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~ ABSTRACT

Water samples from the central and eastern baéins of Lake Erie
were analyzed for volatile chloro- and chiorofluoroearbons for a one
weék period each in 1977 and 1978. The followingvcontaminaﬁts were
observed with mean concentrations and standard deviotions in 1978

with the corresponding valués for 1977 in pérenthesés: Dichlorodi-

. fluoromethane (Freonv12) 76 * 38 (73 * 36) ng°£'1i trichlorofluoro-

 methane 34 * 26 (46 * 40) nge2~!; chloroform 15 ¢ 4 nges-?!;

carbon tetrachloride 19 % 11 (37 # 20) nge2” 1;ft'richloroethylene

20 + 13 (11 £ 9) ngeg-! |
Except for carbon tetrachloride and trichloroethylene; fhe

distribution patternovappeér to Show little correlation with each

other. Chloroforii concentrations were relatively uniform, however

'the carbon tetrachlorlde and trlchloroetnylene concentrations appear

to be point-source related with dlscharges along the south shore of

- Lake Erie. Freon 12 concentrations were generally hlgher in the

eastern basin than in the central ba51n wh11e Freon 11 levels were

high and relatlvely uniform throughout the study area.
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INTRODUCTION |

“In'recént-years,”the contamination of fhe biosphere with‘
hazardous organic compounds has become of foremost concern. The
identification and measurement of persigtent contaminants is the =
subject of many research and monitoring activities. For some, the
environmental pathways are knpwn to a large extent; however,
information is lacking on the traﬁsport of contaminanﬁS'from air
to water'and-vicé versa. For example, theoretical calculations
(Mackay and Leinonen, 1975; Dilling et al., 1975) show the rapid
loss of poorly soluble, high boiling-polychIOrinated biphenylé (PCBs)‘
fme.watef surfaces. At the same time, however, analyses of dry |
and wet precipitations. (Strachan et al., 1979; Murphy and Rieszuﬁko,
1977), indicate a considerable atmospheric_falioﬁt of such éompounds'
onto 1and and water surfaces. As‘a result, it appears to>be étill
in question whether large lakes act predominantly as sinks §r as
sources of such contaminants.

The findings of haloforms in raw and drinking waters (Symons
gE_glA, 1975) inereased the'interest in orgahic contaminants of
aquatic systems, specifically with respect to the more volatile
components. Actual haloform concentrations and potential haloform
pxodﬁction from common, semi-naturally dérived precursors are
presently being investigated at vafied locations in Canada (Lawrence,

1978). However, contaminants with little direct effect on aquatic

life are seldom investigated in aquatic systems. The recent evidence
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Presented op the Occurrence and distﬁbutbn of chlorofbrm, carbon

EXPERIMENTAL

Sgggling and Processihg

1130 hours, August 8 to 0400 hours, August 12, 1977 and 1209 hours,

June 19 té 0515 hours, June 23, 1978, Sampling depths at most

-cylindrical Separatory funnels, equipped with 2 mm bore Tefion R
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stopcocks and Teflon R sleeve-lined glass stoppers. Upon tranSfep

"to the laboratory aboard the ship, each separatory funnel was drained

to a sample volume of 100 ml and was again sealed with the stopcock
and immediately evacuated with a rotary pump for approximately ten
seconds through the funnel stopcock. The finnel stopéock was
closed and the evacuated funnel, with é headspace of approx. 25 ml and
100 ml of the water sample, was inverted and placed vertically in a
water bath of 90°C,‘with the level of the water bath above the watgr Y
level of the sample but below the stopcock of the separatory funnel.
Each funnel was kept iﬁ the water bath for a minimum of 10
minutes during which the funnel was a few‘fimeézvigorously.éhaken by
hand. It was then taken from the water bafh and connected in the
inverted position to a 15 cm long rubber tube (6 mm ID, 16 mm OD) and
the tubing_and glass stem of the funnel were e&acuated. A 10 ml glass
ampoule, previously béked at 450°C and also attached to the.rotary.
puﬁp with a Tygon R tube, was als§ evacuated and then placed iﬁ liquid
nitfogen. A'straight, 2 mm bore, three-way glass stopcock connected
the’separatory funnel via the rubber tube to.the rotary pump and to the
ampoule via the Tygon R tubing and was uéed to trangfer thé‘heédspace
volatiles fo the giass ampoule. Care was taken to ensure that only the
headspace gases and'watef Vépour‘from the sampie wére transferred to
the ampoule by slowly 6pening the funnel stopcock and‘closiﬁg it again
after approximately 10 seconds. The glass ampoule was.then taken
from the 1liquid nitrogen bath and quickly“sealéd While under vacuum
with a propane torch. The sealéd ampoules were kept in the dark at

room temperature until analysis.

01-1075 (12/74) DOE 1075
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1. Analysis

ro

Prior to the gas‘chromatographic (GC)_analeis of the headspace
3 samples contained in the sealed ampoules, the gas samples were quantita-
4 tively transferred into graduated 15 ml centrigute tubes.with grouﬁd

5 glass stoppers. For this, a centrifuge tube was filled with distilled

6 wéter, placed in a large beaker containing 2 £ distilled water and
7 inverted, taking care that no air was trapped inside. A small glass
8 filtering funnel was inserted into the centrifuge tube and the ampoule

9 placed beneath the cone of the filtering funnel. Upon breaking the tip

10 - of the ampoule, its gaseous content escaped through the inverted filter'
11 funnel info the centrifuge tube, displaciﬁg‘part of the watef, normaliy
12 é 10 to 12 mi volume. Upon completion of the gas‘transfer, ﬁhe céﬁtri-_
13 fuge tube was stoppered under water and placed upside-down in a wire
14 rack. .The reﬁaining portion of the water in the centrif@ge tﬁbe thus
15 sealed the gas sample from the air.
- 16 For the GC injection, a centrifuge tube was turned right side
17 up and the glass stopper raised by approximately 5 mm tovéfeate a small

18 slit between the tube and stopper. .Through this slit, the needle of a

19 100 p& gas tight syringe (needle length, 7.5 cm; 0.4 mm OD) was inserted

20 until the needle tip was approximately 1 cm from the surface of the
21 ‘wate?; | After sampling, the syringe was

22 withdrawn from the centrifuge tube, the tuBe again stoppered and

23 ’invertedlfor-stprage. The'volume of the sample in the syringe was

24 adjusted to 100 &, and then immédiately-injected into the gas

25. chromatograph. This method of sample withdrawal allows only one

01-1075 (12/74) DOE 1075
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quantifative injection, but further injections can be made for

qualitative confirmation and to give concentration estimates analogous

" to the method by Mackay et al. (1975).

For the GC aﬁalysis, a Tracor 220 M gas chromatograph with
eléctfon-capture detector and linear eléctrometer was used. 'COIUmns
uséd were (1) 1.8 mm x 3.2 mm (I.D.) glass with 3% Dexsil-300 on
80/100 mesh Gas Chrom Q, conditionmed at 150°C; (ii) 1.8 m x 3.2 mm
(I;D;) glass with 100/120 mesh Porapak Q, precleaned by Soxhlet
extraction with acetone and hexane,»conditioned at 220°C; (iii) 1.8 mm
x 3.2 mm (I.D.) stainless steél with 0.2% Carbowax 20 M on 80/100 mesh
Carbopack C, conditioned at 180°C. o |

Chromatograph parameters were: Iﬁlet temperature: 225°C;
détectpr temperature:7310°C; carrier gas: nitrogen at 35 ml/miin
,(pressuré 2.0 kg-cm ?); oven temperature: ambient for Dexsil-300

column, 170°C for Parapak Q column, and 120°C for Carbowax 20M column.

Standards and Injection
For quantitative purposes, both a chlorofluorocarbon and a

chlorocarbon standard were applied. The chlorocarbon standard was

prepared by addition of each of 50 pf CHyClp, 2 uf CHCls, 1 uf CCly,

5 ui C2HCl3, and 3 pf C3Cly to 5 ml hexane, resulting in the primary
standard solutoin (A). Five pf of A were injected into an air-filled
1 % separatory funnel where it quickly volatilized to become a 1 %

reservoir of working standard (B). Standard B was freshly prepared

- every week. Chlorofluorocarbon standards were prepared in a room

01-1075 (12/74) DOE 1075
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separafe from the analytical laboratory in the féllowing way. Four
42 of liquid Freon 11 (at’0°C)_were injeéted iﬁtobthe airspace'of a
125 ml separatbr? funnel. A volume of 1000 ﬁz of gaseous Freon 12 -
was added to this separatory_fﬁnnel to result in the primary (gaseous)
freon Standard (C). After shaking the funnel C to ensure homogenisa-

tion, 30 uf of the gas were withdrawn and injected into an air-filled

1 % separatory funnel to result in the working standard (D) which was

prepared twice a week.

For the preparation of the standard solution, appropriafely
sized gas-tight syringes were used. For the inﬁections into the
chrpmatograph, a 100 u2 gléss syringe with luer tip, fitted with Kel-F
hub and stainless steel needle, 75 mm, 0.6 mm O.D. was used tﬁroughout.
All such injections were done using an injection volume of 100 ug .

For the analysis of volumes of less than 100 pf of éither the standards

or samples, the desired volume was withdrawn from the standard or

- sample and made up to 100 uf volume with air. This technique was also

used  for the spiking of samples and the.quick preparation of other
mixed gases. .

Prior tO‘the'quantitation of samples or standards, éeveral
injections of 100 pf each of air were made into tHe chromatograpﬂ'to
ensure proper and stable fpnctidning of the system. Gas leaks, aris-
ing in particular from a worn septum, tended to result in a baseline
drop prior to the elution of the oxygen,_pro?iding a simple means of
checking.the performance and sensitivity of the instrument and detector.

The routine analytical detection limits were 5 ng.l;l Freon 12,

01-1075 (12/74) DOE 1075
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2 ng.& ! Freon'11, 4 ng.% ! chloroform, 2 ng.% ! carbon tetra-

chloride, and 2 ng.%"! trichloroethylene.

RESULTS AND DISCUSSION

Individual measurements for each contaminant ffom vérious dépths
at each.statibn were combined to result in arithmetig'station means of
a contaminant for each station for each of the sampling'ﬁeriods in 1977-_
and 1978. The number of individual samples per station &aried from
station to étéfion and between years; however, most stations éomprised'
at least one sample-each of surface (1 m below surface) and'bottbm (Im
above bottom) water. The mean number of samples per station-wgre 2.14
for 1978 and 2.27 for 1977. Due.to incbmplete sampling, loss of samples
during processing and analysis, on1y>96 out of 107 (in 1977) and 110.
(in 1978) stations are represented by the data.

Combination of station means resulted in arithmetic cruise means

" of the contaminants for each of the study periods in 1977 and 1978.

Table 1 gives a summary of such cruise means, the respecti&e standard
deviations, relative standard deviations and concentration ranges
observed. A more detailed calculation of the cruise mean and standard
deviation for the 205, individual sample results for Freon 12 (1978)
gives 74 * 44'ng'2’1, an ihsignificéntly‘different mean and higher
standard deviation from those calcﬁlated for the 94 stations means for

Freon 12 (1978) of 76 +38ng+%"!. These differences appear small enoﬁgh

01-1075 (12/74) DOE 1075
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to-justify the use of the ungrouped stationvmgans rather than that qf
each sample for the calculation of the cruise means and standard
deviations. The distribution of the ﬁéasured contaminants, however,
was found to vary considerably from station to station for each of |
the cruises as well as in between the cruises. Attempts to corrélate‘
chlorocarbon and Freon concentrations with either the depth or tempera--

ture of the individual water samples were unsuccessful. Possibly a much

- larger number of stations and more samples per station might show such

correlations if they exist at all.

Freons
The chlorofluorocarbons - Freon 12 (CC1,F,, dichlorodifluordmethane)
and Freon 11 (CC1;F, trichlorofluoromethane) - were observed in samples

from all stations, ranging in concentration from near the detection

‘limits to over 200 ng*%£~!. Chlorofluorocarbons have been observed in

trace quantitiés in a few finished drinking water samples from the U.S.
(Shackleford and Keith, 1976) and they were also reported as contaminants
in large areas of the Atlantic (Lovelock gz_gl, 1973). Most commonly

used'analytical techniques for the determination of volatile constituents

of water are unsuited for the detection and quantification of the

. chlorofluoromethanes as the adsorption and desorption steps are

presumably less quantitative for these relatively non-polar compounds.
In addition, the Freons are not separated from the solvent fronf under
regular gas chromatographic conditions. The techniques used here are

adopfed from the procedure by Kaiser and Oliver (1976), which does not

01-1075 (12/74) DOE 1075
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1;, involve any adsorption steps. For‘FreOﬁ 12, the crﬁiée means and
2 associatedvstandard_deviatiohs (Tabie i) weré virtuéily idéntic#i fqr
;ig; ﬁére 3 both_1977Aand 1978. Figure 1 shows the distribut%bn'of F?eon'lz ih‘,
4.', 1978. In that year, levels were found to be reia;ively uniform -
5 thfoughout the lake with most stations haVing mean values of 50 to
6 100 ng-2~! levels; But approximately half of the stétions in the
f eastern basin shoﬁed means of less than 50 nge2”! and one zone of
8 .stations between the Sandusky and Cleveland areas and extending in:
9 a northerly directioh showed station means generally above 100-£~1.
10 ' Overall, there has been 1itt1e change from the results for Frgon 12
11 in 1977. | | |
. , 12 Freon 11 concentrations were less than those ‘of Ereoh 12 in
| 13 both 1977 and 1978,. Hdwever, the'reiatiVe standard deviatio@s of
14 the cruise means of 87 and 76 per cent were significantly.greater fof
15 the Freon 11 levels than for the correséonding Freon 12 levéls:
16 (Table 1). This is_primarily a result of the muchﬂless'eyen distribu-.
17 tion of Ftéon 11. As can be seen from fhe distribution of Freon 11 in
‘iigé iere _18 - 1978 (Figurg 2), statibns in th¢ eastern basin of Lake Erie:generally'
| o 19_ had levels .greater than 50 ng-l'l, while the central basin had levels
20 predominantly.leSS than 50 ng-%-!. In 1977, a similar situation wés
21 obseryed with Freon 11 levels predominantly in the range of 25 to
2 g9 ngef-? in the eastern basin and mostly below 25 ng-l_l.in the
B central basin of the lake. |
o 24 Correlations of the Freon aﬁd chlorocarbon data for both sampligg
;'l_lg-ehgre % periods are given in Table 2. 1In 1978, for example, the correlation

01-107% (12/74) DOE 1075
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coeff1c1ent for the station means of Freon 12 with those of Freon 11

of 0.09 is very low and 1nd1cates a dlfferent dlstrlbutlon pattern of

the two contamlnants which is also ev1dent from a v1sua1 comparison

of Figure 1 and Figure 2. In contrast, w1th a correlatlon coefficient

of 0.31, the Freon 12 levels of 1977 correlate much better with the

_ Freon 11 levels of the same year.

A variety of chlorofluoromethanes ahé chlorofluoroethanes have
found large scale use as propellants, refrigerants and blowing agents.
In partieulér;vFreon.IZ and Freon 11 are common materials for such
purposes (Howard énd.Hanchett 1975). The magnitude of the consumptlon'

of these materials is ~apparent from the world U.S. total, and U.S.

Great Lakes basin production rates, as given in Table 3. McCarthy

et al. (1977) estimated that approximately 90 per cent of the cumulative
world production up to the year 1975 has been released into the
atmosphere.

No direct tokic effects of either Freon 12 or Freon 11 to biota

at the environmental levels observed are known. However, in recent

years, concern has arisen with respect to the adverse effect of

chlorofluorocarbons on ozone in the stratosphere. Such concern appears

to be well founded and has resulted in an intérnational effort to

restrict the production and release of chlorofluorocarbons. Seigneur

et al. (1977) noted the effects of organic solutes in water on the

water solubility of Freons. For common pratticél purposes, the solu-
bility of chlorofluorocarbons in water i$ negligible. With the

presence of many solutes, most of which lower the surface tension of

01-1075 (12/74) DOE 1075
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from the potential flux of this gas from the air into the water.

11 -

water dramatically, an increased exchange of Freons between the
atmosphere and water may be possible. It is assumed that the distribu-
tion of Freons in‘the_Lake,Erie-water.samples‘isvprimarily'a function

of the Freon concentrations in the overlying air and diffusion into -

and out of the water. This assumption appears to be supported by the

interpretation of Figures 1 and 2, respectively, which do not show any"

recognizable plumes-or concentration gradients originating from the -

larger urban and industrialized areas of the shores of the lake. The -

"observed station means result in'a higher ratio of Freon 12 to Freon 11

' the central basin and a lower.ratio in the eastern basin of Lake Erie.

With the assumption of similar diffusion rates for both contaminants,

‘it would indicate that Freon ‘12 concentratians in the air are highér

over the central basin and lower over the eastern basin with the opposite
holding true for Freon 11. ' ST

Based on the observed means of Freon 12 and Freon 11 (Table 1)

. and assumlng an uniform ‘distribution of both throughout the lake and a

-lake volume of 470 km® (Siy, 1976), the total amounts in the lake

were calculated as approximately 35 x 103 kg Freon 12 and 18 x 10° kg
Freon 11, respectively. These amounts ére'equivalenf to 0.3 per cent
of theveStiméted.annual production in the U.S. Great-Lake§ basin of
Freon 12 and 0.2 per cent of that of Freon 11 (Table 3).

The amount of freon'ianake-Erie{'as calculated from the

observed concentrations, compares reaéonably well with that calculated




1 Background concentrations of Freon 11 in air.over North America were

3

reported as approximately 100 x 107*% g.m ® with urban areas

o

3 | vfrequently showing levels of up to 10 to 100 times higher (Singh et

"4 al., 1977; Wilknisé gg_gl:,_1975);r As large urban areas are

.5 sitoated to thobwest and northwost of Lake Erie, upwind from the

S 6 prevaiiing westerly winds (Simons, 1976), the concentration of Freon 11
7 is .estimated to be 3500 x 10‘12 g.m™? in the oyerlfing air.‘ ‘Given a

8  lake surface of 25 x 10% km? (Rainey, 1967),‘the amount of Freon 11
9  in the lake is calculated to 11 x 10% kg, according to the procedure

10 by Liss and Slater (1974).

11 ,
. o 12 Chlorocarbons
| 13 ' Three chlorocarbons, chloroform, oarbon tetrachloride; and
‘14  trichloroethane, were observed in most water samples from both cruises.
15 Chloroform‘haS-been récognized as a Widespread contaminant of drinking

16 water (Shackleford and Keith, 1976) and is thought to.arise primarily
17:v from tnhe chlorination of raw and wastewaters (Morris and Baum, 1978).

18 . Lawrence (1978) and Noack and Doerr (1978) investigated haloform and

19 potential haloform concentrations in several water sources and under

20 varied conditions and confirmed that potential haloform concentrations
21 are related to thé concentrations of humic materials in such natural

22 waters. In addition, chloroform and, .to-a leséer degree, carbon

23 . tetrachloride, are.formed by the disinfection of wastewater with

24 chlorine. Comparatively little is known about the origin of triohloro—

5 ethane in lake water. In addition to the above-mentioned sources, each:

01-1075 (12/74) DOE 1075
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of these compounds can enter the aquatic environment from direct

discharges from manufacturing and use processes, as well as from the.

atmosphere, as reviewed by Giger (1977). In order to relate these 
possible_soufces.td'the concentratioﬁs 6bserved, it is of interest
to cdmpare the relevant production aﬁd use figUres:with the
concentrations and quantities observed as shown in Tabie 3.

A large survey of halomethanes in raw and finished drihking
water By Symons gz_gi:"(1975j reported the‘absenée of CHC1; and
CCl, from raw water for Qleveland; Ohio, téken from Laké Erie.
H;wever, such findings can now Be'augmenped by our‘results,vas

our detection limits and most concentrations observed are lower than

the limits of the above survey (50 ng-#~' of CHCl, or CCl,).

Chloroform
"The distribution of chloroform in 1978 is represented in
Figure 3. Most stations showed levels of 10 to 19 ng-l"l with little

variation to either higher or lower concentrations. This result

_appears somewhat surprising in view of the known formation of chloroform

by wastewater chlorination, which is commonly practised in the larger

urban areas. No localized effects can be seen in the observea-
distribution»of chloroform. Only partial data on chloroform are
available for the 1977 cruise. Such data, however, appeaf to be
quite simiiar to those of 1978, indicating no significant difference
between the two sampling periods.

The chloroform means of each station were compared to ‘the means

01-1075 (12/74) DOE 1075
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: of the other‘oontaminants (Table 2). Both with Freon 12 and Freon 11,

1n51gn1f1cant torrelatlon coeff1c1ents of 0.02 and 0 14, respectlvely,

" were obtalned for the chloroform concentratlons in 1978. The

correlation coefficients of chloroform with carbon tetrachloride and

with trichloroethylene were much higher'for the same year. In particular,

the coefficient for trlchloroethylene and chloroform of 0 37 is

151gn1f1cant at the 99.9% contldence limit and indicates a basically

similar distribution pattern of these two contaminants.

Carbon tetrachloride and.Trichloroethylene'

Carbon tetrachloride and trichloroethylene have frequently'been
observed in environmental samples. Numerous accounts establish their
widespread presence in both marine and freshwater systems, as reviewed
by Giger (1977). As evident from a comparison of Figures 4 ‘and 5, in

Lake Erie both compounds show similar distribution patterns. Carbon

tetrachloride (Figure 4) was observed at most stations in levels up to

19‘ng!2'1, similar to chloroform. Howerer, in eontrast to chioroform,
large areas with elevated levels were observed in the vicinities of
Sandusky and Cleyeland in the central basin and to the northeast of
Erie,‘Penneylrania in the eastern basin of Lake Erie. The distribution

of carbon tetrachloride in the eastern basin appears to show particularly

high concentrations covering an area between Erie and Westfield,

Pennsylvania, and the deepest sounding.
The dlstrlbutlon pattern of trlchloroethylene durlng the cruise

perlod in 1978 is shown in Figure 5. High levels of this contaminant

01-1075 (12/74) DOE 1075




&

- 15 -

1. - were observed initﬁe vicinity of Erie,‘Péﬁnsyivéﬁia; extending.parallgl

2 fo the southern shore to the centre of the eastern basin, followed by,

3  a rapid decline to very low‘levélgvin.the northern and eastern part of

4 the eastern basin. As with carbon fetrachlofide,.alsé tfichioroethylene |
5 .concentfations weréAhigher in the areas to the east and north of

6 Sandusky and Cleveland, respectively. In addition, a large zone of
7 intermediate trichloroethylene levels was observed in the central part -

g  of the central basin. This zone appears to have somewhat higher

9 concentrations near the southern shore of Lake Erie close to Ashtabﬁla,
10 ' Ohio. |
1 Apart from the Ashtabula area of the central basin, the fisual
. . 19 'coﬁlparifson of the distributions of carbon'tetz"ach'loride and trichloro- ‘
13 ethylene shows a striking similafity. .The corrélation coefficiént of

14  both compounds for the 1978 period of 0.67 is'significant‘at the
15 99.9% coﬁfidence limit and is the highest observed (Table 21.
16 o ‘The_disfributién of.trichloroethylene during the sampling period
17 in 1977 was similar to that of 1978, except for the central-part of the
18 Céntral basin where more uniform low levels wefe fécorded. Elevated
'-19‘ levels were found in thé éputhwestern part of the central basin and
20 throughout the egstern basin Qf Lake Erie. Overall, the trichloroethylene
:V21> mean, increased from 11 + 9 ng-l“l in 1977 to 20 * 13 n'g-Afl'1 in 1978
929 (Tablé 1) but shows an insignificant corrélation of 0.12.  In contrast,
23 the carbon tetrachloride mean level declined from 37 t 20 nge2~! in
'24. 1977 to 19 # 11 ng*% ! in 1978. FUrthermoré, the station means of

‘ o5 1977 were relatively uniform with a zone of high values reaching from
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Erie, Pennsylvania in northweSterlyidireétion.to Loﬁg Poiﬁt‘and
extending from there to appfoximately Long. 81°W. Higher concentra-
tions of.carbén tetrachloride wére élso observed ét two central
stations.in the eastern basin; however,ino sighificantly.higher levels
were found in the érea bétween Sanddsky aﬁd Cleveland as was the éésé
for trichloroethylene. ‘

Finally, it is of interest to consider any poséible'associatgon
of ‘carbon tetrachloride or trichloroethylene with either one or both
of the Fredhs. The ﬁighest correlation coefficient observed in-thaf
respect, 0.59;.is that of trichloroethylene with Freon il'in 1977
(Table 2).. This value is in strong contrast to thé extremely low-

correlation coefficient of 0.03 for the same compounds .in 1978.

Similarly, the correlation of Freon 11 with carbon tetrachloride of

only 0.02 in 1977 changes to 0.23 ih41978. However; - thercéirelationr
coefficiénts of Freon 12 wifh cérbdn tetrachloride of 0.44 in 19?7

and 0.31 in 1978 are both significant at the 99% confidence level,
while insignificant correlations are found'for Freon 12 and trichloro-
ethylene for both;years.‘ |

In general, it may be concluded that the Freons are most likely

to enter the aquatic system from the atmosphere, while the chlorocarbons

are interpreted as entering primarily from discrete point sources

associated with large urban and industrial outfalls along the southern

shore of Lake-Erief
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TABLE 1. Station means, standard deviations, relative standard devi-ations, and 'ranges- of Freqn 12,
Freon 11, chloroform, carbon tetrachloride, and trichloroethylene in the eastern and

central basins of Lake Erie, 1977 and 1978, concgntrations in n-g.,Q,".

1977 _ 1978

.

~ Compound ; Nz_i) P xsc (%) 4) Range N xt s (%) - - Rangé
Freon 12 a1 73 + 36 (49) 10-190 94 76 + 38 (50)  16-255
Freon 11 90 46 * 40 (87)  6-185 94 34 = 26 (76) 6-168
CHC13 S - . - ) ,90' 15+ 4 (27) . 5-34
CCl, - 85 37+ 20 (54)  9-110 95 19 £ 11 (48)  4-53
CoHC13 | 96 11 9 (82) 3-48 96 20 £13 (65) 5-63

a) Number of station means
b) Mean

c) Standard deviation

d) Relative standard deviation
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TABLE 2. Correlation coefficients of the station means.

e S S S
.

) ~ © © ~ ® o~ %)
™~ ™~ ™~ M~ ~ ™~ M~ ™~
& = 2 & 2 . o 2
2 ~— —
© = <= P S —
.0 (=] o — & R [&] &
Q [«}] [} (&) Ll — = p
“ “ s X 5] &) o N
Freon 12 (1977) 35 .31 .09 .10 .44 - 10 -
Freon 12 (1978) - .09 .02 - .31 - a3
Freon 11 (1977) .38 - .02 - .59 -
Freon 11 (1978) 14 - .23 - .03
CHCT; (1978) - .20 - .37
ccl, (1977) .18 .03 -
ccl, (1978) - 67
C,HC1, (1977) 12

-gz -



TABLE 3. Production rates and estimated quantities in Lake Erie (1978) of Freon 12, Freon 11, CHCls,

CCly, and C2HCls, in 10? kg.

Annual Production

Compound

£) e
a) c) U.S. Great * Quantities in
World U.5. Total Lakes Basin » , Lake Erie

Freon 12 ' - 570,000 219,000 11,000 35

Freon 11 485,000 153,000 " 9,000 18

CHC1, ’ 245,000 500 7.1

CCl, - , 1,000,000 522,000 , |

1,700,000 °) 390,000 9 2,500 : 8.9
680,000 © S
C2HC13 1,010,100 2,000 = L 9.4

a) Pearson and McConnell (1975)
b) Lovelock et al. (1973)
c) OCPDB (1978)

d) Estimated from Altshuller (1976)

e) Estimated from Lovelock et al. (1973)

f) Estimated as approximately 1/20 of total U.S. or 1/50 6f world production

v -
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