the detailed data set is available elsewhere (22). Results
oftbe aource apportionnent are given in Table IV in terms
of fopater load;ngs, which we define as the mass of ma_
t€rial in fogwat€r per cubic meter of air. Fogwater losdin.ss
were obtained by multiplying the fogwaterioncentratiois
by- the liquid water contenr of the 1og.

In Table V elemental ratios in fogiater are compared
to those for eea salt. The observed Na/Mg ratios were
clos€ to that &r s918alt; exceptions we"" tt u-l_o"g Bu""h,
l,emor, and San Marcos sit€s, where sea salt con-stitut€d
only a small fraction of the tot€l loading and significant
eoil dust contributions of Na and Mglwere 

"ippr.""i.Calci:rl and sulfate were partly of 
^"ri"" oriji" Uut

ueually had larger contributions from dust (calciut) and
secondary production (sulfate). The K/Na ratios'were
cloce to that for sea salt at Del Mar, San 

'Ncholas 
Ieland,

and Pt. Reyes; soil dust was an important eouce ofK ai
other sites.

The sites in and around the los Aageles basin were hv
far the met affected by a.nthropogenic-eource.s (Table nD.'lhe large contribution from automobile erhaust in the fos
samples collected at Lennox can be attributed to thE
nearby freevay and airport traffic. Fogwabr coUe;j ai
Long Beach Harbor or Jan 6, I9gB, n"a tnu ""-" nbl:
loading as fogr-ater collected at Lennox on the same nighi,
lyl SOI- loadings ar Long Beach Ur"Uo. *"ru e iii-"J
higher-than at Lennox. The SOa2-/NOr- equivalent ratio
was 

^1,9 
in.fogwater-at Long Beach Harbor. compared to

0.2-{.5 values usually observed in the Loe AneeLs basin(J,2). Caes (10) has shown that SO.2- concen-trations in
the l,os Angeles basin peak in l-ong BLach Ha"bor becaus;
of residual oil bu-rning by ships.

The fogr ofDec 7 and Dec 18, 19g1, at Lennox and Dec
7, 1983, at Corona del Mar occurred during severe sulfate
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Flgtro 2, (a) Fogwat€r concsntratbns at Det irar. pH vatues 6nd
water clntents (g mii ln parenth€s€s) are lndicai€d on top o,
data b8r. (b) Sourc€ contrtbdbns to th€ fogwator to€dtng ai Dot
the fogwatsr loadlng is dofined as tho mass ol nuterlai tn
p€r cublc meter of air. Contrlbudons trom soit dust, fly as-h,
exhaust wer6 not d€tgrmlngd lor th€ hst sample.

po-llution.episodes in tbe l,os Angeles basin. Fogwater
values b€low 3 were consistently observed on thise nie
On the day following the Corona del Mar event, all
statioDs of the South Coast Air euality Marla
Digtrict recorded their highest 24-h 

-So,,r-"con;e;;

for 1.982, rarging frolal 23 to BZ llg mi. prevailing
w^ard transport of poltutaats on ih1 night of Dec dZ,
(28), explaias the extremely high aciidities observ
Corona del Mar; a second sanple (l mL) collected
lowiug the.first a.s the fog dissipated had a pH of 1.(
va]99 .which was later confirmed in the hbbratory).

High ionic concentrations and acidities were elso ic
in_samples collected at Del Mar on Jan 8, 1988 (Fisur
NW winds over Del Mar at the begiffiing of the sJ
period-carried pollutants from the Loi Angeles
which had been transportcd offshore by weaf NE
the previous morning (29). Flow was ieversed by a
veloping land breeze between 1900 and 2000 irar
stsndard time, and inlaad air from guburban San
County was advected over the site. Sea sa.lt concentl
dropped co,nsiderably as the lartd breeze developed;
tributions from anthropogenic sources. and acidities,
decreased.as the Los Angeles air was replaced by
polluted air.
_ _Fogwater collected at Sart Marcos pass (low stral
Morro Bay, ML Sutro, and pt. Reyes contained much
NOr-, secondary SOaF, and automobile erhaust ihar
water collected in the Los Angeles basin or dowrrq
However, except at Morro Bay-, aJI samples were a
fogwater pH rarged from 4.21 r,o 1.69 at San Marcos
and from 3.60 to 5.00 at Pt. Reyes. Significant
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Table IV. Sourc€ Codtributions to Fogwatet Loading

mass loading,'sg m-3

site

Del Mar
Corona del Mar
Long Beach Harbor
Lennox

Dec 7, 1981
Dec 18, 1981
Jan 6, 1983

San Nicholas Island
San Marcos Psss
Morro Bay
Mt. Sutro
Pt. Reyes

AW 9, 1982
Aug 10, 1982
Aug 11, 1982
Aus 12, 1982

_6

0.58

8.7
5.7
1.8
0.55
0.27
0.97
0.22

0.7 4
0.?9
1.6
1.6

4.5
6.4
5.8

10
8.9
1.0

1.1
0.9
0.64

2.2
0.29
0.9
0.45

28
54

30
25

3.9

1.9
1.1
0.30

1.8
0.16
0.28
0.074

sea salt

9.0
6.1
1.1

0.64
1.0
0.50

0.33
7.5

l4
17
5.2
0.48

secondaty
Nor-

secondary
So.,t

automobile
exhaust

0.21

0.0s5

0.62

0.20
0.0064
0.023
0.0055
0.0033

0.0090
0.0034
0.014
0.013

soil dust cement dust
fuel oil
fly ash

Bitz Mgr*/Nat Cl /Na+

0.65 2-7
0.36 1.15
0.43 1.66
0.25 0.9r
0.40 1.96
0.30 1.61
0.26 r.31

0.25 0.86
o.25 1,45
0.24 1.30
0.24 1.37
023 l.l7

0.22 0.023
0.80
0.44 0.0036

0.94 0.019
0.64 0.027
0.25 0.012
0.41 0.0074
0.043
0.55 0.0086
0.16

0.21
0.038
0.01?
0.0051

Sol-/Na*

0.92
1.8
1.9

14

3.0
0.34
5.6
0.29
0.49

0.36
0.15
0.12

0,12

HNOl
2NOrr
H+(aq
H*(ac
H+(ac

- ' Mass loadings defiDed as the Dass of matrial in fogwat€r per cubic meter of air. Numbere given are averages for each event. t Mi
*1?:.^9:Ul!$* oorD soil du.st flv ash, or exhaueiwere not determined when the concentritions oittreii .?sp""iiuJ t"r"ers fne, vro, qrere m6gIDg.
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Table V. natios of Equieal€nt FoSwater ConcentratioDs

Del Mar
Corona del Mar
Long Beach Harbor
LedDox

Dec 7, 1981
Dec 18, 1981
Jan 6, 1983

San NichoLss laland
San Marcos PaBs
Morro Bay
Mt. Sutro
Pt. Reyes

Aug 9, 1982
Aug 10, 1982
Aug 11, 1982
Aug 12, 1982

sea selt

Ca'*/Na+

0.096
0.27
0.73

1.1
0.96
0.95
0.074
0.33
0.16
0.14

0.069
0.049
0.054
0.063
0.043

K+/Na+

0.018
0.098
0.20

0.19
0.23
0.21
0.024
0.27
0.086
0.080

0.026
0.023
0.025
0.039
0.02r

trations of metslg ard non-sea salt (NSS) Ca at all sites
show tlat the air Bampled was of partly contirentsl origin
even under onshore wiad conditions. Fogwater collecied
at PL R€yes under offshore wind conditions (Aug 12, 1988)
contained lees sea sail more soil dust. and more ;utomobile
er}aust than fogwater collected on other night€ under the
more usua.l onshore N-NW wind conditions,
_ -Nit_rate 

and secondary sulfate loadings at San Nicholas
Islald were higher ttran tlrose at other nonurban sit€8, even
thoughimpact of Los Angeles pollutqnts is very unilkely
urd€r the type of wind conditions observed on tiat nighi.
High concentrations of metals ard NSS Ca indicated tjrat
the air over the island was of mixed marine/continental
origin. The high ratio of fly ash to automobiie erhaust at
that Bite (as_opposed to the Los Angeles samples) suggests
lhat the acid input could have been mostly due to a iiumefrol either_oil drilling operations off pi. Conception or
the_Morro-Bay- power plant, advectcd over the site by
NNW winds; dilution of the plume would have been lim'-
ited by the.low mixing height obseryed on that night ard
the elow horizontal dispersion over the ocea-n (I5).
Ttansport from the Pt Conception area over San Nicholas
Island has been previously documented (J0).

Acidity-of Coaetal Fogs in California. Ubiquitous
acidic conditiors were obsewed along most of th; Cali-
fomia coastline. However, the precire origin of the acidity

73il Envlron. Scl. T€chnot., Vot. 19, No.8, 1985

data available. Acidic species car be transported over
distances with slow dispersion along the c;ast, becau
the sea breeze/lald breeze circulation system
persistent temperature inversions which limit

observed at remote sites is difficult to ascerf'ain

miring (.12, l5l. In the case of Mt. Sutro aad pt.

Marcos Pass. 3I% at Mt. Sutro, and  gEo atpl.
Ammonia emitted by agricultural sources was fourd

the low NOr-/SOa2- ratios observed suggest a
acidity especially rich in HzSOl. T\vo posiible s
sulfat€ emitt€d from residual oi.l combustion by sl
oxidation of dimethyl sulfide and other reduted
species volatilized from the ocean surface (JI, J2).

Fogwat€r at remote coagtal sites waa acidic even tl
the acid input wae small. Obviously, there was
kalinity available in the coastal air to neutralize
puts. The nonneutralized fraction of the acidity, [I
it_No3-l t 2tNSS)SOr2-l), was on the average 2BVo it

the main acid-neutralizing component at inlard
California (3.3)- An ercess nf NH^ /Ir = 11n M .,California (33). An excess ofNH" (H = 140 M atm
= 1.6 x 10+ M ar 10 oC) maintaini fogwater pH ab,
Fogwater below pH 5, as found along the coast, supl
only a very low NH, uapo" pressure a1 equilibrium;'u
those cond_itions, NH, is expected to te nearly Ithose conditions, NHe is Lxpected to ie nearly.
scavenged by the fog droplets. The relatively low
fogwater concentrations obsereed at coastal siLs (as



bile
St

vL cj.--ic;l Efitltb.t. httt"i"g cl- Loss in the

IITSOT-HNOr-EuO SYstem

""r"""i 
*"" t"-"t"d frim the air parcel during

equilibrium
reaction constant'

i$olll5'...t?lli:'==,i'S!',i,..\?linoaiil,l.l:l::,
ii;r""iii'* cl-i"qr = Hcl(c) 56 x 10-

ii-illi * i.rb. i"qr = srio,rer ll: l9;'
H*(aq) + So.'?-(aq) = HSO{ (aq)

Equilibrium constants calculared at 298 X from free enthalpies

r,-ation (J9)

rn NO; and SOr2 concentrations) show that alka-

ti". ih. ** tr;ung in coastal air' Soil dusr is an

"""J*.rt.! 
"iar.ainlty, 

but the extent of H+-neu-

ffl;;-;;;il;;;';iace reactions is limited bv the

;ir;;i.J"-J;;; present in the fogwater (Table

".il"##;#;;;';;nt involve the cations ca2*

T'il;ft;;;fu;""a q*.1."1*1t' 1" 19y$ *:^"-':::if;.#i"TJiil;;il'i 
-Alkatinitv 

rrom scavenged

dust was therefore exhausted' ^ !, rr---r-: rr^-in.
L1"-irifrti.ii'Ji sbiEon sea sslt Nuclei' Marine

:ffi;;;;;;b.erved previouslv to exhibit cl loss

;i;il;;J;;;d ;^salt contribution' chloride

;#dsT';;i,d 1"' tos"l-90 j9. 190,%, 9"-9I
ffii"""U""t*"ottted (34, 35) Chloride loss pro-

;;'i;;;';;;;'t"; o.f a ,-!rgnc 
"9id 

i'9 ::l :ili-:?:::""'#;i:.";Jile i" pH roi"ti"e -d volatirzation

bI.T;;;;;;i8.* u" Hlto, r'r-r.r 91{fo' !f.iiilil;;;T;ibljuv t'to,re) on Nacl(s) has dso

found to occur (37, 38)

tJi""\,i ;""."';;tw oi lu"-i"tl 'nuilibria 
involving

- loss. Above the deliquescence p,oini' volatilization of

;i#fi;d;;itil or "q"itiu;"- 
3' Both H$oa

fi il'oHa;;;ilcl(aq t'aerosol will displace cl-'
iili6; t'G; ;ril;'t-1r'9i 5-tsg, be.caus9,it, is.31lv

; i"'J;httl; il Ccl. Hit"t'"o"t er al 135) in-

il; i;il"e;;;"i HSon- do"' not displace cl-:

ii:A;i\il;; *i"6 r"ai""' 'h* {.sor, 1,"-9^1
i"."'""t".ru"t""irJ iraction of CI -at the liquid water

ents tvpical of haze (<10-r g m-')'
,iiI''i"r"i"tiii"",ion of HCj proceeds effectivelv in

iff;;: ;;td".;iion oi.q"itit'iu- 3 indicates that

;'i-ff;;;il;iii';Ji.' neut,a o' 
""idi" 

rog rhis is due

iir" rrtgrt riiiita;ter content of fogs Pdt" l*-l?T::
il ;;;;"p1"; 

^t 
compared to the smaller haze

?'Ci- *"tli""t i" trtu precwsor aerosol'^it shoul$

ff;;'"f,;;il" r"g bv scavenging of HCI(g)'

ia" iini"""v.irtii'"'pJ* t" it' 
'"a.'alt "9"t'l!lliliil:iHil;"T;;ilpi LJ "it'u' 

tr'"t airfusion-limited
ffi;fitffiCiG;'[i in" roe a'opl"r^s did not proceed
^""';'piiL[T 

"'.'Yr,"i',ii" 
Hd-tr g) 

-uot"t+t":1-11"T.-:l:

have reported deposition velocities over Lhe ocean surface

li"o.+ ,'"r"'":'r"i "erosol 
Na and 0 8 cm s-r for gaseous

inorganic Cl.

Conclusion

Foswater samples collecred at both urban and nonurban

"t;""""i;;;i;; 
;;;"t oi c"lifot"iu *"'" consislenl Iv acidic'

6u-U.t 
"ii'a 

aon,in"ntal and arthropogenic influences were

determined at remote coastal siles Acld-neutrallzlng ( a-

;::;;-;'i;;;;;;i air were found to be verv low and, in-

i,?n.i*i il't""i.ai"" even low acid inpur's' CNoride loss

in foewater relalive to irs sea salt contrlbutlon was ou-

"..u"1 
at sites furthest from anthropogenlc sources 

,

Flxtremelv high fogwater acidities were observed ln rne

#"d;d; ;;""; ;ii Jo*''*i nd. Fo gwater pH d ropped

ilil'fiil;;;; ildownwind of the basin during a high

l,iui Jo"ii,rt" 
"pisode' 

Millimolar Noc :"i*lllill."l"i
and pHvalues below 3, were associated wlth Lne aqve(Lruu

;i;i;i;; A"c"l". plume over a site near San Diego'
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and solid waste from Hooker's production of 4_ch(trifluoromethyl)benzene (IS). iherefore, it is not
prising tbat a variety of fluorinated o"g"oic 

"o-powere detected in sediments of Bloody Rrin Creet (i).

to 1975.. Approximat€ly 55 OOO tons of halogenated
was buried at the eite, and of this, about 10-% was

were detect€d ur sediments of Bloody Run Creek (I).
two most abu.ndart were compounds I ard 2; they

cl ct

c'(]rc"(]) ",(_)"oObr, -"r,
shglyn to be byproducts from the sSmthesis of 4-c
(trifluoromethyl)benzene arrd eeem to come from the
Park d 'ynp (1). These two compounds we"e also det
in sediments from the western altd central
basias oJ Lake Ontario itself (8). This paper
some related, potentially persistent, flu-orina.
compouds that were discovered through aralyses
agara River and Lake Ontario sedimeit and frsh.

Experimental Section
Sediments. Lake Ontario eediment cores were

from the major sedimentation basins: the Niagara,
sissagua, Rochester, ard Kingston Basins.
done in Aug 1982 by researchers at the Nationd f
Research Irstitute of the Canada Centre for Inlsrd W
a^t^PujlinSton, Ontario; sampling was carried out
CSS Limmos. The sedimentUDD .Llmmoa. l'he sediment grab sample from B.
Hun Ll_reek was obtained with the cooperation of the
York State Department of Environmenta.l

Identilication ot New, Fluorinated Biphenyls in the Niagara River-Lake
Ontario Area

Rudolt Jafte and Ronald A. H[€s.

School ot Public and Envlronm€ntal Aftalrs and Department ot Chemlstry, Indiana Unlversity, Bloomington, Indiana 47405

I Sediment and fish s,Tples from t}le Niagara River a:rdLate Ontario were analyzed by capillary -gas 
chromalo_

graphrc Farls spectrometry using negative ion metha_ne
chemrcal tontzation. A series of bis(trifluoromethvl)_sub_
stituted polychlorirated biphenyls was disco""r*: Th;;
co'ppir,.nds were present in fish as well as in sediments.
and,therr maJor_aourceseems to be the Hyde park dump
in the city of Niagara FaIs. Ny.

Introd.uction
Several hazardous waete disposal sites are locsted alon_s

the shores of the Niagara River. Most of theee si@e ar"e
located in the city of Niagara Falls ,ra 

"r" t"o*rrlo
polut€ the Niagara River (1). Thig iB urxfonuaate because
the Niagara River is the major wat€r eource for Lake
Ontario; 83% of Lale Ontario'e total water input ard b0yo
of tlrg la&e's annual suspended solid load enter through
the,Niagara River each-year (2). As a result. anthropogenic
pollutanLs have been found to be transported by ih; Ni_
agara River to Lale Ontario and to accumulaie in the
sedirnent (3-8) ard in fish and ott 

". 
uquatl" oi!."i"-,(e-14).

. A large percentage of the toxic wastes placed into the
dunps ia the city of Niagara Falls consisteri of fraoge".i"a
organic compouads (75), a significant (but un-kno*ni
lraction of which were fluorinatcd chemicals. Some of
these.fl uorinate-d orgarrjc compourds have pre"iou"ly1"*
rdenhlled rn sediment from the Bloody Run Creek 11) and
in fish from the Niagara River (9).

. Bloody Run is a small creek that draine the Hyde park
dump in Niagera_Falls. This hazardous waste d;;".rf ;;
was operated by the Hooker Chemical Co. fron about fSSj
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