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Abstract Résumé 

A study of the biological community of Canagagigue 
Creek was conducted by seasonally collecting fish and 
benthos from six sites between the Woolwich Reservoir 
and the confluence with the Grand River, Ontario. Trends 
of species abundance and diversity are discussed, and a 
diversity index has been calculated for the benthic fauna 
at each site. Fish and benthos both demonstrated a clear 
pattern of markedly decreased abundance and species 
diversity below the site of contaminant inflow relative 
to the upstream sites. A t the farthest downstream site, 
virtually complete recovery from the environmental stress 
was demonstrated by high abundance and species diversity. 

A survey of synthetic organic contaminants was 
also conducted. Chlorophenols, benzothiazoles and lindane 
were all present at elevated levels downstream from Elmira 
when compared with their concentrations at the upstream 
sites. A series of unidentified acidic compounds was also 
discovered to have been formed in the Woolwich/Elmira 
Water Pollution Control Plant from unidentified precursors. 
Al l of the observed contaminants decreased significantly 
in concentration with distance downstream. The chloro-
phenols were found to have accumulated in benthos and 
fish. This study wil l form the basis of an in-depth examina-
t ion of the pathways of accumulation and degradation 
of these synthetic organic contaminants in the stream. 

Pour étudier les organismes vivant dans le ruisseau 
Canagagigue, on a fait le prélèvement saisonnier du poisson 
et du benthos en six stations situées entre le réservoir 
Woolwich et le confluent de la rivière Grand en Ontario. 
On traite des tendances de l'abondance et de la diversité 
des espèces et on a déterminé un indice de diversité de la 
faune benthique à chaque station. Chez le poisson et le 
benthos, l'abondance et la diversité des espèces décrois-
sent en aval du point de contamination. A la station la plus 
en aval, l'auto-épuration du ruisseau est presque complète 
comme en témoignent l'abondance et la diversité des 
espèces. 

Pour ce qui est des contaminants organiques de 
synthèse, on a décelé des chlorophénols, des benzothiazoles 
et du lindane, à concentrations élevées, en aval d'Elmira, 
comparativement aux concentrations en amont. On a aussi 
constaté qu'un ensemble de composés acides indéterminés 
s'était formé dans l'usine d'épuration de Woolwich/Elmira, 
à partir de précurseurs inconnus. La concentration de tous 
les contaminants observés a notablement diminué vers 
l'aval, en raison de la distance. On a constaté que les chloro-
phénols s'étaient accumulés chez le benthos et le poisson. 
L'étude servira de base à un examen fouillé des mécanismes 
de l'accumulation et de la dégradation des contaminants 
mentionnés dans le ruisseau. 

vii 





Acknowledgments 

The study team appreciates the aid of Dennis Delorme 
(National Water Research Institute) in the initial phases of 
this study and the active cooperation of Archie McLarty, 
Stan Irwin, Bob Miller, Wayne Jackman (Ontario Ministry 
of the Environment) and Tony Smith (Grand River Conser-
vation Author i ty) . Thanks are also due to the staff of the 
Woolwich/Elmira Water Pollution Control Plant and to 
John Coburn and his staff (Water Quality Branch, Ontario 
Region, Environment Canada). 

We also greatly appreciate the efforts of Ken Bradley, 
Bill Shipley and Jack Pym (Uniroyal Chemicals Canada) 
in providing information and product samples. 

The study was funded in part by the Environment 
Canada Environmental Contaminants Contract Fund 
(project No. 9805). 

ix 





CHAPTER 1 

Introduction 

There is growing public anxiety concerning the 
possible effects of synthetic organic chemicals on the 
environment and the threat they may pose to man. Many 
potentially toxic chemicals are present at low levels on 
a widespread basis and can accumulate in organisms, 
including those used as food by man. Despite the research 
already conducted on various properties of synthetic 
organics, our understanding of the overall environmental 
dynamics of these compounds is unsatisfactory. For reg-
ulatory agencies to respond to public concerns, more 
knowledge about the entry, distribution, movement and 
fate of these contaminants is needed. 

Much of the research into the properties of these 
compounds is conducted in the laboratory where the 
scientist can exercise some degree of control over experi-
mental variables. Unfortunately, in reducing the number of 
variables, the scientist also renders his results less directly 
applicable to the field. There is a need for complementary 

studies of the behaviour of contaminants in real situations 
to obtain results that can be compared with those from 
laboratory studies. In 1979, as an initial step in meeting 
this need, the National Water Research Institute decided 
to initiate a detailed chemical and biological examination 
of the distribution of synthetic organic compounds in a 
contaminated aquatic ecosystem and the dynamics of 
clearance of those compounds from the system. After a 
preliminary survey of many localities in Ontario, the town 
of Elmira was chosen as the study site. The study involves 
collaboration between the Environmental Contaminants 
Division and the Aquatic Ecology Division of the National 
Water Research Institute (NWRI) and the Biological Studies 
Group of the Grand River Conservation Author i ty (GRCA) 
(see Appendix for list of team participants). 

Elmira, the largest community in the Township of 
Woolwich (population 16 000), is a centre of manufacturing 
in what is primarily an agricultural township. A listing of 

Table 1. Industrial Activities in Elmira 

Manufacturer Product Employees 

B&L Metal Products (Elmira) Ltd. Hog pens, cow pens, refuse packers, metal stampings 52 

Borg Textiles Canada Ltd. Synthetic fur, deep pile fabrics 178 

Elmira Machine Industries Ltd. Custom metal machining, vacuum pumps 18 

Elmira Stove Works Wood stoves 22 

Ferguson & O'Reilly Co. Ltd. Textile mill waste reprocessing 26 

G.B.R. Metal Fabrication Inc. Trailers 24 

Martin Feed Mills Ltd. Animal feeds, pet foods, fish food 180 

M.K. Martin Enterprises Inc. Custom metal fabricating, farm equipment 22 

McKee Industries Ltd. Farm equipment 407 

Nutrite Inc. Fertilizer 24 

Park Avenue Wear Ltd. Children's clothing 85 

Procast Foundries Inc. Iron castings 36 

Reist Welding Ltd. Farm equipment 23 

Relmech Manufacturing Ltd. Electrical insulators 64 

Roxton Furniture Ltd. Maple furniture 120 

Shoemaker Mill Equipment Inc. Conveyors, bucket elevators, bins 40 

Sulco Chemicals Inc. Sulphuric acid 15 

Uniroyal Chemical, Division of Uniroyal Ltd. Chemicals for rubber industry, agricultural chemicals, polyurethanes 363 

The Wind Turbine Co. of Canada Ltd. Towers, antennas 39 
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major industrial activities in Elmira is given in Table 1 
(Elmira and Woolwich Chamber of Commerce, 1980). 
In addition to a number of basically dry industries, there 
are several which may produce waste water containing 
synthetic organics. These include Borg Textiles, whose 
effluent can contain various dyes and dye carriers; Nutr i te 
Inc., a company that manufactures and formulates fer-
tilizers and herbicides for both farm and home use; and 
Uniroyal Chemical, a company manufacturing a wide range 
of specialty chemicals for the rubber and agricultural 
industries. The effluent from these plants is treated at a 
single sewage treatment facility which discharges into 
Canagagigue Creek within the town limits. For the purposes 
of this study, the discharge pipe of the Elmira Water 
Pollution Control Plant (WPCP) was considered to be a 
point source of synthetic organics to the stream, and no 
concerted attempt was made to identify specific industrial 
sources of each compound. 

A number of features make Canagagigue Creek a 
suitable location for this type of study. First, a specialty 
chemicals plant is situated in the town, which virtually 
guarantees that the influent to the sewage plant contains 
some compounds of interest, many of which could be 
nonbiodegradable and therefore be discharged to the 
stream. Secondly, the sewage plant is designed to receive 
up to 75% of its BOD from industrial sources, and since 
Canagagigue Creek is relatively small, the sewage plant 
effluent constitutes a significant part of the f low down-
stream from Elmira. Based on monthly averages, as much 
as 15% of the stream f low can be WPCP eff luent (see 
below). Thus, concentrations of individual compounds in 
the stream should be high enough to be readily measured. 
Thirdly, the small size of the stream makes a wide variety 
of biological sampling feasible. In addition, the area is 

close enough to NWRI and GRCA headquarters to make 
day trips practical, so that measurements can be made on 
a year-round basis and various aspects investigated in-depth 
as needed. Finally, and most important, apart from a severe 
local effect, the total ecosystem does not appear to be 
grossly distorted, so that the results should be applicable 
to other streams of the same general character throughout 
Canada. 

The study, as planned, consists of three phases, each 
of which could take a year or more to complete. Phase I 
involves (a) an examination of various aspects of the 
biology of the stream including the determination of 
ecologically significant zones that are important in the 
selection of sampling locations for later intensive studies 
and (b) concurrently, a chemical investigation of the 
identities of various synthetic organic compounds in the 
stream and an assessment of which of these are appropriate 
for further intensive study. During Phase / / , the following 
work wi l l be completed: (a) intensive sampling of various 
compartments of the stream to identi fy important pro-
cesses affecting compounds identif ied in Phase I; (b) 
examination of selected aspects of the biology of the 
stream to ident i fy effects of the contaminants; and (c) 
formulat ion of hypotheses concerning the factors affecting 
the accumulation and degradation of contaminants in the 
stream and concerning possible biological effects of the 
contaminants. In Phase III, a laboratory verification of the 
hypotheses f rom Phase i l wi l l be done along with an 
examination of other streams in Canada to test the general 
applicabil ity of the conclusions of the study. 

Af ter preliminary sampling in 1979, Phase I began 
in 1980. The results of the 1980 research are contained in 
this report. 
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CHAPTER 2 

The Ecology of Canagagigue Creek 

I N T R O D U C T I O N 

Canagagigue Creek is a m inor t r i bu ta ry of the Grand 
River, wh ich in t u rn empties in to Lake Erie. The watershed 
is approx imate ly 19 k m long, 10 k m wide and is roughly 
t r iangular. I t has a drainage area of 143 km 2 (Crysler, Davis 
and Jorgenson Ltd. , 1965). The Canagagigue watershed can 
be considered " t y p i c a l l y Canadian," as i t was fo rmed by 
glaciat ion. The creek f lows in a general southeasterly 
d i rec t ion f r o m the Water loo hil ls in Peel Townsh ip to the 
f la t ter Guelph d rum l i n fields in the southeasterly section 

Figure 1. Map of study region showing location of the six sampling 
sites. 

of Woo lw ich Townsh ip . A b o u t 80% of the land w i t h i n 
the watershed is product ive agricultural land and 10% is 
w o o d l o t (Crysler, Davis and Jorgenson Ltd. , 1965). 

The section of the creek presently under study 
extends approx imate ly 13 km downstream f r o m the 
Woo lw ich Dam, past the t o w n of Elmira, to the conf luence 
of the Grand River (Fig. 1). Three t r ibutar ies enter this 
stretch of the creek, t w o of wh ich are cleaned and main-
tained as munic ipal drains. Munic ipal drain No. 2 enters 
the creek on the nor thern per iphery of the t o w n of Elmira 
and munic ipal drain No. 1, at the southernmost l im i t o f the 
t own . Both drains carry considerable f lows in the spring 
but have low f lows dur ing other t imes of the year (Crysler, 
Davis and Jorgenson Ltd. , 1965). The remaining stream 
enters the creek about 1 km upstream f r o m the Grand 
River conf luence. 

The Woo lw ich Dam and Reservoir st rongly inf luence 
the physical features and water qua l i ty of Canagagigue 
Creek. The purpose of the dam, wh ich was comple ted in 
1974, was to augment l ow f lows in the creek. Analysis 
of ou t f lows f r o m the Elmira Water Pol lu t ion Cont ro l 
Plant indicated that at t imes of low f l ow , the vo lume of 
actual sewage e f f luent in the stream consistent ly exceeded 
10% (Crysler and Lathem, 1971). The normal augmenta-
t i on to stream f l ow was to be 280 L * s _ 1 . 

Six sites on Canagagigue Creek were selected fo r 
study (Fig. 1). Sites CN-0 and CN-1 are considered to be 
" c o n t r o l s " and are located 4 .13 and 1.38 km, respectively, 
above the Elmira WPCP. Site CN-2 is approx imate ly 0 .16 
k m below the sewage out fa l l . Sites CN-3, CN-4 and CN-5, 
wh ich are 1.67, 5.48 and 7.35 km, respectively, below 
the WPCP, represent various stages of recovery. The six 
photographs in Figure 2 represent the study sites and the i r 
environs. 

W A T E R Q U A L I T Y A N D FLOW 

Histor ical water qua l i t y data are available f r o m 
Ontar io Min is t ry of the Env i ronment publ icat ions (MOE, 
1974, 1 9 7 7 - 7 9 ) . Upstream and downst ream sites are at 
CN-0 and CN-3, respectively. F low is measured by the 
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Figure 2. Study sites and environs. 
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Table 2. Range and Mean of Water Quality Values in Canagagigue Creek 

Parameter (mg/L) 
1979 1974 

Parameter (mg/L) CN-0 CN-3 CN-0 CN-3 

Temperature °C 0 . 5 - 2 0 . 0 1 .0 -23 .0 0 . 0 - 2 5 . 0 3 . 0 - 2 4 . 0 
(9.7)* (10.3) (12.3) (12.2) 

pH 7 . 0 5 - 8 . 4 6 7 . 1 4 - 8 . 2 0 7 . 4 - 8 . 6 7 . 7 - 8 . 4 t 
(8.0) (7.75) (8.05) (7.9) 

Oxygen 8 .4 -13 .1 6 . 1 - 1 2 . 6 1 .2 -12 .2 1 .6 -12 .0 
(11.2) (9.6) (6.1) (5.5) 

Suspended solids 5 . 0 - 5 4 . 0 6 . 0 - 2 9 . 0 5 - 4 5 0.70 
(24.1) (18.3) (15) (17) 

Alkalinityf 1 7 5 - 2 0 7 1 8 5 - 2 2 4 1 4 4 - 2 4 0 1 8 4 - 1 9 4 
(193) (205) (202) (226) 

Calcium 5 0 . 0 - 8 4 . 0 57 .0 -108 .0 N.A. N.A 
(62.4) (78.0) N.A. N.A. 

Sulphate 2 1 . 5 - 6 1 . 0 3 9 . 5 - 3 2 3 . 0 N.A. N.A. 
(40.1) (169.1) N.A. N.A. 

Chloride 1 2 . 0 - 2 5 . 5 1 .9 -161 .0 9 - 6 5 1 2 - 2 3 6 
(16.4) (83.4) (20) (83) 

Total P 0 . 0 4 7 - 0 . 2 1 2 0 . 1 2 1 - 0 . 4 3 0 0 . 0 3 8 - 0 . 3 6 0 0 . 1 1 0 - 0 . 7 5 0 
(0.126) (2.251) (0.124) (0.234) 

Filtered reactive P 0 . 0 0 1 - 0 . 1 4 0 0 . 0 0 1 - 0 . 2 5 0 0 . 0 0 1 - 0 . 2 2 0 0 . 0 3 4 - 0 . 4 6 0 
(0.034) (0.092) (0.036) (0.100) 

Ammonium-N 0 . 0 2 0 - 0 . 5 3 3 0 . 4 3 0 - 6 . 2 0 0 0 . 0 1 - 1 . 6 0 0 . 3 4 - 3 4 . 0 
(0.277) (2.629) (0.24) (4.62) 

Nitrite-N 0 . 0 1 5 - 0 . 1 3 0 0 . 0 3 8 - 0 . 3 3 0 0 . 0 1 9 - 0 . 3 1 0 0 . 0 3 9 - 1 . 6 0 0 
(0.059) (0.189) (0.081) (0.265) 

Nitrate-N 0 . 3 8 - 8 . 2 0 0 . 6 5 - 1 5 . 7 0 0 . 6 9 - 7 . 5 0 1 .90- 7.00 
(3.05) (3.70) (3.47) (4.27) 

Mercury (Mg/L) 0 . 0 2 - 5 . 2 0 . 0 2 - 5 . 0 N.A. N.A. 
(2.09) (1.79) N.A. N.A. 

Phenols (Mg/L) 1 . 0 - 2 . 0 1 .0 -56 .0 N.A N.A. 
(1.1) (15.4) N.A. N.A. 

*Mean values are given in parentheses. 
fPart of year only. 
N.A. — Values not available. 
Source: MOE data. 



Water Survey of Canada (Env i ronment Canada, 1973, 
1977 -80 ) at CN-4. Data for the Elmira WPCP are f r o m 
the MOE WPCP Operating Summary (MOE, 1980). 

Daily discharge values are shown in Figure 3 for 
1973 (pre-reservoir) and 1980 (post-reservoir). The f lows 
fo l l ow the expected pattern of high f l ow in the spring 
(March to May) and low f lows in the summer (June to 
September). Fall and early winter f lows vary more f rom 
year to year. 

O 100 
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Figure 3. Daily discharge (1000 m3) for Canagagigue Creek at 
CN-4 in 1973 and 1980 (Environment Canada, 1973, 
1980). Values >300 000 m 3 are off scale. 

Historical water qual i ty data and our 1980 analyses 
con f i rm that Elmira is a po in t source for several chemical 
parameters. Water qual i ty in fo rmat ion for 1974 and 1979 
at CN-0 and CN-3 are given in Table 2. Temperature and 
pH do not reach any extreme values. Oxygen concentra-
tions have improved somewhat since 1974. Downstream 
concentrat ions are elevated for several parameters: 
ammonium, n i t r i te , to ta l phosphorus, f i l tered reactive 
phosphorus, sulphate, chlor ide and phenols. Ni t rate is 
on ly sl ight ly elevated. Mercury concentrat ions are similar 
both upstream and downstream. Heavy metal concentra-

t ions are generally at or s l ight ly above detect ion l imits 

and are not included in Table 2. 

Further evidence that Elmira is a po in t source for 
ammon ium, n i t r i te , to ta l phosphorus, f i l tered reactive 
phosphorus, and sulphate is shown in Figures 4 and 5. 
These are concentrat ion profi les along the stream at all 
six sites. A l l of these parameters increase in concentrat ion 
below the Elmira WPCP. Ni t rate, however, does not show 
this pattern. These profi les show a decl in ing ammon ium 
concentrat ion and increasing ni t rate concentrat ion, which 
is probably the result o f n i t r i f i ca t ion in the stream. Ni t r i te 
concentrat ion usually reaches a m a x i m u m value at CN-3 
or CN-4, as in Figure 4. Since i t is an intermediate between 
ammon ium and ni t rate in n i t r i f i ca t ion , this is to be 
expected. 
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CN-Op 

WPCP 
CN-2 

CN-3 
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Figure 4. (a) Concentration profiles for ammonium, nitrite, nitrate, 
soluble reactive phosphorus, total phosphorus, and 
sulphate along Canagagigue Creek and (b) concentration 
of ammonium and sulphate at CN-2 over a 24-h period, 
July 24, 1980. 
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The diurnal patterns for a m m o n i u m and sulphate 
concentrat ions at CN-2 are also shown in Figures 4 and 5. 
Concentrat ions reach a m i n i m u m about 6 : 0 0 A .M. , rise 
unt i l m idday, f luc tuate unt i l m idn igh t , and then decline. 
This pat tern parallels the discharge of the WPCP and is 
consistent w i t h the WPCP being the pr incipal source of 
these ions t o the stream. Tables 3 and 4 give some idea of 
the relative f lows of the WPCP e f f luen t and Canagagigue 
Creek. Table 3 compares the tota l mon th l y discharge for 
1979 and 1980. On this basis, f l o w f r o m the WPCP can be 
f r o m 1% to 15% of the creek f l ow . Table 4 gives the 
instantaneous relative f lows for six sampling dates in 1980, 
wh ich were obta ined f r o m analysis of WPCP e f f luen t and 
CN-2 water for sulphate, chlor ide and sodium. These results 
are imprecise, but they show tha t WPCP f l o w can be as 
much as 20% of creek f l o w at certain t imes dur ing the day. 

Thus, the Elmira WPCP e f f luen t is a major po in t 
source of several parameters, wh ich include nutr ients such 
as ammon ium, conservative ions such as sulphate, and 
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Figure 5. (a) Concentration profiles for ammonium, nitrite, nitrate, 
soluble reactive phosphorus, total phosphorus, and 
sulphate along Canagagigue Creek and (b) concentration 
of ammonium and sulphate at CN-2 over a 24-h period, 
October 14, 1980. 

organic contaminants such as phenols. A m m o n i u m concen-
t rat ions can reach several mi l l igrams per l i t re. A m m o n i u m 
is a nu t r ien t for the g rowth of algae and aquatic weeds 
and an apparent source of n i t r i te and ni t rate as a result 
of n i t r i f i ca t ion . Tota l and f i l tered reactive phosphorus 
levels seem to be high enough to st imulate algal and weed 
growth as wel l . Dur ing the summer when f lows are low 
there is abundant weed growth , especially between CN-3 
and CN-4. The ef fect of this nu t r ien t inpu t on stream 
produc t i v i t y and assimilat ion of organic contaminants 
merits fu r ther investigation. 

Table 3. Discharges 

Elmira WPCP Canagagigue WPCP as percentage 
Year Month (1000 m3) (1000 m3) of creek 

1979 January 63. 2 108.9 3.0 
February 55.3 841.1 6.6 
March 180.6 15 430.3 1.2 
April 178.2 10 360.3 1.7 
May 91.9 2 819.1 3.3 
June 72.1 1 347.7 5.3 
July 55.2 1 307.1 4.2 
August 51.6 1 231.3 4.2 
September 64.6 1 218.4 5.3 
October 93.3 1 260.9 7.4 
November 138.9 2 126.7 6.5 
December 153.7 7 768.3 2.0 

4.2 (1 .2 -7 .4 )* 

1980 January 120.0 3 588.1 3.3 
February 99.1 752.8 13.2 
March 146.2 6 594.3 2.2 
April 182.0 7 114.1 2.6 
May 109.3 2 507.9 4.4 
June 75.9 1 948.4 3.9 
July 100.2 893.2 11.2 
August 96.7 663.5 14.6 
September 113.6 2 213.0 5.1 
October 167.3 2 761.3 6.0 
November 134.1 1 768.2 7.6 
December 150.0 4 000.0 3.8 

6.5 (2 .2 -14 .6 ) * 

"Average 

Table 4. Instantaneous Relative Flows (%) of Elmira WPCP to 
Canagagigue Creek at CN-2, May to November 1980 

Calculated from conservative ion « „ „ , 
Date Sulphate Chloride Sodium (%) 

May 23 16 16 N.A. 16 
July 24 21 20 10 17 
September 10 12 10 10 11 
October 1 6 6 4 5 
October 14 15 7 6 9 
November 12 21 15 9 15 

N.A. — Not available 
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Because the watershed of the creek is mainly 
agricultural there is the possibility of diffuse inputs of 
herbicides and fertilizer (nitrate and phosphate) from 
surface runoff and groundwater. In Figure 6, concentra-
tions of ammonium, nitrate, filtered reactive phosphorus, 
and sulphate are plotted against the reciprocal of f low. A 
positive slope indicates dilution under conditions of high 
f low (runoff); a negative slope indicates a diffuse source for 
that parameter. Positive slopes are obtained for ammonium, 
filtered reactive phosphorus, and sulphate consistent with 
the other evidence that the Elmira WPCP is the major 
source for these parameters. Nitrate has a negative slope, 
indicating that it could come from fertilizer runoff. The 
subject of groundwater as a source of organic contaminants 
is presented in another section. 

BENTHIC INVERTEBRATE SURVEY 

To evaluate relative water quality at the six sites, the 
benthic community structure was surveyed. Collections 
were made in May, July and November of 1980 and in 
January of 1981. 

Benthos were collected using a 285-mm x 185-mm 
kicknet of 1-mm mesh to trap the organisms. The stream 
bottom was kicked and lifted, fi l l ing the net with cobble, 
gravel, sand, detritus and algal mats. All of the available eco-
types at each site were sampled in this manner. Collected 
material was transferred to 1 -gal NALGENE plastic con-
tainers and preserved with 10% formaldehyde solution. The 
samples were later halved, and macroinvertebrates were 

Figure 6. Concentration vs. reciprocal of flow for ammonium, nitrate, filtered reactive phosphorus, and sulphate in Canagagigue Creek for 
(A) 1977, (•) 1978 and <•) 1979 (MOE, 1 9 7 7 - 7 9 ) Environment Canada, 1977-79) . The anomalous water quality data for March 14, 
1978, were not included. 
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Table 5. Benthic Invertebrate Taxa List Including Numbers of Species, Numbers of Individuals, and Shannon-Wiener Diversity Index for Each Sample According to Date and Sampling Location (CN site) 

Taxa and species 
May 1980 July 1980 November 1980 January 1981 

Tricladida 

Planariidae 10 

Oligochaeta 

Unidentified 

Hirudinea 

Glossipbonia complanata 
Placnbdella sp. 
Helobdella stagnate 
lirpobdella punctata 

Crustacea 

liyalella azteca 
Orconectes propinquits 

Mollusca 

Pbysa s p. 
Armiger sp. 
Gyraitlus sp. 
Prumeiietus sp. 
(îo mo basis sp. 
h'errissia sp. 
Anodontoides sp. 
Sphacnidae 
Spbaenum sp. 
Pisidiiun sp. 

Ephemeroptera 

Ephemera sp. 
Caeuis sp. 
Trworyt bodes sp. 
Epbemerelltdae 
lipbemerella sp. 
li. needhami 
Paraleptopblebia sp. 
P. mollis 

197 42 1032 4 3 2 395 297 310 41 422 143 76 79 127 4 0 4 9 8 377 282 58 16 6 303 180 258 34 

15 

26 

10 
6 

7 39 
1 31 

3 20 

1 75 236 

8 34 
16 

2 1 
179 

17 
1 

14 

21 

77 115 

32 
17 

13 
2 

3 
18 

37 
15 

3 
22 

189 

73 

31 

46 
3 

5 165 
4 

1 
18 

52 

20 

23 11 

2 2 
6 6 3 11 

2 148 4 
1 

1 118 23 

5 

12 43 

3 29 4 
1 4 3 

54 
5 

245 
5 

2 1 177 4 

28 

CD 



Table 5. Continued 

Mav 1980 
Taxa and species 

July 1980 November 1980 January 1981 
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 

Baetidae 
Baetis sp. A 
Baetis sp. B 
Pseudocloeon sp. 
Isonychia sp. 
Stenonema sp. 
S. canadense 
S. frontale 
Stenacron sp. 

51 
7 

6 14 19 

6 

4 
27 

6 
19 

11 

1 

7 

Odonata 

Aeshna sp. 
Agrton sp. 

Plecoptera 

Taeiuopteryx parvula 
Acroneuria rurahs 

Hemiptera 

Corixidae 

Trichoptera 

Psycbomyia sp. 
Polycentropus sp. 
Hydropsychidae 
Hydropsycbe sp. 
H. simulaus 
H. betteni 
H. recurvata 
H. umdi 
H. leonardi 
Symphitopsyche sp. 
S. sparna 
S. bifida 
S. rioli 
S. slossonae 
S. recurvata 
S. bronta 

206 

6 
7 

81 12 
3 

107 
5 

12 

3 

6 1 
6 1 
1 

1 20 
1 1 

2 
1 

42 
1 
4 
3 

44 51 

13 
10 

1 
17 

4 

67 

26 
3 
1 

22 

34 

33 
7 

29 

18 34 

4 174 143 
4 
2 

1 
1 

1 
5 

80 

41 346 

2 2 
3 

1 
6 85 

153 675 

11 
5 



Table 5. Continued 

May 1980 July 1980 November 1980 January 1981 

Taxa and species 

S. merosa 3 1 
Cheumatupsycbe sp. 38 15 1 1 7 24 21 32 3 1 8 82 35 2 6 153 30 63 67 1 32 250 504 
Agraylea sp. 10 1 5 1 17 25 1 1 2 
Hydroptila sp. 4 8 11 46 1 
Ocbrotricbia sp. 1 1 1 2 5 2 1 
Micrasetna rusticum 1 6 3 
Pycnopsycbe sp. 1 1 2 
Limnepbilus sp. 1 
L. submonilifera 1 
Hehcopsycbe sp. 3 1 23 1 2 8 
Leptocerniae 1 
Ceraclea sp. 1 3 1 
Leptocerus americanis 1 
Oecetis sp. 1 7 1 6 1 21 11 
Nectopsycbe Wiggins 2 2 
Cbnnarra ^ 

Megaloptera 

Sialis sp. 
Cbauliodes sp. 

Lepidoptera 

Cataclysta sp. 

11 

Coleoptera 

1 laliphts sp. 
Pcltodytes sp. 
Dytiscidae 
Bidessus sp. 
l.iiccophiltts sp. 
Psepbenus 
lictopria sp. 
Dubirapbhi sp. 
Stenchms sp. 
Optioservus sp. 

1 
1 

1 
1 

4 
5 63 

2 

1 
1 2 

3 
23 2 

1 
1 

2 
2 1 

1 
1 1 5 2 12 11 2 4 17 2 

1 9 6 1 2 10 1 5 47 9 2 2 4 53 6 
6 18 2 7 106 11 8 21 62 8 8 7 2 23 

5 
38 51 

1 12 
6 
1 

1 22 
18 

211 
363 
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Table 5. Continued 

Taxa and species 

Diptera 

Antocba sp. 
Tip ulj sp. 
PsyckoJj sp. 
Culicidae 
Chaobonnae 
Siniuludae 
CbironomiJae 
Stratiomvidae 
Tabanus sp. 
Atherix sp. 
F.pbydridae 
Epbydra sp. 
Antbomyiidae 
Limnopbora sp. 
Hemerodromia sp. 
H. Rogatoris 
Unidentified 

Nematoda 

Unidentified 

Acari 

Unidentified 

Number of species 

Number of individuals 

May 1980 July 1980 November 1980 January 1981 
0 1 0 1 

10 14 

78 8 303 763 1 4 0 6 387 355 18 1318 358 382 211 
809 475 3421 1531 4 231 2461 1413 885 1584 409 699 1016 

1 3 
1 

9 1 

3 1 

4 

38 29 

18 

15 

28 23 

53 426 28 

81 

23 15 349 1516 123 13 
273 440 4 7 0 373 101 151 

23 

20 23 
5 

17 84 282 676 4 0 8 213 
636 1044 1105 1834 2466 664 

12 268 78 63 

1 1 2 1 1 3 1 

26 22 19 14 22 31 29 18 13 9 21 33 30 37 21 24 31 38 14 22 18 20 35 43 

3336 1234 9 6 6 0 5542 12 210 6 9 4 4 4 3 7 8 2268 6 6 8 2 1840 2640 4 1 5 0 1638 1774 3592 4 8 4 4 3272 1580 1588 3018 3980 5710 8658 7308 

Shannon-Wiener Diversity Index 2.68 1.56 1.21 1.53 1.21 1.64 1.65 1.50 1.47 1.56 1.96 2.77 3.35 2.92 2.17 1.74 3.86 3.95 1.26 1.98 1.82 1.54 2.52 3.52 



isolated from the debris and placed in 90% isopropyl 
alcohol. Identification and enumeration of individual taxa 
were undertaken for each of the 24 samples, and a complete 
taxa list was compiled. 

Annual species diversity indices for the benthic 
communities at each of the six study sites were calculated 
using the Shannon-Wiener formula (Southwood, 1966) as 
follows: 

- - © 

where N = total number of individuals of all species col-
lected and 

Nj = number of individuals belonging to the /'th 
species. 

Diverse communities wi th abundant taxa are 
represented by values greater than 3. Stressed communities 
with few, but dominant species have values of less than 2. 
A value greater than 3 probably represents a clean water 
situation, while values of 1 to 3 indicate moderate pollution 
and values less than 1 point to heavy pollution (Wilhm and 
Dorris, 1968). 

The Shannon-Wiener Index examines the abundance 
of the more common species, as the formula places greater 
emphasis on relative occurrence. Taxa that occur in lesser 
numbers therefore tend to be masked. 

Historical benthic collections had been obtained 
between 1972 and 1976 by the Grand River Conservation 
Author i ty at three sites along the stream, two of which 
correspond to CN-0 and CN-3 of the present survey. A 
summary is presented for comparative purposes. 

Figure 7 presents a summary of benthic community 
diversity information taken from several sources. According 
to the present survey (1980 data), there is a general depres-
sion in diversity at sites CN-2 and CN-3. Signs of recovery 
are evident at CN-4, and CN-5 shows considerable improve-
ment. As the taxa list (Table 5) shows, not all organisms 
were identified to the species level. Significantly, the 
chironomids and simulids were identified only to family 
and the oligochaetes, only to order. As a result, the true 
values of d may have been underestimated. This should not, 
however, affect the general trends. In fact, the data from 
two comparable studies conducted in January 1980 and 
September 1981 (Sprague, unpublished data) present a 
similar overall picture of the community structure in the 
creek. 

8 -

6-

1 0 1 1— r -
CN-0 CN-I CN- < CN-4 '".N-s Elmira WPLP 

Canagagigue Cr^. i- Sampling Locations 
Oirection ol Flow —». 

Figure 7. Benthic community diversity. 

The historical diversity indices are based on four 
seasonal collections per year, as with the present survey. 
A marked decrease in diversity from CN-0 to CN-3 occurs 
each year. The data for 1975 (not shown) indicated the 
reverse trend with d values of 1.76 and 2.84 for CN-0 and 
CN-3, respectively. This anomaly may have been due to 
severe flooding during the spring of that year. 

Table 6 shows the total number of individuals and 
taxa as well as the d values for each of the 1980 study sites. 
The benthic community at CN-0 is strongly influenced by 
the Woolwich Reservoir. Organisms here must be tolerant 
of inconsistent flows, cold water temperatures, and periodic 
anoxic conditions because of the hypolimnetic discharge. 
Sediment loads may also be heavy at times, leading to 
high turbidity and destruction of suitable habitat for 
colonization by certain organisms. 

Table 6. Total Number of Individuals and Taxa, and Diversity 
Indices for the 1980 Benthic Survey 

Sampling Number of Number of 
site individuals taxa d 

CN-0 10 940 48 2.48 
CN-1 8 294 53 2.17 
CN-2 23 914 38 1.77 
CN-3 17 936 37 1.77 
CN-4 26 780 53 2.38 
CN- 5 19 982 72 3.32 
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Although more taxa were found at CN-1 than CN-0, 
the d value was lower. The infrequent occurrence of the 
new taxa was apparently masked by the Shannon-Wiener 
Index. However, the appearance of a "sensitive" organism, 
the stonefly Taeniopteryx parvula, and the presence of 
representatives of four additional Trichoptera families 
suggest that CN-1 has more available habitat for a wider 
range of organisms. 

Site CN-2 has a d of 1.77, which suggests very stressed 
environmental conditions at this location. A large number 
of organisms were collected, although only 38 taxa are 
represented. Indicative of the degraded state is the large 
percentage (49%) of the total collection made up of 
dipteran species and aquatic oligochaetes. The WPCP 
effluent, which enters the creek here, provides an excellent 
food source for these gatherer-feeders. Site CN-2 is a 
very homogeneous zone of degradation and its benthic 
community reflects this. 

The area of active decomposition, as defined by 
Hynes (1960), extends downstream to CN-3. The d of 
1.77 is the same as that of CN-2 and indicates similar 

stressed conditions. The communities are virtually identical 
at the two sites except that a greater percentage of the 
dipteran larvae at CN-3 are f rom the family Simuliidae. 
As blackfly larvae are f i l ter feeders, this suggests that more 
riff le areas wi th increased stream velocity are present at 
CN-3. Nevertheless, suppressed diversity and dominance by 
a few taxa characterize the benthic communi ty at this site. 

Figure 8 illustrates the population distributions, 
on a percentage basis, of some of the dominant benthic 
organisms in Canagagigue Creek. The disappearance of 
most of the elmid beetles, hydropsychid caddis larvae, 
and sphaerid clams from sites CN-2 and CN-3 is evident. 
These taxa are unable to tolerate conditions in this portion 
of the creek. 

On the other hand, the oligochaete population 
responded favourably to the organic enrichment pro-
vided by the Elmira WPCP outfal l . As most oligochaetes 
ingest sediment and derive their nutr i t ion from bacteria 
(Brinkhurst and Cook, 1974), this situation would be 
expected. The distr ibution of the dancefly Hemerodromia 
follows a similar pattern, suggesting that it is quite tolerant 
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Figure 8. Population distributions of some of the dominant benthic organisms from Canagagigue Creek, 1980. 
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of organic pollution. The blackfly population has been 
discussed. No attempt was made to interpret the distribu-
tion pattern of chironomids (not illustrated) because the 
population is undoubtedly made up of many species which 
differ in their pollution tolerance. 

Recovery of the creek has begun to occur at CN-4 
where the d is 2.38, and the number of benthic taxa has 
increased dramatically to 53 from 37 at CN-3. The increase 
in the diversity index is mainly accounted for by large 
numbers of crustaceans, snails, sphaerid clams, the mayfly 
Caenis, several species of Hydropsychidae, and elmid 
beetles. 

Station CN-5 represents a very diverse community of 
72 taxa. The d of 3.32 suggests that water quality has 
improved substantially and recovery from environmental 
stress is virtually complete. The relatively low numbers of 
organisms indicate that competit ion for food and habitat 
has increased. A t this site, the Trichoptera are represented 
by 25 taxa from nine families, as compared with 14 taxa 
at CN-4 and only 8 taxa at each of CN-2 and CN-3. A 
substantial mayfly fauna of eight taxa is also present. 
Oligochaetes and Diptera now account for only 29% of 
the total number of individuals as opposed to 49% at 
both CN-2 and CN-3. The appearance of two stonefly 
species is indicative of the dramatic improvement in the 
water quality of Canagagigue Creek at this location. 

FISH CENSUS 

A fish census of the creek was conducted in May, 
July, September and November of 1980. The purpose of 
the census was threefold: to determine the species present 
and to provide some information on meristics; to compare 
species and numbers among study sites; and to provide 
samples of fish to be analyzed for the uptake of organic 
contaminants. 

A fishing effort of 30 min was undertaken at each 
site during each of the four sampling periods. The creek was 
sectioned off wi th seine nets approximately 100 m apart, 
and the area within these nets was intensively shocked 
using a portable electroshocker. The fish were subsequently 
identified, weighed, measured, and frozen in foil for later 
contaminant analysis. 

The fish census data are presented in Table 7. The 
effects of the source of contamination just above site CN-2 
are very clear. The upstream sites, CN-0 and CN-1, have 
virtually the same fish populations consisting of 16 species 
and 1120 individuals, and 17 species and 1438 individuals, 
respectively. There is a drastic decrease to 11 species 
and only 67 individuals at CN-2. In fact, during the July 

sampling period, only two animals, both of the same 
species, were captured here. The recovery zone begins at 
CN-3 (14 species and 344 individuals) and continues 
downstream with 16 species and 252 individuals at CN-4, 
and 18 species and 942 individuals at CN-5. 

The lower numbers at CN-4 and CN-5 compared 
with those at CN-0 and CN-1 are due to fewer small fish 
such as darters, minnows and dace at the downstream 
sites. This is likely due to the presence of four species 
of game fish at these sites (rock bass, smallmouth bass, 
northern pike, and yellow perch), all of which prey on 
small fish. Of these, only rock bass is present at CN-0 and 
CN-1. Rock bass are probably yearlong residents of the 
creek, but there is a strong likelihood that the other 
game fish originate in the Grand River. A small dam on 
Canagagigue Creek at the location of the Uniroyal Plant, 
just above CN-2, prevents the upstream migration of these 
fish. Because of confounding factors such as physical 
barriers and migration from the Grand River, our conclu-
sions concerning the recovery zone must be interpreted 
with caution. The structure of the benthic community, as 
discussed in the previous section, is probably a better 
indicator of water quality because these organisms are 
far less mobile than fish. 

FISH MERISTICS 

The fish survey was primarily designed to determine 
site to site differences in the abundance and diversity of 
fish species. Therefore, care was taken to ensure a constant 
fishing effort at each site. Unfortunately, this sampling 
method does not yield the most suitable data for comparing 
parameters such as growth rates and condition factors. 
Samples were unequal in size and often inadequate, and 
the fish were not aged or sexed. Nevertheless, lengths 
and weights were recorded for a considerable number of 
individuals, and site to site comparisons of general fish 
health were attempted for three of the dominant species. 

Common shiners, white suckers, and rock bass were 
chosen for study because reasonable sample sizes were 
available from each site. Also, these species were among 
those selected for contaminant analysis. Condition factors 
(K), which measure the plumpness or well-being of a fish, 
were calculated for each individual by using the fol lowing 
formula from Carlander (1969): 

„ W ( 1 0 5 ) 

where W = weight (g), 
T L = total length (mm), and 
105 = factor to bring the value of K near unity. 
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Table 7. Canagagigue Creek Fish Census, 1980 

Common name Scientific name 
CN -0 CN -1 CN-2 CN-3 CN-4 CN-5 

Common name Scientific name May July Sept. Nov. May July Sept. Nov. May J uly Sept. Nov. May July Sept. Nov. May July Sept. Nov. May July Sept. Nov. 

Pike family Esocidae 
Northern pike Tsox lueius 2 2 1 6 2 2 1 

Minnow family Cyprinidaé • 
Common carp Cyprinus carpio 2 2 8 4 4 3 3 9 1 3 8 13 3 5 1 1 2 1 
Longnose dace Kbtin c b t by s cataractae 13 24 15 16 16 22 18 11 1 9 4 4 1 7 6 19 2 
Hornyhead chub Xocomis bigiittatus 25 11 24 9 27 11 10 15 3 5 3 7 12 
River chub N. micropogon 7 11 3 10 19 10 3 6 
Creek chub Se mo til us atromac it Lit us 5 3 7 2 3 2 3 4 1 5 29 20 1 2 2 1 11 3 
Golden shiner Sotemigonus crysoleticas 1 2 
Bluntnose minnow Piniepbales notants 7 2 3 3 21 4 2 3 1 1 6 3 1 3 
Common shiner Sotropis cornutus 148 124 90 50 + 442 174 160 1 19 10 8 26 1 43 6 235 170 14 150 
Emerald shiner iV. atbennoiJes 3 3 86 
Rosyface shiner N. rubellus 1 
Fathead minnow Pimepbales promelas 1 

Sucker family Catostomidae 
Northern hog sucker Hypentelium nigricans 9 5 7 4 13 10 12 20 3 8 1 3 5 7 
Common white sucker Catostomus commersoni 24 42 99 99 27 49 20 15 10 2 9 4 58 22 59 16 22 22 14 19 50 8 22 20 
Redhorse sucker sp. Moxostonni sp. 4 6 20 5 1 2 5 1 6 1 7 1 1 10 1 4 

Catfish family Ictaluridae 
Brown bullhead Ictalurus nebiilosiis 1 3 3 1 
Stonecat Moturus flavus 1 1 3 2 3 1 1 2 4 

Stickleback family Gasterosteidae 
Brook stickleback Culaea inconstans 1 

Sunfish family Centrarchidae 
Rock bass Ainbloplites rupestris 30 23 13 2 37 37 30 3 17 3 9 2 7 9 4 5 3 1 6 2 15 3 
Smallmouth bass Wicropterus dolomieui 2 2 9 1 2 3 

Perch family Percidae 
Yellow perch Perca flavescens 6 
Johnny darter Etbeostoma nigrum 5 4 1 
Iowa darter E. exile 1 1 
Rainbow darter E. caeruleum 43 38 14 4 2 19 14 1 2 9 14 2 
Fantail darter E. flabellare 4 5 2 43 28 34 8 1 

Number of species 15 14 13 11 15 15 14 10 6 1 4 7 9 5 9 9 10 7 11 9 14 10 12 13 

Number of individuals 323 297 305 195 +650 388 325 78 33 2 18 14 111 35 120 78 77 39 84 52 328 198 117 299 

Total number of species 16 17 11 14 16 19 



Table 8. Comparison of Condition Factors (K) for Three Fish 
Species 

Fish species Ranked condition factors 

Rock bass 
Site CN-2 CN-1 CN-0 CN-5 CN-4 CN-3 
Mean K 1.44 1.73 1.78 1.90 1.98 2.00 

White sucker 
Site CN-1 CN-5 CN-2 CN-0 CN-4 CN-3 
Mean K 0.92 0.96 0.97 0.98 1.02 1.06 

Common shiner 
Site CN-1 CN-5 CN-0 CN-3 CN-4 
Mean K 0.98 1.05 1.07 1.09 1.09 

Note: Underscoring links means not differing significantly from each 
other (p > 0.05). 

For each species, mean values of K at each site were 
compared using Kramer's (1956) extension of Duncan's 
Multiple Range Test. This modification permits a statistical 
comparison of group means derived from unequal sample 
sizes. The results are presented in Table 8 and Figure 9. 
In addition, a summary of all pertinent meristics data 
is given in Table 9. 
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9. Trends in general fish health for three dominant species. 

Common Shiners 

The mean K value for shiners at CN-1 was significantly 
lower than at all other sites. The reason for this difference 
is unclear, but as more than 600 shiners were caught at 
this site during the survey, it may be due to overcrowding 

and/or competit ion for food. The K values for the 
remaining four sites did not differ from each other. As 
only one fish had been caught at CN-2, there is no point 
in Figure 9 for this site. However, it is interesting to note 
that this individual had the second lowest K value (0.42) 
of any of the 371 shiners measured. In general, common 
shiners tended to avoid the polluted sites CN-2 and CN-3, 
although the fish caught at CN-3 were not in poor condit ion 
when compared with those at other sites. 

Since condition factors tended to increase with length 
(see r values in Table 9) and mean lengths varied from 
107.4 mm at CN-5 to 122.1 mm at CN-0 and CN-4, the 
fish were divided into 20-mm length classes to compare 
shiners of the same size at each site. The data are given in 
Table 10. All length classes followed the overall trend of 
a decrease in K from CN-0 to CN-1 and an increase from 
CN-1 to CN-3. Values at CN-4 and CN-5 were variable. 

White Suckers 

The trends in condition factors for white suckers 
were remarkably similar to those for common shiners. 
According to standards of health from the literature (Table 
9), the suckers at sites CN-0, CN-1, CN-2 and CN-5 were 
in poor condition, while those at sites CN-3 and CN-4 
were in poor to average condition. Unlike most other 
species of fish, suckers did not avoid site CN-3. In fact, 
specimens collected from this site were in the best condi-
tion. This may be due to the abundance of oligochaetes 
and dipteran larvae on which they prefer to feed. Condition 
factors did not appear to be related to length. 

Rock Bass 

The rock bass provided a sharp contrast to the 
other two species. Fish at CN-2 were in distinctly poorer 
condition than those at all of the other sites. When com-
pared with standards of health from the literature (Table 9), 
bass at CN-3, CN-4 and CN-5 were in poor to average 
condition, while those at CN-0 and CN-1 were in poor 
condition and those at CN-2 were in very poor condition. 
The majority of the rock bass were either in the size 
range that feeds primarily on Odonata, Ephemeroptera, 
Trichoptera, fish fry, and crayfish (76 mm) or the range 
(120 to 200 mm) that feeds almost entirely on crayfish 
and damselfly larvae (Scott and Crossman, 1973). Most 
of these preferred food items were scarce or absent at 
CN-2. However, the very poor condition of these fish 
could also be related to the fact that rock bass accumulated 
the highest levels of organic contaminants in their tissues 
of any fish species analyzed. 

17 



Table 9. Summary of Fish Meristics Data According to Fish Species and Sampling Location 

Rock bass Common shiner White sucker 
Parameter 0 1 2 3 4 5 0 1 3 4 5 0 1 2 3 4 5 

Number of fish collected 68 107 20 27 13 26 412 632 37 76 569 264 111 25 155 77 100 

Number of fish processed 60 67 20 26 13 26 93 71 37 76 93 263 91 24 144 77 82 

Mean length (mm) 97.0 
(29.9)* 

113.5 
(36.3) 

103.7 
(9.9) 

133.7 
(23.8) 

126.2 
(18.3) 

139.8 
(34.2) 

122.1 
(22.6) 

117.2 
(32.5) 

116.1 
(29.8) 

122.1 
(22.3) 

107.4 
(25.2) 

212.7 
(43.4) 

186.2 
(37.4) 

196.0 
(71.9) 

209.2 
(54.9) 

204.4 
(67.0) 

157.2 
(63.8) 

Mean K 1.78 
(0.26)* 

1.73 
(0.34) 

1.44 
(0.28) 

2.00 
(0.34) 

1.98 
(0.18) 

1.90 
(0.19) 

1.07 
(0.15) 

0.98 
(0.17) 

1.09 
(0.15) 

1.09 
(0.13) 

1.05 
(0.16) 

0.98 
(0.27) 

0.92 
(0.15) 

0.97 
(0.09) 

1.06 
(0.11) 

1.02 
(0.19) 

0.96 
(0.13) 

Correlation coefficient 
(r) for K and length +0.20 +0.17 + 0.64 + 0.14 +0.17 + 0.03 +0.31 + 0.44 +0.63 + 0.06 +0.38 - 0 . 2 2 -0 .23 + 0.01 - 0 . 0 5 + 0.17 - 0 . 1 2 

Standards of healthf 
Poor 
Average 
Excellent 

K = 1.80 
K = 2.02 
K = 2.49 

- 2 . 3 8 
K = 

K = 

1.02 

1.27 

*Standard deviation is given in parentheses. 
fFrom a Minnesota study reported in Carlander (1969) and Carlander ( 1 97 7). 

Table 10. Mean K Values for Various Length Classes of Common 
Shiners 

Sampling sites 
Length class (mm) CN-0 CN-1 CN-2 CN-3 CN-4 CN-5 

41 to 60 K 0.94 0.78 0.99 
n 0 1 0 1 0 3 

61 to 80 K 0.85 0.87 0.90 0.96 0.88 
n 3 11 0 4 2 12 

81 to 100 K 1.05 0.88 0.42 1.01 1.10 1.01 
n 15 13 1 7 13 17 

101 to 120 K 1.04 1.01 1.13 1.09 1.09 
n 27 8 0 7 18 33 

121 to 140 K 1.08 0.98 1.21 1.11 1.13 
n 27 20 0 7 26 21 

141 to 160 K 1.12 1.11 1.13 1.08 1.05 
n 18 12 0 9 16 6 

161 to 180 K 1.22 1.12 1.19 1.06 0.89 
n 3 5 0 2 1 1 

181 to 200 K 1.04 
n 0 1 0 0 0 0 



CHAPTER 3 

Synthetic Chemicals in Canagagigue Creek 

INTRODUCTION 

For the initial year of the study, our plan was to 
perform general chemical analysis of the stream water and 
to identify the synthetic organic chemicals present. Previous 
studies by NWRI had shown the occurrence of pentachloro-
phenol and other organochlorine compounds at significant 
levels in most southern Ontario streams, and methods were 
available for the extraction and determination of these 
compounds in a variety of matrices. When it was discovered 
during the preliminary survey that a considerable range 
of chlorophenols were present in the creek, it was decided 
that in addition to the general sampling and analysis, major 
effort would be devoted to the analysis of various stream 
compartments for chlorophenols and other organochlorine 
contaminants. 

The analysis of synthetic organics in 1980 was 
operationally subdivided into four sections: (1) chloro-
phenols, (2) neutral organochlorine contaminants, (3) 
neutral compounds (nonchlorinated), and (4) acidic 
compounds (nonchlorinated). 

CHLOROPHENOLS 

Water samples for chlorophenol analysis were 
collected in 1-L amber glass bottles wi th Teflon-lined screw 
caps. Five pellets of potassium hydroxide were added to 
each bottle before sampling. Upon return to the laboratory 
the samples were acidified to pH 1 to 2 wi th concentrated 
HCI, extracted wi th toluene and analyzed for chlorophenols 
following the method of Chau and Coburn (1974). Fish 
and benthic fauna were dissolved in HCI (1 g per 7 mL), 
extracted wi th toluene and analyzed for chlorophenols 
following the method of Chau and Coburn. 

Concentrations of chlorophenols in unfiltered 
water are shown in Table 11. A t the two control sites 
upstream from Elmira, only pentachlorophenol (PCP) and 
2,3,4,6-tetrachlorophenol (2,3,4,6-TTCP) were detected, 
at low concentrations (<20 ng/L). These concentrations 
are typical for streams in southwestern Ontario and usually 
derive from leachate of PCP-treated exterior lumber. 
A t CN-2, a significant increase of 2,4-dichlorophenol 

(2,4-DCP) and 2,4,5-trichlorophenol (2,4,5-TCP) and 
other chlorophenols occurred. Prominent among the 
other chlorophenols were 2,6-dichlorophenol (2,6-DCP); 
3,4-dichlorophenol (3,4-DCP); and 2,4,6-trichlorophenol 
(2,4,6-TCP). Other chlorophenols were observed in 
amounts too small to quantify. A comparison of an analysis 
of the WPCP effluent with the stream water revealed 
that much of the 2,3,4,6-TTCP and PCP and some of the 
2,4,6-TCP observed at CN-3 enter the creek via the WPCP. 
The results, summarized in Table 12, indicate that the 
WPCP was not the principal source of 2,4-DCP; 3,4-DCP; 
and 2,4,5-TCP. Seasonal variations in the stream concen-
trations of these latter compounds are quite evident in 
the data with a spring maximum seen in May, low values 
in the summer and early fall, followed by an increase in 
early winter to levels considerably below those observed 
in the spring. We infer from these results that most of the 
dichlorophenols and trichlorophenols enter the creek as 
groundwater seepage from the disused chemical waste 
disposal area on the east bank of the creek at CN-2. Some 
of these buried wastes are related to the manufacture of 
the herbicides 2,4-D and 2,4,5-T which were produced in 
Elmira until 1969. The observed seasonal fluctuations can 
be explained by a seasonal dependence in the shallow 
groundwater seepage into the creek. This input is the 
highest in spring when the surface soil is saturated with 
water, whereas it is relatively low in summer when the soil 
is drier. 

All of the quantified chlorophenols decreased in 
concentration in water with distance from the contaminant 
source, with the concentration at CN-5 being approximately 
0.1 to 0.4 of the concentration at CN-2. Dilut ion can be 
ruled out as a major factor in this disappearance, based on 
both stream gauge measurements and previous observations 
(Fig. 5) that the soluble conservative ion S04" , which enters 
the stream at the WPCP, showed no appreciable diminution 
between CN-2 and CN-5. In November 1980, chlorophenols 
were also analyzed at Station GR-13, which is on the 
Grand River below the confluence with Canagagigue 
Creek. With the exception of PCP, no chlorophenols were 
detected, which is explained by the di lut ion of the low 
values observed at CN-5 by a factor of approximately 10 
to 12. The PCP observed is present in the Grand River 
before the confluence, as evidenced by the concentration 
observed at GR-12 upstream from the confluence. 
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Table 11. Concentrations of Chlorophenols in Unfiltered Water from Canagagigue Creek, 1980 

Chlorophenol concentration (ng/L) 

Date Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

May 23 CN-0 N.D. N.D. N.D. N.D. N.D. 5 15 May 23 
CN-1 N.D. N.D. N.D. N.D. N.D. 5 32 
CN-2 284 1420 422 668 457 66 122 

CN-3 253 1046 447 505 277 49 78 
CN-4 160 478 309 182 213 41 75 
CN-5 128 145 109 145 75 22 54 
GR-12 N.D. N.D. N.D. N.D. 10 36 68 

July 8 CN-0 N.D. N.D. N.D. N.D. N.D. N.D. 2 
CN-1 N.D. N.D. N.D. N.D. N.D. N.D. 2 
CN-2 94 192 102 311 32 17 14 
CN-3 31 17 26 78 17 3 3 
CN-4 27 9 17 51 5 3 5 
CN-5 20 5 — 41 3 2 2 

September 10 CN-0 N.D. N.D. N.D. N.D. N.D. 5 15 
CN-1 N.D. N.D. N.D. N.D. N.D. 5 17 
CN-2 60 155 124 199 51 39 63 
CN-3 41 70 54 124 26 27 32 
CN-4 27 22 N.D. 70 12 10 19 
CN-5 27 22 N.D. 66 12 12 22 

November 12 CN-0 N.D. N.D. N.D. N.D. N.D. N.D. 15 
CN-1 N.D. N.D. N.D. N.D. N.D. N.D. 17 
CN-2* 68(68) 252(252) 77(75) 238(230) 82(80) 12(12) 77(681 
CN-3 N.D. 92 N.D. 70 26 N.D. 27 
CN-4 34 94 48 119 46 7 65 
CN-5 14 29 17t 38 14 2 27 
GR-12 N.D. N.D. N.D. N.D. N.D. N.D. 31 
GR-13 N.D. N.D. N.D. N.D. N.D. N.D. 15 

•Samples collected midstream; nearshore samples are shown in parentheses. 
•(•Chromatographic interference prevented lower quantitation. 
N.D. - Not detected. 

Table 12. Contribution of Elmira WPCP to Chlorophenols in Canagagigue Creek, December 12, 1980 

Site 
Chlorophenol concentration (ng/L) 

Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

CN-1 N.D. N.D. N.D. N.D. N.D. N.D. 27 
WPCP 119 75 N.D. 367 87 107 2028 
CN-3 53 201 87 277 77 10 46 

N.D. - Not detected. 
Note: Measured ratio of WPCP discharge to Canagagigue Creek was 1 to 40. 
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Twenty-five species of fish were caught in the survey 
discussed earlier in this report. Of these, five species were 
chosen for chlorophenol analysis on account of their 
reasonable abundance at each site and variety of feeding 
habits. Al l are local except for adult white suckers which 
travel long distances during the breeding season. 

The chlorophenol levels in these fish are shown in 
Table 13. The levels show the same seasonal trend exhibited 
in the water samples. Although chlorophenols are readily 
absorbed from water by fish, they are also readily elimi-
nated with a clearance half-life of less than 10 h (Kobayashi 
and Akitake, 1975), so that the observed levels may be 

expected to reflect the ambient concentrations in water 
at that time. 

Of all of the five fish species analyzed, the highest 
chlorophenol levels occurred in rock bass. This fish is a 
midwater species which eats crayfish, small fish and insects. 

The white sucker is a bottom feeder which eats 
mainly invertebrates. Data are available for July only due 
to spoilage loss of samples as a result of freezer failure. 
Levels of 2,4-DCP and 2,4,5-TCP are generally less than 
the corresponding figures for rock bass at the same site 
and time of year. 

Table 13. Concentrations of Chlorophenols in Fish from Canagagigue Creek, 1980 

Fish Date Site 
Chlorophenol concentration (ng/g wet wt) 

Fish Date Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

Rock bass May CN-0 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-1 N.D. N.D. N.D. N.D. N.D. 17 17 
CN-2 136 537 292 184 490 75 61 
CN-3 61 253 179 88 376 29 68 
CN-4 68 124 78 31 138 22 20 
CN-5 10 N.D. N.D. N.D. 31 9 9 

July CN-0 12 N.D. 104 14 14 N.D. 5 
CN-1 20 N.D. 41 N.D. 17 N.D. 3 
CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-3 N.D. 65 20 39 44 3 15 
CN-4 24 22 56 22 43 N.D. 12 
CN-5 12 N.D. 27 5 7 N.D. 2 

September CN-0 207 N.D. N.D. 3 N.D. 3 2 
CN-1 505 3 61 56 15 12 2 
CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-3 500 N.D. 122 14 63 15 9 
CN-4 N.D. 36 N.D. 78 68 22 29 
CN-5 41 19 N.D. 2 36 N.D. 12 

November CN-0 121 N.D. N.D. 2 2 7 20 
CN-1 53 N.D. N.D. N.D. 12 5 3 
CN-2 347 105 N.D. 15 71 22 78 
CN-3 258 116 N.D. 7 48 9 10 
CN-4 14 41 9 5 36 2 24 
CN-5 39 19 N.D. 2 12 3 15 

White sucker May N.A. 

July CN-0 136* N.D. N.D. 3 5 5 N.D. July 
CN-1 - N.D. N.D. 5 7 5 2 
CN-2 326 43 27 36 41 9* 7 
CN-3 N.D. 14 19 36 26 14* 9 
CN-4 422 N.D. 12 14 192 10* 5 
CN-5 83 N.D. N.D. 3 N.D. 2* N.D. 

September N.A. 

November N.A. 

* Uncertain identification (see text). 
tQuantitation approximate due to chromatographic interference. 
t Rainbow, fantail and Iowa darters. 
N.D. - Not detected. 
N.S. — No sample. 
N.A. - No fish analyzed (see text). 
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Table 13. Continued 

Fish Date Site 

Chlorophenol concentration (ng/g wet wt) 

Fish Date Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

Longnose dace May CN-0 N.D. N.D. N.D. 19 N.D. N.D. 2 Longnose dace May 
CN-1 N.D. N.D. 30 N.D. N.D. N.D. 2 

CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

CN-3 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

CN-4 N.D. 77 37 46 51 N.D. 5 

CN-5 N.D. 2 17 26 10 N.D. 3 

July CN-0 N.D. N.D. N.D. 10 N.D. N.D. 3 July 
CN-1 N.D. N.D. N.D. 3 N.D. N.D. 7 

CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

CN-3 N.D. 71 N.D. 117 66 N.D. 14 
CN-4 N.D. 10 N.D. 27 15 N.D. 5 
CN-5 N.D. N.D. N.D. 9 3 N.D. 3 

September N.A. 

November CN-0 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-1 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-2 1913 22 N.D. 43 168 66 78 
CN-3 N.D. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-4 935 77 N.D. 44 85 82 511 
CN-5 119 N.D. N.D. N.D. N.D. 15 171 

Darters t May CN-0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
CN-1 N.D. N.D. N.D. N.D. N.D. N.D. 2 
CN-2 N.D. 213 162 43 95 22 78 
CN-3 N.D. 83 27 31 15 N.D. 17 
CN-4 N.D. 104 56 17 49 N.D. 10 
CN-5 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

July N.A. 

September N.A. 

November CN-0 44 N.D. N.D. N.D. 9 9 171 
CN-1 134 N.D. N.D. 5 48 10 14 
CN-2 1224 360 109 95 216 N.D. 170 
CN-3 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-4 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-5 770 N.D. N.D. 32 102 61 N.D. 

Common shiner May CN-0 N.D. N.D. N.D. 27 N.D. 31 44 
CN-1 31 N.D. 10 10 N.D. N.D. 3 
CN-2 428 469 466 330 241 112 150 

m CN-3 68 163 112 68 71 37 24 
CN-4 77 116 61 41 54 N.D. 9 
CN-5 214 17 N.D. 31 24 20 10 

Longnose dace are bottom dwellers which feed on 
various insect larvae. The data shown in Table 13 are 
patchy, with no samples available at a number of sites, 
but in general, levels of 2,4-DCP and 2,4,5-TCP are higher 
than those observed for the white sucker. 

Darters are bottom feeders which eat large and small 
insect larvae, fish eggs and snails. Chlorophenol levels 
shown in Table 13 are lower than those for rock bass 
in May but higher in November. The reason for this is 
not apparent. No samples were analyzed for July and 
September due to spoilage losses. 

The common shiner is an omnivore which feeds 
mainly on surface insects, larvae and adults, and even small 
fish. Data are available only for May and show relatively 
high levels of chlorophenols. 

In all of the preceding discussions of chlorophenol 
levels in fish and also in the following benthos data, the 
concentrations of 2,6-DCP have not been discussed because 
unlike the other chlorophenols, 2,6-DCP exhibits anom-
alous values between levels in fish, benthos and water. 
This may be related to analytical interference and wil l be 
investigated further. 
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Table 14. Concentrations of Chlorophenols in Benthos from Canagagigue Creek, November 1980 

Organism Site 
Chlorophenol concentration (ng/g wet wt) 

Organism Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

Leech CN-0 279 63 N.D. 34 117 14 58 
CN-2 510 9 049 3742 7 550 11 436 1479 2798 
CN-3 53 50 12 267 6604 13 588 11 883 1380 2671 

Clam CN-0 65 2 N.D. 3 2 3 2 
CN-1 82 N.D. N.D. 2 2 2 2 
CN-4 109 3 N.D. 19 3 19 7 

Snail CN-4 2 N.D. N.D. 17 12 14 54 

Alderfly larvae CN-2 161 10 N.D. N.D. 12 12 36 

Damselfly larvae CN-2 51 44 N.D. N.D. N.D. N.D. 39 
CN-4 N.D. N.D. N.D. 10 N.D. 14 2 

Caddisfly larvae CN-4 N.D. 85 87 22 22 20 9 
CN-5 109 54 32 26 20 27 7 

Cranefly larvae CN-4 167 N.D. N.D. 9 3 2 2 

Dragonfly larvae CN-2 N.D. N.D, N.D. 9 N.D. 14 12 

N.D. - Not detected. 

Chlorophenol analyses were performed on a number 
of benthic animals f rom a single benthos collection. A 
summary of the data appears in Table 14. The extremely 
high levels of all chlorophenols in leeches, which are 
approximately 20 times higher than the levels in rock 
bass, are the most striking feature. Several species of 
leeches were involved in this composite sample to obtain a 
sufficient sample size. Leeches vary widely in diet according 
to the species, ranging f rom detritus feeders to parasites. 
Future studies on Canagagigue Creek wil l include the 
collection and analysis of various leech species. 

Analysis of two molluscs, snails and clams, yielded 
very low levels of chlorophenols. This is partly because a 
considerable fraction of the whole animal weight is the 
calcified shell which is not expected to be a reservoir for 
chlorophenols. 

Analyses of the larvae of several aquatic insects are 
also included in Table 14. The species of caddisfly larvae 
collected for analysis (Hydropsychidae) are f i l ter feeders 
and show significantly higher levels of chlorophenols than 
the other insect larvae, some of which are predators. If 
a large proport ion of the initial chlorophenol loading 
becomes associated wi th micro-particulate material, then 
it is not surprising to f ind higher levels associated with an 
efficient fi l ter feeder. 

Levels of chlorophenols in crayfish are shown in 
Table 15. The levels are fairly low, and significant levels 
of most chlorophenols were observed at the two control 
sites. Since problems were encountered with the analysis 
of crayfish extracts, these results must be treated with 
caution. 

Limited data on frogs are shown in Table 16. Levels 
are generally low, but the tadpole appears to contain higher 
levels than the adult. 

A potentially important component of the creek 
ecosystem that has been omitted from this report is the 
sediment and suspended solids. The only material wi th 
long-term stability on the bottom of this rapid f lowing 
creek comprised stones and coarse gravel. Wide-mouthed 
glass jars that had been placed in the stream bed and left 
in place for several weeks to accumulate suspended solids 
proved very susceptible to damage by cows, and this 
technique wil l be replaced by sedimentation tubes with 
metal sleeves for future studies. Sediments, periphyton 
and suspended solids wil l be discussed in future reports. 
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Table 15. Concentrations of Chlorophenols in Crayfish from Canagagigue Creek, 1980 

Date Site 

Chlorophenol concentration (ng/g wet wt) 

Date Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

May CN-0 56 37 N.D. 104 7 228 12 May 
CN-1 20 N.D. N.D. 20 12 53 12 

CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

CN-3 9 87 43 14 29 9 22 

CN-4 N.D. 34 22 7 15 N.D. 2 

CN-5 14 24 22 3 10 N.D. 5 

July CN-0 787 3 N.D. 19 7 12 2 July 
CN-1 660 2 N.D. 34 N.D. 15 2 

CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 

CN-3 286 17 26 10 27 5 2 

CN-4 N.A. N.A. N.A N.A. N.A. N.A. N.A. 
CN-5 162 N.D. N.D. 9 14 27 17 

September CN-0 122 17 N.D. 22 N.D. 31 2 
CN-1 65 48 22 126 10 6 0 0 34 
CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-3 78 27 10 29 19 10 15 
CN-4 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-5 87 N.D. N.D. 14 10 3 3 

November CN-0 160 17 N.D. 39 N.D. 65 2 
CN-1 51 10 N.D. 27 3 112 10 
CN-2 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
CN-3 292 5 2 10 3 5 2 
CN-4 357 7 N.D. 29 9 15 2 
CN-5 29 12 N.D. 41 5 32 2 

N.D. - Not detected. 
N.S. — No sample. 
N.A. — Not quantitated owing to chromatographic interference. 

Table 16. Concentrations of Chlorophenols in Frogs from Canagagigue Creek, November 1980 

Chlorophenol concentration ( ng/g wet wt) 
Frog Site 2,6-DCP 2,4-DCP 3,4-DCP 2,4,6-TCP 2,4,5-TCP 2,3,4,6-TTCP PCP 

Leopard frog CN-0 196 2 N.D. N.D. 3 2 2 
CN-2 N.D. 24 N.D. N.D. 36 14 N.D. 

Bullfrog •CN-3 3 28 N.D. N.D. 2 N.D. 5 37 

Bullfrog tadpole CN-2 243 51 N.D. 65 129 26 N.D. 
CN-3 83 N.D. N.D. 10 31 N.D. 19 

N.D. - Not detected. 

NEUTRAL ORGANOCHLORINE CONTAMINANTS 

The 1-L water samples collected and extracted for 
chlorophenols as previously described were also analyzed 
for neutral organochlorine pesticides and PCBs as follows. 
The residual toluene extract, after removal of chloro-
phenols, was cleaned up and separated according to the 
method of Sampson et al. (1977) and analyzed by the 
Inland Waters Directorate Water Quality Laboratory, 

Ontario Region. The data for June 1980 are shown in 
Table 17. 

Of the seven neutral organochlorine contaminants 
for which data are presented, only lindane shows a marked 
increase at the site of contaminant inflow. Analyses re-
ported elsewhere have demonstrated that lindane enters 
the creek via the Elmira WPCP. The decrease in lindane 
concentrations with distance f rom the contaminant inf low 
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is similar to that of the chlorophenols. The concentrations 
of PCBs and a-BHC show no particular trend, whereas the 
chlordanes, total DDTs and methoxychlor show somewhat 
elevated levels at all stations below the control sites. It 
should be emphasized that all of these measurements 
are made on unfiltered water from a very turbid creek. 
Concentrations of sparingly soluble contaminants at very 
low levels are easily influenced by natural variations in the 
amount and nature of solids in the samples. Only lindane, 
with a somewhat higher solubil i ty, is present at concen-
trations clearly above background levels. 

NEUTRAL COMPOUNDS (NONCHLORINATED) 

On five occasions in 1980, 4-L water samples were 
collected at each of the six sites. The samples were pro-
cessed to obtain neutral and acidic extracts. Neutral extracts 
from CN-2 were analyzed by GC/MS to identify the com-
pounds present. Mass spectra were obtained for all of the 
peaks with areas greater than 5% of the largest peak in the 
chromatogram. The compounds identified for each date 
are listed in Table 18. 

Table 17. Concentrations of Other Organochlorines in Unfiltered Water from Canagagigue Creek, June 9, 1980 

Organochlorine concentration (ng/L) 
Site PCBs a-BHC Lindane a-Chlordane 7-Chlordane S DDTs* Methoxychlor 

CN-0 19.7 13.0 7.2 N.D. N.D. N.D. 0.3 
CN-1 26.9 11.2 10.2 N.D. N.D. N.D. 0.1 
CN-2 9.3 10.0 142.5 1.3 N.D. 8.5 1.7 
CN-3 12.2 6.5 104.0 2.7 2.4 25.2 4.8 
CN-4 11.1 5.1 60.1 1.7 1.8 3.4 0.5 
CN-5 37.1 6.9 47.6 1.5 2.1 5.7 6.4 

•Total of DDT isomers and metabolites. 
N.D. - Not detected. 

Table 18. Nonchlorinated Neutral Compounds at CN-2, 1980 

Areas as percent 
Date Compound of largest peak Concentration (ng/L) 

May 23 Tributyl phosphate 100 -

2-(Methylthio)benzothiazole 36 13 
Benzothiazole 27 10 
2- (Methylsulfonyl)benzothiazole 23 19 
Diphenylamine 8 2 
2- (Methylsulfinyl)benzothiazole 7 Trace 

July 8 2-(Methylsulfonyl)benzothiazole 100 74 
2-(Methylsulfinyl)benzothiazole 61 41 
2-(Methylthio)benzothiazole 13 4 
Di-iso-octylphthalate 10 4 

July 24 2-(Methylthio)bcnzothiazole 100 25 
2- (Methylsulfonyl)benzothiazole 70 43 
2- (Methylsulfinyl)benzothiazole 13 7 
Benzothiazole 9 3 
Nonyl phenol 6 25 

September 10 2- (Methylthio)benzothiazole 100 22 
2-(Methylsulfinyl)benzothiazole 83 39 
2- (Methylsulfonyl)benzothiazole 67 36 
Benzothiazole 19 4 
Butyl butoxyethylphthalate 6 3 

November 12 Benzothiazole 100 47 
2- (Methylthio)benzothiazole 88 44 

2- (Methylsulfonyl)benzothiazole 46 55 

2- (Methylsulfinyl)benzothiazole 15 17 
Dioctylphthalate 11 9 
Diphenylamine 3 1 
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In Table 18, only two compounds, 2-(methylthio) 
benzothiazole(MMBT) and 2-(methylsulfonyl)benzothiazole 
(I), appear at significant concentrations in every sample. 

S-CHO \ « 

0 

MMBT 

Only three other compounds appear more than once 
at high levels: benzothiazole (BT), 2-(methylsulfinyl) 
benzothiazole (II), and diphenylamine (DPA). 

> \ ï 
V S - C H 3 

BT I I DPA 

Most of the assigned identities were provided by 
computer searches of mass spectral libraries. The two 
oxidation products of MMBT, I and II, were not found 
in the libraries, but their identities were tentatively assigned 
after comparison of their spectra with that of MMBT. 
Good library matches were obtained for the rest of the 
compounds listed. There were two other compounds. 

Table 19. Mass Spectra of Four Major Compounds from Canagagigue Creek 

Compound Description Mass spectra 

Benzothiazole (BT) C 7 H S N S , m o l wt 1 3 5 

2- (Methylthio)benzothiazole (MMBT) 

2-(Methylsulfonyl)benzothiazoIe (I) 

2-(Methylsufinyl)benzothiazole (II) 

C a H , N S j , mol wt 181 

C B H 7 NO,S 2 , mol wt 213 

C 8 H,NOS 2 , mol wt 197 

135(100) 
108(37) 

69 (24 ) 
91 (13) 
82 (13) 
6 3 ( 1 3 ) 

136(9) 
54(8) 
58(7) 
81(7) 

181(100) 
148(84) 
108(38) 
180(34) 
136(20) 

6 9 ( 1 9 ) 
135(17) 

6 3 ( 1 4 ) 
182(14) 
122(11) 

150(100) 
213(36) 
134(32) 

90 (23) 
6 3 ( 2 0 ) 

151(4) 
149(14) 
106(13) 
135(13) 
108(11) 

151(100) 
182(62) 
150(59) 
154(48) 

6 3 ( 4 4 ) 
181(40) 

90 (40) 
134(38) 
197(33) 
108(33) 
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appearing only once each, for which poor library matches 
were obtained. Since they were limited in appearance and 
their areas were small compared with the major peaks, no 
further effort was made to identify them. Representative 
mass spectra of these four major compounds are given in 
Table 19. 

When benzothiazoles were found to be the major 
component in the neutral fraction, we reviewed the 
literature on these substances in the aquatic environment 
(Brownlee eta!., 1981). Benzothiazoles are used as vulcan-
ization accelerators in the rubber industry, as biocides, as 
photosensitizers in photography and as corrosion inhibitors 
in products such as automobile antifreeze. The most widely 
used benzothiazole appears to be 2-mercaptobenzothiazole 
(MBT), with some rubber containing as much as 2% MBT. 
While there is extensive literature on these compounds, 
very little pertains to their occurrence, effects and fate in 
the environment. Although MBT and its disulphide DBBT 
are manufactured in Elmira, neither of these compounds 
was observed in the creek water. 

s 

MBT 

N 

> - s „ 

DBBT 

For quantitative analysis of the compounds in the 
neutral extracts, standards of BT, DPA, nonyl phenol 
(NP) and various phthalates were commercially available, 
whereas MMBT, I and II were obtained by synthesis 
following published methods (Vernin et al., 1978; Hilgetag 
and Martini, 1972). Analyses were performed using capil-
lary gas chromatography with a flame ionization detector 

Benzothiazole 

2- Methylthiobenzothiazole 

Diphenylamine 

2-Methylsulfmylbenzothiazole 

2 - Methylsulfonylbenzothiazole 

* » Dioctylphthalate 
ML^—^ y 

* present in upstream control 

Figure 10. Capillary FID gas chromatogram of neutral extract from 
Canagagigue Creek, November 12, 1980. 

(FID). A typical chromatogram is shown in Figure 10. None 
of these compounds was found at analytically significant 
levels at either upstream site. The quantitative results for 
the five compounds present at the highest levels are listed 
in Table 20. With the exception of the November 12 
sample, all concentrations decrease significantly with 
distance downstream at approximately the same rates 
previously observed for chlorophenols and lindane. The 
possibility that these decreases follow a single general 
pathway merits further investigation. 

Table 20. Concentrations of Nonchlorinated Neutral Compounds 
in Canagagigue Creek, 1 9 8 0 - 8 1 

Compound concentration (;ug/L) 
Date Site BT MMBT DPA II I 

May 23, 1980 CN-2 10 13 2 tr 19 
CN-3 8 10 0.8 tr 14 
CN-4 3 10 N.D. tr 10 
CN-5 2 7 N.D. tr 5 

July 8, 1980 CN-2 0.3 4 N.D. 41 74 
CN-3 0.1 1 N.D. 24 67 
CN-4 0.1 0.3 N.D. 7 50 
CN-5 0.1 0.4 N.D. 4 43 

July 24, 1980 CN-2 3 25 N.D. 7 43 
CN-3 N.D. 18 N.D. 9 33 
CN-4 N.D. 10 N.D. 4 7 
CN-5 N.D. 7 N.D. 4 5 

September 10, 1980 CN-2 4 22 N.D. 39 36 
CN-3 4 14 N.D. 17 19 
CN-4 4 6 N.D. 15 10 
CN-5 4 7 N.D. 13 10 

November 12, 1980 CN-2 47 44 1 17 55 
CN-3 55 45 N.D. 24 57 
CN-4 20 24 N.D. 24 24 
CN-5 13 13 N.D. 28 17 

January 14, 1981 CN-2 20 9 1 0.7 1 
CN-3 13 8 0.9 tr 0.7 
CN-4 8 5 0.3 tr 0.5 
CN-5 5 3 tr tr tr 

tr — Trace. 
N.D. - Not detected. 

ACIDIC COMPOUNDS (NONCHLORINATED) 

The acidic fraction mentioned in the previous section 
was also analyzed by GC/MS. Previous studies of stream 
water downstream from sewage plants had shown that 
this fraction contained very high concentrations of fatty 
acids and that contaminants would have to be present at 
high concentrations in order not to be obscured by these 
naturally occurring compounds. For this reason, few 
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published studies include data on acidic fractions. Data 
were included in this study for completeness, rather than 
f r om any expectat ion of signif icant results. The results, 
however, proved more interesting than anticipated. In 
addi t ion to the expected fa t ty acids, there was what 
appeared to be a series of up to eight closely related com-
pounds. The most common of these was present in every 
acidic extract obtained in 1980, and in some cases, its 
response to the GC or GC/MS was greater than that of 
the fa t ty acids. A tota l ion current chromatogram of the 
September 10 acid extract (methylated) is shown in the 
upper part of Figure 11. The mass spectra of the new 
compounds indicated that they all had a strong ion at 
m/z 117; a mass chromatogram specifically of this ion is 
shown in the lower part of the figure. This extract was 
considered representative and was subjected to fur ther 
intensive analysis. The results were indicative of a series of 
compounds not previously reported in the l i terature. The 
compound labelled a in Figure 11 is 2-hydroxybenzoth iazole 
and may be the result of hydrolysis of subst i tuted 
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Figure 12. (i) Total ion chromatogram of the methylated acidic 
extract of the influent to the Elmira WPCP, December 
5, 1979: a — anisole, b — methyl palmitate, c — methyl 
oleate, d — methyl stearate. (ii) Specific ion chromato-
gram of the m/z 74 ion of the same extract, (iii) Specific 
ion chromatogram of the m/z 117 ion of the same 
extract. 

(i) 
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Figure 11. (i) Total ion current chromatogram of the acidic extract 
(methylated) from September 10, 1980. a — methoxy-
benzothiazole, b — methyl palmitate, c — methyl 
stearate. (ii) Specific ion chromatogram of the m/z 117 
ion of the same extract. 
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Figure 13. Total and specific ion chromatogram of the methylated 
acidic extract of the effluent from the Elmira WPCP, 
December 5, 1979. (i) Total ion chromatogram: a' -
benzothiazole, b' — methylmercaptobenzothiazole, 
c — methyl palmitoleate, d' — methyl palmitate, 
e' — methyl oleate, f — methyl stearate, g and h' — 
impurities from slight sample contamination, (ii) Specific 
ion chromatogram of the m/z 117 ion of the same 
extract. 

28 



mercaptobenzothiazoles in the sewage plant. For simplicity, 
all peaks from fatty acids are coloured black in Figure 11. 
The most prominent fatty acids are palmitic and stearic 
acid, as expected. 

The mass spectra of all eight new acids (methylated) 
are presented in Table 21. The compound numbers refer 
to the peaks of the same number in the lower part of 
Figure 11. None of these spectra are present in published 
libraries of mass spectra. 

In an attempt to obtain more information about 
these compounds, acidic extracts of the influent and 
effluent (24-h composites) of the Elmira WPCP were 
analyzed. The mass chromatogram of the influent acidic 
extract (methylated) is shown in Figure 12. The prominent 
peaks are methyl derivatives of phenol, palmitic, stearic 
and oleic acids. The specific ion chromatogram for the 
m/z 117 ion reveals only the small 117 ion associated with 
fatty acids and indicates that the new compounds observed 
in Canagagigue Creek are not present in the influent to 
the WPCP. The mass chromatogram of the effluent acidic 
extract (methylated) is shown in Figure 13. Along with 
the fatty acids, benzothiazole and MMBT are present. 
They may be formed in the WPCP as degradation products 
of higher substituted benzothiazoles. In addition, the 
specific ion chromatogram of the m/z 117 ion reveals 
that the new acids are now present, indicating that they 
are formed in the Elmira WPCP as degradation products 
of some unidentified percursor. Further studies of these 
compounds seem warranted. 
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Table 21. Mass Spectra of New Acidic Compounds 

1 5 0 1 7 0 1 9 0 2 1 0 2 3 0 

Compound 1 

Mass Intensity Mass Intensity Mass Intensity 

57 24.3 95 1.8 119 3.8 
59 34.2 103 1.5 133 2.1 
67 2.7 105 2.4 134 4.8 
73 3.2 106 2.7 135 27.2 
75 3.4 107 6.9 136 2.4 
77 3.0 113 2.8 149 1.6 
78 1.7 115 2.3 251 31.0 
79 1.7 116 1.6 252 4.2 
81 1.7 117 100. 322 1.6 
91 7.8 118 8.0 

Compound 2 

Mass Intensity Mass Intensity Mass Intensity 

55 8.0 105 3.3 135 10.7 
57 10.1 107 9.9 149 7.3 
59 31.2 117 100. 169 3.2 
69 3.8 118 6.0 237 3.6 
71 7.0 119 3.3 251 11.8 
74 5.3 121 4.0 265 13.7 
87 6.1 127 2.6 307 7.8 
91 6.5 133 3.4 336 2.6 



Table 21. Continued 

Compound 3 

Mass Intensity Mass Intensity Mass Intensity 

59 36.4 118 7.7 148 5.6 
73 3.9 120 4.7 149 5.5 
77 3.5 121 8.1 163 4.3 
91 9.7 123 3.9 177 6.5 

104 6.5 133 3.1 251 9.1 
105 3.3 135 8.9 265 11.1 
107 17.6 136 4.3 279 14.2 
117 100. 145 4.3 293 13.4 

147 3.8 

Compound 4 

Mass Intensity Mass Intensity Mass Intensity 

55 4.7 83 9.5 118 7.3 
59 32.8 91 8.2 119 4.2 
67 4.3 106 4.2 134 4.6 
69 4.0 107 4.6 135 27.9 
73 4.2 116 3.0 143 5.3 
77 3.4 117 100. 251 36.5 

352 4.3 



Table 21. Continued 

Compound 5 

Mass Intensity Mass Intensity Mass Intensity 

55 29.7 87 24.1 119 8.4 
57 56.2 88 6.6 133 8.9 
58 7.5 89 6.1 134 11.8 
59 75.5 91 13.0 135 63.0 
60 7.1 95 10.4 136 7.6 
67 15.7 96 6.1 161 21.8 
69 13.3 103 7.5 164 7.5 
73 10.1 106 9.9 173 10.9 
74 76.1 107 12.3 175 7.1 
75 16.2 108 6.6 177 7.5 
78 7.1 115 6.1 295 100. 
81 12.7 116 7.5 296 20.3 
83 7.5 117 67.8 366 2.3 

118 12.7 

I I I 
3 5 « 370 390 

Compound 6 

Mass Intensity Mass Intensity Mass Intensity 

57 81.2 105 5.2 134 11.4 
58 6.7 107 10.4 135 54.1 
59 100. 117 83.3 149 6.7 
73 6.2 118 9.3 161 15.6 
91 17.7 119 8.3 173 4.9 

103 8.3 133 6.7 295 29.1 
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Table 21. Continued 
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Compound 7 

Mass Intensity Mass Intensity Mass Intensity 

55 20.8 105 22.6 147 22.6 
59 97.3 107 20.8 148 55.6 
77 22.6 115 22.6 149 33.0 
79 22.6 117 55.6 163 100. 
85 22.6 121 97.3 265 78.2 
91 34.7 122 55.6 309 55.6 
99 55.6 129 22.6 323 33.0 

101 55.6 133 20.8 337 12.1 
137 55.6 

Compound 8 

Mass Intensity Mass Intensity Mass Intensity 

55 7.2 104 5.7 133 10.1 
57 15.1 105 6.7 135 15.6 
58 9.9 107 27.6 147 10.9 
59 58.3 117 100. 161 8.3 
69 7.2 118 5.7 163 5.8 
71 10.1 120 8.3 189 11.6 
73 7.8 121 23.4 251 6.7 

91 13.5 122 9.1 323 50.7 

96 5.7 123 8.3 324 16.6 
103 5.8 127 9.1 337 23.1 

128 9.1 



CHAPTER 4 

Discussion 

There were two major objectives of this first year of 
activities. They were 

1. to define ecological zones in the creek using biological 
and water chemistry parameters and 

2. to identify major organic contaminants in the creek 
and to select those worthy of further study. 

The discussion of results will cover each objective separately. 

ECOLOGICAL STUDIES 

The water chemistry data given in Table 2 and 
Figures 4 and 5 confirm that within the study region, 
the Elmira WPCP is the only significant point source for 
ammonium, nitrate, total phosphorus, filtered reactive 
phosphorus, and sulphate. The sulphate data are partic-
ularly interesting. This ion can be considered conservative, 
and levels of sulphate in the stream, which rise sharply 
at the WPCP, do not decline significantly downstream. 
Dilution by surface or groundwater is minimal and there-
fore unlikely to be a cause of decreased contaminant 
concentrations downstream from Elmira. Thus, the dis-
appearance of ammonium ion, which can reach several 
milligrams per litre in the stream near the WPCP, is due 
to assimilation and nitrification and not to dilution. The 
water chemistry parameters also indicate that the WPCP 
effluent can form a very significant portion of total stream 
flow at certain times of the year. 

While these chemical analyses were useful in 
demonstrating the occurrence of assimilation and nitrifica-
tion downstream, the benthic survey and, to some extent, 
the fish survey were of more use in determining the ecolog-
ical zones in the creek. The benthic results indicate that 
the Woolwich reservoir has a somewhat detrimental effect 
on the stream invertebrates, while a severe detrimental 
effect occurs downstream from the Elmira WPCP and 
extends as far as CN-3. The occurrence of clean water 
fauna at CN-4 and CN-5 indicates a general improvement 
in water quality, and the stream appears to be in better 
condition at CN-5 than at the sites upstream from Elmira. 
Thus, recovery from the environmental stress of the WPCP 
appears to take place over a distance of 7 km and is 

virtually complete at the confluence of the Canagagigue 
and the Grand River. These conclusions are supported 
by the fish surveys, which also indicated a severe local 
detrimental effect in the vicinity of the WPCP. 

All of these results are to be expected downstream 
from a sewage plant whether or not the plant receives 
large quantities of synthetic chemicals (Hynes, 1960). 
In general, the survey of fish meristics also revealed that 
the Elmira WPCP exhibited no great effect on fish health, 
although there was a considerable decline in numbers in 
the immediate vicinity of the plant. Rock bass at CN-2 
were in poorer health than those in other parts of the 
stream, but this could not be unambiguously attributed 
to organic contaminants, since their preferred food sources 
were largely absent at this site. 

The study area thus appears to represent a fairly 
typical situation involving the recovery of a stream from 
the environmental stress of a sewage plant. Since several 
types of synthetic organic contaminants were found at 
levels higher than would normally be encountered, the 
Canagagigue offers a unique opportunity to study the 
environmental pathways of these chemicals under relatively 
common environmental conditions. 

SYNTHETIC CHEMICALS 

In general, fewer type$ of synthetic organic chemicals 
were found in the dissolved phase than had been expected. 
Nevertheless, several compounds were chosen for further 
intensive study. These were (a) chlorophenols, (b) lindane, 
(c) benzothiazoles, and (d) unidentified acidic compounds. 

Chlorophenols are on the Environmental Contam-
inants Act priority list and are considered of importance 
because of their toxici ty and distribution in the environ-
ment. Since they are much more water soluble than many 
organochlorine contaminants, their environmental path-
ways are likely different. Areas on which the study will 
concentrate are 

1. the factors controlling the distribution of chloro-
phenols in benthic invertebrates, 
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2. the reasons why chlorophenols are found at such 
high levels in leeches in Canagagigue Creek, 

3. the route of their disappearance f rom the stream, and 

4. the route of bioaccumulation of chlorophenols in fish 
and the distribution of accumulated chlorophenols in 
fish organs. 

Lindane is the most prominant neutral organochlorine 
contaminant in the stream. Thus, its distribution in benthic 
fauna and fish organs wil l be compared with that of the 
chlorophenols to determine similarities and differences in 
the pathways of accumulation and degradation of neutral 
vs. acidic organochlorines. 

Benzothiazoles are an important commercial 
chemical for the rubber industry. Millions of kilograms of 
rubber dust are worn from tires each year and deposited 
along roadsides. This rubber dust can contain as much as 
2% benzothiazoles which can be readily leached from 
the rubber by water. These compounds are also used as 
antioxidants in applications such as automobile antifreeze, 
so that considerable quantities can enter the aquatic 

environment. The pathways of degradation of these com-
pounds are virtually unknown. Future work on these 
compounds will therefore concentrate on 

1. the route of formation of MMBT and its sulfone and 
sulfoxide (presumably via degradative processes f rom 
benzothiazoles manufactured in Elmira), 

2. the route of disappearance of these compounds from 
the stream, and 

3. the method of analysis for these compounds in 
Canagagigue biota. 

The unidentified acidic compounds are included for 
completeness, since all indications are that they are present 
at high levels. The study will concentrate on 

1. the identification of the compounds producing the 
117 series in the mass spectrum and 

2. the identification of the precursors to these com-
pounds and confirmation of the route of their 
formation in the WPCP. 
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