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MANAGEMENT PERSPECTIVE 

.

" 

The goal of this study is to identify degraded or degrading water 

bodies so that managers will have a strong data base on which 

decisions can be made. This information is provided by using the 

"battery of tests" approach. Another goal of this study is to 

evaluate a variety of microbiological, biochemical and bioassay tests 

for their potential of becoming the core group of tests in the 

"battery of tests" approach. This core group of tests can and will be 

used nationally to prioritize water bodies and sediments or selected 

areas within water bodies for remedial action, further investigations 

or to monitor the effects of remedial actions. 

The "battery of tests" approach should make it possible to 

establish "hot spots" areas of immediate concern which were not 

previously suspected, due to inappropriate or one-dimensional testing 

procedures. . 

Tests which can be performed on refrigerated or frozen samples, 

#8-96 hours after collection, or later, will be given priority when 

the selection of the final recommended battery of microbiological, 

biochemical and bioassay tests is made. The coliphage test, one of 

the parameters being investigated for the test battery, is of 

particular importance as it provides information on the potential 

presence of indicator organisms and bacterial and viral enteric 

pathogens. The coliphage data from these studies will be related to 

data from an eight country, three continent study (S.E. Asia, South 

America and Northern Africa). Monitored by B.J. Dutka through the 

sponsorship of the International Development Research Centre (IDRC), 

Ottawa, Canada.



PERSPEC'I'IVE- GES TION 

\. 

Cette étude a pour but d'identifier les cours d'eau qui se 

sont détériorés ou qui sont en train de se détériorer de faqon 5 

fournir aux gestionnaires une base de données solide pouvant leur 

servir §»prendre des décisions. Ces données seront fournies par 

une "batterie d'épreuves". L'étude a également pour but de choisir 

parmi diverses épreuves microbiologiques et chimiques et divers 
dosages-hiologiques, ceux quiipourraient former le ngyau des 

épreuves utilisées dans le cadre de la Hbatterie d'épreuves". Ce 

noyau d'épreuves servira au niveau national 5 établir les priorités 

concernant les cours d'eau et les sédiments ou certaines regions
s 

de cours d'eau qui pourraient bénéficief de mesures correctives, de 

31:: :¢p1:: rcchcrchcs ou pour surveiller les effets des mesures prises. 

Cette "batterie d'épreuves" devrait permettre d'établir les 
"points chauds", c'est-aidire les régions qui nécessitent une 

attention immediate et qui n'ont pas été signalées auparavant par 
suite de méthodes inadéquates ou de 1'utilisation d'une seule épreuve. 

Les épreuves qui peuvent étre effectuées sur des éehantillons 
réfrigérés ou congelés, 48 3 96 heures aprés le prélévement, 

ou plus tard, se verront accorder la priorité lors du choix final 
de la batterie recommandée d'épreuves microbiologiques ou biochimiques 
et de dosages biologiques. L'épreuve des coliphages, 1'un des 
paramétres qui feront 1'objet de 1'étude dams la batterie d'épreuves, 
est teut particulierement importante car elle procure des données sur



la présence potentielle d'organismes indicateurs et d'agents 

pathogénes entériques bactériens et viraux. Les données de 1'épreuve 

des coliphages firovenant de ces études seront comparées aux données 

d'une étude portant surihuit pays dans trois continents (Asie du 

sud—est, Amérique du Sud, Afrique du Nord). Travaux effectués par 

B.J. Dutka et parrainés par 1e Centre de recherche pour 1e 

dévelcppement international XCRDI), Ottawa (Canada).



ABSTRACT

s 

In this study, a new approach has been taken to evalnate Saint 

John River water and sediment conditions. A battery of biochemical, 

microbiological and bioassay tests were used_to identify degraded or 

degrading sediments and waters. Data were obtained from waters and 

sediments at 38 sites within the Saint John River Basin. The data 

suggested that the following four sites had the highest priority 

concern: Little River #34, Grand Bay, Saint John River near Boars Head 

#33, Madawaska River below mill #7 and St. Francois-de-Madawaska, mill 

istream #2. The data also indicate that microbial population, 

biochemical or bioassay tests performed independently do not provide 

realistic estimates of priority concern areas and that the "battery of 

tests" approach is necessary to provide management with information on 

which decisions can.be made.
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Au cours de cette étude, une nouvelle approche a été choisie 

pour déterminer les conditions de l'eau et des sédiments dans la 

riviére St~Jean. Une batterie d'épreuves biochimiques, microbiologiques 

et de dosages biologiques ont été utilisés pour identifier les 

sediments et les eaux qui se.sont détériorés ou qui sont en train 

de se détériorer. Les données provenaient d'eaux et de sédiments 

prélevés 3 38 bassins de la riviere St-Jean. les résultats 

obtenus, les quatre endroits suivants doivent étre traités en priorité : 

Little River no 34, Grande Baie, la riviere St-Jean pres de Boars 

Head no $3, la riviére Madawaska en aval de 1'usine no 7 et le 

canal d'évacuation de l'usine de Saint-Franqois—deéMadawaska no 2. 

Les résultats indiquent également que la population microbienne, 

les épreuves biochimiques ofi les dosages biologiques exécutés , 

indépendamment ne permettent pas d'effectuer une estimation réaliste 

de l'état des régions prioritaires et qu'une "batterie d'épreuves" 

doit étre utilisée pour fournir les données qui serviront 3 prendre 

les décisions.
'
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0 l INTRODUCTION ‘ 

World wide there has been a dramatic increase in industrializa- 

tion and population concentration over the past three decades. with 

these increased population and industry centres, both the developed 

and developing nations face increasing ecological and toxicological 

problems from the release of domestic wastes and contaminants into the 

environment. In response to these expanding stresses on the 

environment and in the belief that there is no single criterion to 

adequately judge the potential hazard (either to man or the 

environment) of an effluent or substance, (Draggan and Giddings, 

1978), a multitude of biological and biochemical procedures have been 

and are being developed and used to assess these biological and 

toxicant impacts (Kohn, 1980; Bringmann and Kuhn, 1980). 

Within the last two to three decades there has been an increasing 

awareness of the multitude of new chemicals being produced and 

eventually discharged to the' environment. There has also been a 

slower but increasing realization, that chemical analysis of all 

suspected effluents, emissions, waters and sediments is impractical 

and impossible. Therefore quick, inexpensive, simple screening tests 

must be developed to prioritize samples, water bodies or sediments for 

chemical analyses. v 

_

V 

Many enzyme, bacterial and algal tests have been developed for 

the monitoring or screening of toxicant/genotoxciant effects in 

effluents, waters and sediments (Bitten and Dutka, 1986). The
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majority of these tests are rapid, simple, relatively reproducible and 

inexpensive and require little space and time as compared to fish and 

Cladocern tests (Bitton and Dutka, 1986a; Dutka and Bitten, 1986). 

however, little information is available on comparative studies of 

short-term microbial assays for estimating the impact of toxicants on 

the aquatic environment. Such studies could give valuable information 

on reproducibility, sensitivity, cost and rapidity of the various 

tests. -- 

Also, due to escalating costs and transportation problems, 

traditional and newer proposed microbiological tests for water and 

sediments must be re-evaluated. In this re—evaluation process, bias 

should be given to those tests which are amenable to short-term 

refrigeration/preservation (48-72 hr), are easy to perform and do not 

require excessively sophisticated equipment and specialized staff, and 

are cost effective. 

In this paper, we continue to evaluate the suitability of a 

variety of microbiological, biochemical and toxicant screening tests 

to become part of a "battery of tests" approach. The final goal of 

these evaluation studies is to develop a "battery of tests" containing 

two or three toxicant/genotoxicant screening tests and two or three 

microbiological hazard screening tests which can be used 

internationally to designate and prioritize specific water bodies and 

sediments that are degraded or are being degraded for further 

investigation or remedial action.
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.In these Phase III studies, water and sediment from the Saint 

John River (New Brunswick, Canada) and rivers and lakes within the 

Saint John River Basin, as well as inshore marine waters influenced by 

the Saint John River, were used to evaluate the testing procedures. 

Data from this Phase III study are presented and results 

discussed. 

METHODS 

Sampling Sites 

A total of 38 sites were sampled in this study during late 

October 1986. Twenty-two of the samples were from the Saint John 

River, four of which were affected by salt water intrusion. Three of 

the samples were marine samples in Saint John Harbour and are 

influenced by the Saint John River. Nine samples were from 

tributaries of the Saint John River and four samples were from lakes 

within the drainage basin (Table 1, Fig. 1). Most of the Saint John 

River sites could be considered to be under various anthropogenic 

influences such as sewage, sewage treatment plant discharges, pulp and 

paper mill discharges, and food processing plant discharges. 

Sample Collection 

Sediments were collected with an Ekman dredge or shovel. Usually 

several drops or shovel loads were required to obtain sufficient
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surface layer sediment (2-3 cm). At each site the surface layers were 

pooled, well mixed and aliquots dispensed for each testing procedure 

and; refrigerated, ’Prior to performing toxicant screening tests, 

sediments were extracted with Milli Q water (4 cartridge system — A, 
' » n

K 

Super C carbon cartridge, B, Ion-Ext", C, Ion-Ext“, D, 

Organet—Qr and E. Milli—Staktm filter; with a glass distilled 

water feed) by mixing sediment and Milli Q water in a 1:1 ratio, 

shaking vigorously by hand for 2 minutes, then centrifuging at 10,000 

rpm in a refrigerated centrifuge for 20 minutes. The supernatant was 

used in toxicity screening tests. 

Surface water samples were collected at each site, a 500 ml 

sample for fecal coliform, fecal streptococci and coliphage tests 

which were usually processed within 8 hours of collection, and another 

500 ml sample which was preserved at 4°C for toxicant screening 

tests. Samples for toxicant screening tests were tested after being 

concentrated 10x by flash evaporation at 45°C. 

Also at all sites a one litre surface water sample was collected 

and preserved with 1 ml H,SO, for coprostanol and cholesterol 

analyses. 

Microorganism Tests 

Fecal coliform, fecal streptococci, E; coli and coliphage tests 

were performed as described‘ by Dutka g§_ 31, (1986). Clostridium 

perfringens MPN enumeration techniques were performed as described by 

Bonde (1963) and Dutka et al. (1986b).
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Lactose Fermenting Isolates * 

A total of 393 isolates were collected and identified from 

positive A-1 Broth tubes (MN fecal coliforms in sediments) as well as 

from typical fecal coliform colonies on MF-mFC plates. Identification 

procedures included lactose fermentation, oxidase reaction, IMViC 

Tests, motility, H,S production, inositol and sorbitol fermentation. 

Isolates were collected to ascertain the sensitivity of the two 

techniques for selecting and enumerating §; coli in these waters and 

sediments. 

Biochemical and Toxicity Screening Tests 

Coprostanol and cholesterol analyses were performed on water 

samples and the Microtox tests were performed on water and sediment 

extracts as detailed by Dutka gt gl. (1986). Genotoxicity tests on 

water and sediment extracts were performed as described by Xu gt 51. 

(1987) without S-9 addition. ATP—TOX system, a new toxicity screening 

test based on toxicant inhibition of bacterial growth and luciferase 

activity was applied to water and extracts (Xu and Dutka, 1987). 
' volutans, a large aquatic bacterium with a rotating fascicle Snirillum 

of flagella at each pole was also used to test samples for toxicity 

following procedures described by Dutka and Kwan (1982). 

The Algal-ATP toxicant screening test is based on the inhibition 

of ATP production in cultures of the green algae Selenastrum 

cagricornutum (Blaise gt 51., 1984). The ATP content of the stressed
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Selenastrum capricornutum was measured by the procedure described in 

the Turner Luminescence Review (1983). The results are reported as a 

percentage of Relative Light Output (RLU) of the non—stressed controls 

.which is 1001. 

Results - Discussion 

In Table 1, a brief visual description of the 38 sediments is 

presented for comparison along with site description and the latitude 
and longitude of each sampling site. The format used to award points 
for specific data values in order to rank the waters and sediments 
from areas of most concern to least concern, is presented in Table 2. 

The point allocation scheme is biased, and not scientifically 
defensible, but it reflects the authors‘ experience with various 
concentration levels of toxicant activity and health related bacteria 
in Canadian waters and sediments. The present rating scheme is a 

viable entity which will change with increased inputs and when greater 
experience is gained. 

Samples with the most points are deemed to contain the greatest 
potential hazard to man and organisms found in the aquatic ecosystem. 
High toxicant levels may have reduced microbial levels/activity in 

some sediment samples; however, cause and effect relationships were 
not investigated. 

_

- 

Table 3 presents the results of the sediment analyses. Fecal 

coliform densities were found to vary in the drainage basin from <2



- 7 - 

(Glasier Lake #1 to >l,§O0,000 (Little River #34) per 1Q gram wet 

weight sediment. The fecal coliform data suggest that there is a 

continuing large input of fecal material into the Saint John River 

from Babin Brook to Florenceville and also into the Saint John 

Harbour. Clostridium perfringens levels shown in Table 3 were the 

highest encountered in this series of studies (Dutka Q; 31., 1986a) 

with densities varying from a low of 21 (Lac Unique #3) to'a high of 

>160,000 (Madawaska River below paper mill #7). To illustrate the 

exceedingly high ‘Q; yperfringens densities nfound in the Saint John 

River sediment, a study covering inshore Lake Erie and river Aand 

-stream mouths entering this lake and the lower Detroit River and upper 

Niagara River, the maximum Q; perfringens density found was 34/10 gram 
sediment. At some of the sampling sites, which are known recreational 

areas with mainly summer usage (Environ. New Brunswick, 1977), the 

data suggest, based on Q; perfringens and fecal coliform densities 

that historical fecal pollution had occurred and has not continued to 

the same degree e.g. Glasier Lake '#l, fecal coliforms <2, Q; 
perfringens 1700; Lac Baker #4, fecal coliforms 8, QQ_ perfringens 

2,200; Longs Creek #22, fecal coliforms 13, Q; gerfringens 13,000; and 

Mactaquac head pond #23, fecal coliforms 2, Q; perfringens 12,000. 
A total of 140 positive A-1 broth tubes were subcultured onto 

MacConkey's agar for isolate identification and confirmation for the 

presence of fecal co1iforms.4 A total of 36% of the tubes confirmed as 
having EL Qgli and 18% as having glgggigllg sp. These fecal coliform



estimates by A-1 broth, produced the lowest coli confirmation rate 

that we have ever encountered (usually 902+, Dutka _e_§ a_l.,- 1986). 

This relatively low 5 coli presence in the sediments may be an 

indication of the variety of the organic pollution reaching the Saint 

John River, e.g. piggery wastes, pulp and paper mill wastes, light 

industrial effluents, food processing wastes, and domestic sewage. 

In Table 3, it can be seen that only six sites, #11, #13, #25, 

#26, #27 and #35 were completely negative for any toxicant and/or 

genotoxicant activity; Also sit-es #1 and #9 were only positive in the 

Spirillum volutans tests, an unexpected finding as the L volutans 
test was usually found to be the least ensitive of the various 

toxicant screening tests studied (Dutka and Kwan, 1982; Dutka e_t »_ai., 

1983). Only three sites, #3, #7 and #15 were positive in all the 

toxicant creening tests, with #15 also showing a slight response in 

the genotox-icity test. A total of 1,1 sediment sites were positive for 

toxicants by the Microtox test, 13 ‘sites by the algal-ATP test, ll 

sites by the §; volutans test and 26 sites by the A'1‘P—'1‘OX System. 

These data suggest A-'l‘P-,TOX System is the most sensitive screening test 

for indicating the "possible presence of toxi-cants within the Saint 

John River basin. However, it must be pointed out that the points 

used to assess t;0xic_ant~ effects are different for each test, e.g. 

ATP-TOX System is recorded as a positive when there is" only a 11 

inhibition of ATP and growth while the Microtok test resu1.ts are based 

on the concentration of toafcicants that produce a 50% inhibition of 

light output (EC,,,). In trying to relate AT]-?—'1‘OX System positive 

sites to sites positive by the other tests, it can be seen that there
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were nine sites positive by both the Microtox and ATP—TOX_System, 

twelve sites by the algal-ATP and ATP*TOX System, and eight sites by 

the §; volutans and ATP—TOX System. These findings accentuate the 

need for the "battery of screening tests" approach to examine and 

prioritize environmental samples. 

The SOS Chromotest kits used on these samples produced very low 

values and it is suspected from the positive controls that the test 

organisms were not operating at maximum efficiency. Nevertheless, 

site #29 sedimemt extract was found to have a substantive positive 

induction effect with four other sites, #4, #12, #15 and #19, showing 

weak inducing ability. . 

Based on the point scheme developed in Table 2 the ten sediments 

of the greatest potential concern are: 1, Saint John R. at 

Florenceville #15; 2, Madawaska R. below mill #7; 3, Grand Bay, Saint 

John R., l km from Boars Head #33; 4, Little R. #34; 5, Mill Stream 

pond, St. Francois—de-Madawaska #2; 6, Saint John R. below Babin Brook 

#5; 7, Saint John R. at Longs Creek #22; 8, Madawaska R. above mill 

site #6; 9, Saint John R., near Grand Falls S.T.P. outfall #12; and 

10, Saint John R. at Nackwick below mill #21. 

, 
Table 4 displays the data obtained from the 38 water samples by 

the various techniques used. The microbiological data indicate tht 

the first definite signs of fecal pollution start at site #5, Saint 

John R. below Babin Brook at Fifth Island. This fecal pollution is 

shown in both the water and sediment sample. With the exception of 

sites #25 and #27, and down river_from site #19 (Saint John R., .5 km 

below Pokiok R. mouth) to site #31 (Saint John R. at Westfield ferry)
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the Saint John R. appears to be~ only slightly affected *by' micro- 

biological pollution. However, within the Saint John River basin, 

waters at 24 of the 38 sampling sites produced elevated fecal coliform 

counts and fecal coliform; fecal streptococci ratios of 4:1 and 

greater. Based on Geldreich's hypothesis (1972) that 4:1 FC;ES ratios 

are indicative of human fecal pollution, data _from these sites 

strongly suggest that the source of these elevated health related 

bacterial populations are human fecal material and sewage treatment 

plant discharges. 

The highest water land sediment fecal coliform densities were 

found at site #34, Little River, with sediment fecal coliform 

concentrations of >1,600,000 and water column concentrations of 

>5,000,000 and only ten coliphage. Fecal coliform HF and MPN isolates 

collected from these samples were found to be 100% Enterobacter sp 

from the HF plate (ll isolates) and 801 Enterobacter sp and 202 

Citrobacter gp from the MEN test (10 tubes). 

Coliphage counts from the 38 water sample sites were 

inconsistent and showed no pattern or relation to fecal coliform 

concentrations in the water column or sediments. This may be a 

reflection of the lower E; £91; concentrations in these samples as 

indicated by isolate identification from the A-1 broth MPN, 36% g; 

ggli, and the membrane filter mFC agar, 77% E; ggli. 
The fecal sterol data provided very little useful information on 

the fecal pollution load on the waters in the Saint John River Basin. 

Only sampling site #2, Mill Stream at pond in St. Francois-de- 

Madawaska produced significant coprostanol and cholesterol
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concentrations. These elevated levels were not reflected, by the 

bacteriological data. Only the sediment iecal coliform and 

§;_ perfringens data at this site produced a suspicion that fecal 

pollution is a potential problem. Fecal sterol data continue to be an 

enigma. Frmm the fecal sterol data obtained in thisiand earlier 

studies (Dutka gt 51., 1986; Dutka gt 51., 1986b) it would appear that 

these parameters are not amenable to random, one-time sample 

collection. .- 

Water samples giving positive responses in all toxicant screening 

tests were only found at sites #3 and #34. Site #3, Lac Unique, was a 

suprise as there are no obvious toxicant inputs into the water column, 

while site #34 which drains a very heavily industrialized area was an 

expected positive.
; 

The last three sites, #36, #37 and #38 (Saint John Harbour), were 

positive in all toxicant screening_tests except the SOS Chromotest. 

These sites are also unique in that they produced the highest positive 

responses in the Microtox, Algal ATP, ATP-TOX System and Spirillum 

volutans tests. The §; volutans test was positive in both the neat 

and 10x concentrated samples. As these are marine water sites, the 

positive test response may have been influenced by the salinity of the 

freshwater-saltwater mixture found at these sites. 

The SOS Chromotest and Microtox test were the least sensitive 

screening tests with these 10x concentrated water samples. The most 

sensitive test was the ATP-TOX System. however, it both the ATP-TOX 

System and Algal-ATP tests were reported as positive at EC,,
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concentrations, then it would be found that the vflicrotox and 

§;_ volutans tests indicated the greatest number oi positive toxic 

samples, ll each, while 'the Algal-ATP and ATP—TOX Systems would 

suggest that 2 and 6 samples contained toxicants, respectively. The 

lack of positive responses with the SOS Chromotest appears to be 

related to batch to batch variations of the testing cells. In this 

study the positive control results were significantly lower than 

obtained with previous kit batch numbers. _. 

Using the point scheme developed in Table 2, the ten water 

samples of the greatest potential concern_are: 1, Little R. #3b; 2, 

Saint John Harbour, outside #38,; 3, Saint John Harbour #36; 4, Saint 

John Harbour at Container Wharf #37; 5, Lac Unique #3; 6, Grand Bay 

(Saint John R.) near Boars Head #33; 7, Saint John R. at St. Bassle 

#9; 8, Madawaska R. below mill #7; 9, Mill Stream at St. Francois-de- 

Madawaska; #2; 10, Grand Bay, Saint John R., 1 km from St. John.Marina 

#32. 

Examination of the top ten ranking water sampling sites and top 

ten sediment sites revealed that there were four common sites which 

are listed below: 

Sediment Sample Water Sample Sample Site 
Rank Rank 

Little R. #34 4 1 

3 6 Grand Bay, Saint John R. near 
Boars Head #33 

2 
'

a Madawaska R,- below mill #7 

5 9 St. Francois-de—Madawaska: mill 
stream #2 

___-_----

i

I

1

2

I

%
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Thus based on the rating scheme (Table 2), developed for ranking the 

various microbiological, biochemical and toxicant screening test 

responses to the samples, the four areas of highest concern would be 

sampling sites #34, #33, #7 and #2. 

Use of the "battery of tests“ approach in this study reemphasizes 

that individual bacteriological and toxicant screening tests do not 

provide a sufficient data base for realistic management decisions to 

be made on which of the many aquatic environments are of priority 

concern and require immediate or delayed remedial actions. Also from 

this study it would appear that the fecal sterol tests are not 

amenable to a "battery of tests" approach. " 

Further refinement of the present "battery of tests" will 

continue with emphasis on acute and chronic tests and techniques to 

assure the compatibility of reported test results, The eventual goal 

will be to select a maximum of three toxicant/mutagen screening tests 

and two microbiological tests as_a core group. The ranking scheme 

will be reviewed after each study to ensure the points allocated to 

various response levels continues to reflect country wide conditions. 
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ABSTRACT 

In this study, a new approach has been taken to evaluate Saint 

John River water and sediment conditions. A battery of biochemical, 

microbiological and bioassay tests were used to identify degraded or 

degrading sediments and waters. Data were obtained from waters and 

sediments at 38 sites within the Saint John River Basin. The data 

suggested that the "following four sites had the highest priority 

concern: Little River #34, Grand Bay, Saint John River near Boars Head 

#33, Madawaska River below mill #7 and St. Francois#de—Madawaska, mill 

stream #2. The data also indicate that microbial population, 

biochemical or bioassay tests performed independently do not provide 

realistic estimates of priority concern areas and that the "battery of 

tests“ approach is necessary to provide management with information on 

which decisions can be made.



MANAGEMENT PERSPECTIVE 

The goal of this study is to identify degraded or degrading water 

bodies so that managers will have a strong data base on which 

decisions can be made. This information is provided by using the 

"battery of tests" approach. Another goal of this study is to 

evaluate a variety of microbiological, biochemical and bioassay tests 

for their potential of becoming the core group of tests in the 

"battery of tests" approach. This core group of tests can and will be 

used nationally to prioritize water bodies and sediments or selected 

areas within water bodies for remedial action, further investigations 

or to monitor the effects of remedial actions. 

The "battery of tests" approach should make it possible to 

establish "hot spots" areas of imediate concern which were not 

previously suspected, due to inappropriate or one—dimensional testing 

procedures. 

Tests which can be performed on refrigerated or frozen samples, 

48-96 hours after collection, or later, will be given priority when 

the selection of the final recommended battery of microbiological, 

biochemical and bioassay tests is made. The coliphage test, one of 

vthe parameters being investigated for the test battery, is of 

particular importance as it provides information on the potential 

presence of indicator organisms and bacterial and viral enteric 

pathogens. The coliphage data from these studies will be related to 

data from an eight country, three continent study (S.E. Asia, South 

America and Northern Africa). Monitored by B.J. Dutka through the 

sponsorship of the International Development Research Centre (IDRC), 

Ottawa, Canada.
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INTRODUCTION 

World wide there has been a dramatic increase in industrializa- 

tion and population concentration over the past three decades. with 

these increased population and industry centres, both the developed 

and developing nations face increasing ecological and toxicological 

problems from the release of domestic wastes and contaminants into the 

environment. In response to these expanding stresses on the 

environment and in the belief that there is no single criterion to 

adequately judge the potential hazard (either to man or the 

environment) of an effluent or substance, (Draggan and Giddings, 

1978), a multitude of biological and biochemical procedures have been 

and are being developed and used to assess these biological and 

toxicant impacts (Kohn, 1980; Bringmann and Kuhn, 1980). 

Within the last two to three decades there has been an increasing 

awareness of the multitude of new chemicals being produced and 

eventually discharged to the environment. There has also been a 

slower but increasing realization that chemical analysis of all 

suspected effluents, emissions, waters and sediments is impractical 

and impossible. Therefore quick, inexpensive, simple screening tests 

must be developed to prioritize samples, water bodies or sediments for 

chemical analyses»
p 

Many enzyme, bacterial and algal tests have been developed for 

the monitoring or screening of toxicant/genotoxciant effects in 

effluents, waters and sediments (Bitten and Dutka, 1986). The
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majority of these tests are rapid, simple, relatively reproducible and 

inexpensive and require little space and time as compared to fish and 

Cladocern tests (Bitten and Dutka, 1986a; Dutka and Bitton, 1986). 

However, little information is available on comparative studies of 

short—term microbial assays for estimating the impact of toxicants on 

the aquatic environment. Such studies could give valuable information 

on reproducibility, sensitivity, cost and rapidity of the various 

tests. ~~ 

Also, due to escalating costs and transportation problems, 

traditional and newer proposed microbiological tests for water and 

sediments must be re—evaluated. In this re-evaluation process, bias 

should be given to those tests which are amenable to short—term 

refrigeration/preservation (48-72 hr), are easy to perform and do not 

require excessively sophisticated equipment and specialized staff, and 

are cost effective. 

In this paper, we continue to evaluate the suitability of a 

variety of microbiological, biochemical and toxicant screening tests 

to become part of a "battery of tests" approach. The final goal of 

these evaluation studies is to develop a "battery of tests" containing 

two or three toxicant/genotoxicant screening tests and two or three 

microbiological hazard screening tests which can be used 

internationally to designate and prioritize specific water bodies and 

sediments that are degraded or are being degraded for further 

investigation or remedial action.
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In these Phase III studies, water and sediment from the Saint 

John River (New Brunswick, Canada) and rivers and lakes within the 

Saint John River Basin, as well as inshore marine waters influenced by 

the Saint John River, were used to evaluate the testing procedures. 

Data from this Phase III study are presented and results 

discussed. 

METHODS 

Sampling Sites 

A total of 38 sites were sampled in this study during late 

October" 1986. Twenty-two of the samples were from the Saint John 

River, four of which were affected by salt water intrusion. Three oi 

the samples were marine samples in Saint John Harbour and are 

influenced by the Saint John River. Nine samples were from 

tributaries of the Saint John River and four samples were from lakes 

within the drainage basin (Table 1, Fig, 1). Most of the Saint John 

River sites could be considered to be under various anthropogenic 

influences such as sewage, sewage treatment plant discharges, pulp and 

paper mill discharges, and food processing plant discharges. 

Sample Collection 

Sediments were collected with an Ekman dredge or shovel. Usually 

several drops or shovel loads were required to obtain sufficient
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surface layer sediment (2-3 cm). At each site the surface layers were 

pooled, well mixed and aliquots dispensed for each testing procedure 

and refrigerated. Prior to performing toxicant screening tests, 

sediments were egtracted with Milli Q water (4 cartridge system - A, 

Super C carbon cartridge, B, Ion+Extm, C, Ion-Extm, D, 

0rganet*Qr and E.‘ Milli—Staktm filter; with a glass distilled 

water feed) by' mixing sediment and Milli Q water in a 1:1 ratio, 

shaking vigorously by hand for 2 minutes, then centrifuging at 10,000 

rpm in a refrigerated centrifuge for 20 minutes. The supernatant was 

used in toxicity screening tests.
p 

Surface water samples were collected at each site, a 500 ml 

sample for fecal coliform, fecal streptococci and coliphage tests 

which were usually processed within 8 hours of collection, and another 

500 ml sample which was preserved at A°C for toxicant screening 

tests. Samples for toxicant screening tests were tested after being 

concentrated 10x by flash evaporation at 45°C. 

Also at all sites a one litre surface water sample was collected 

and preserved with l ml H2804 for" coprostanol and cholesterol 

analyses, 

Microorganism Tests 

Fecal coliform, fecal streptococci, Q; coli and coliphage tests 

were performed as described by Dutka gt ‘El. (1986). Clostridium 

perfringens MPN enumeration techniques were performed as described by 

Bonde (1963) and Dutka gt al. (l986b).
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Lactose Fermenting_Isolates 

A total of 393 isolates were collected and identified from 

positive A-1 Broth tubes (MPN fecal coliforms in sediments) as well as 

from typical fecal coliform colonies on MF—mFC plates. Identification 

procedures included lactose fermentation, oxidase reaction, IMViC 

Tests, motility, H,S production, inositol and sorbitol fermentation. 

Isolates were collected to ascertain the sensitivity of the two 

techniques for selecting and enumerating E; coli in these waters and 

sediments. 

Biochemical and Toxicity Screening Tests 

Coprostanol and cholesterol analyses were performed on water 

samples and the Microtox tests were performed on water and sediment 

extracts as detailed by Dutka gt al. (1986). Genotoxicity tests on 

water and sediment extracts were performed as described by Xu et al. 

(1987) without S-9 addition. ATP-TOX system, a new toxicity screening 

test based on toxicant inhibition of bacterial growth and luciferase 

activity was applied to water and extracts (Xu and Dutka, 1987). 

Spirillum volutans, a large aquatic bacterium with a rotating fascicle 

of flagella at each pole was also used to test samples for toxicity 

following procedures described by Dutka and Kwan (1982). 

The Algal-ATP toxicant screening test is based on the inhibition 

of ATP production in cultures of the green algae Selenastrum 

capricornutum (Blaise gt 51., 1984). The ATP content of the stressed
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Selenastrum capricornutum was measured by the procedure described in 

the Turner Luminescence Review (1983). The results are reported as a 

percentage of Relative Light Output (RLU) of the non-stressed controls 

which is 100%. 

Resu1ts7—HDiscussion 

In Table 1, a brief visual description of the 38 sediments is 

presented for cqmparison along with site description and the latitude 

and longitude of each sampling site. The format used to award points 

for specific data values in order to rank the waters and sediments 

from areas of most concern to least concern, is presented in Table 2. 

The point allocation scheme is biased, and not scientifically 

defensible, but it reflects the authors‘ experience with various 

concentration levels of toxicant activity and health related bacteria 

in Canadian waters and sediments. The present rating scheme is a 

viable entity which will change with increased inputs and when greater 

experience is gained. 

Samples with the most points are deemed to contain the greatest 

potential hazard to man and organisms found in the aquatic ecosystem. 

High tdxicant levels may have reduced microbial levels/activity in 

some sediment samples; however, cause and effect relationships were 

not investigated. 

Table 3 presents the results of the sediment analyses. Fecal 

coliform densities were found to vary in the drainage basin from <2

\
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(Glasier Lake #1 to >1,600,000 (Little River #34) per 10 gram wet 

weight sediment. The fecal coliform data suggest that there is a 

continuing large input of fecal material into the Saint John River 

from Babin Brook' to’ Florenceville and also into the Saint John 

Harbour. Clostridium perfringens levels shown in Table 3 were the 

highest encountered in this series of studies (Dutka gg gl., 1986a) 

with densities varying from a low of 21 (Lac Unique #3) to a high of 

>l60,000 (Madawaska River below paper mill #7). To illustrate the 

exceedingly‘ high Q; perfringens densities found in the Saint John 

River sediment, a study covering inshore Lake Erie and river and 

stream mouths entering this lake and the lower Detroit River and upper 

Niagara River, the maximum Q; perfringens density found was 34/10 gram 

sediment. At some of the sampling sites, which are known recreational 

areas with mainly summer usage (Environ. New Brunswick, 1977), the 

data suggest, based on Q; perfringens and fecal coliform densities 

that historical fecal pollution had occurred and has not continued to 

the same degree e.g, Glasier Lake #1, fecal coliforms <2, Q; 

perfringens 1700; Lac Baker #4, fecal coliforms 8, QQ_ perfringens 

2,200; Longs Creek #22, fecal coliforms 13, Q; perfringens 13,000; and 

Mactaquac head pond #23, fecal coliforms 2, Q; perfringens_12,000. 

A total of 140 positive A-1 broth tubes were subcultured onto 

MacConkey's agar for isolate identification and confirmation for the 

presence of fecal coliforms. A total of 36% of the tubes confirmed as 

having Q; coli and 18% as having Klebsiella sp. These fecal coliform



-8.. 

estimates by A-1 broth, produced the lowest L confirmation rate 

that we have ever encountered (usually 902+, Dutka 1.1 L1,, 1986). 

This relatively low L coli presence in the sediments may be an 

indication of the variety of the organic pollution reaching the Saint 

John River, e.g. piggery wastes, pulp and paper mill wastes, light 

industrial effluents, food processing wastes, and domestic sewage. 

In Table 3, it can be seen that only siix sites, #11, #13, #25’, 

#26, #27 and #35 were completely negative for any toxicant and/or 

genotoxicant activity. Also sites #1 and #9 were only positive in the 

Spirillum , 7 tests, an unexpected finding as the L volutans volutans M 

test was usually found to be the least sensitive of the various 

toxicant screening tests studied (Dutka and Kwan, 1982; Dutka Q 511,, 
1983). Only three sites, #3, #7 and #15 were positive in all the 

toxicant" screening tests, with #15 also showing a slight response in 

the genotoxicity test-. A total Of 11 sediment sites were positive for 

toxicants by the Microtox test, 13 sites by the alga1—A'l‘P test, ll 

sites by the L volutans test and 26 sites by the ATP-TOX System. 

These data suggest AT"P—'I‘OX System is the most sensitive screening test 

for indicating the possible presence of toxicants within the Saint 

John River basin. However, it must be pointed out that the points 

used to assess toxicant effects are different for each test, e.g, 

ATP-TOX System is recorded as a positive when there is only a 1% 

inhibition of ATP and growth while the Microtox test results are based 

on the concentration of toxicants that produce a 50% inhibition of 

light output (ECU). In trying to relate ATP~'l‘OX System positive 

sites to sites positive by the other tests, it can be seen that there



were nine sites positive by both the Microtox and ATP—TOX System, 

twelve sites by the algal-ATP and ATP—TOX System, and eight sites by 

the §; and ATP—TOX System. These findings accentuate the 
,_ volutans 

need for the ”battery‘ of‘ screening tests" approach to examine and 

prioritize environmental samples. 

The SOS Chromotest kits used on these samples produced very low 

values and it is suspected from the positive controls that the test 

organisms were not operating at maximwn efficiency. Nevertheless, 

site #29 sedimemt extract was found to have a substantive positive 

induction effect with four other sites, #4, #12, #15 and #19, showing 

weak inducing ability. . 

Based on the point scheme developed in Table 2 the ten sediments 

of the greatest potential concern are: 1, Saint John R. at 

Florenceville #15; 2, Madawaska R. below mill #7; 3, Grand Bay, Saint 

John R., 1 km from Boars.Head #33; 4, Little R. #34; 5, Mill Stream 

pond, St. Francois+de—Madawaska #2; 6, Saint John R. below Babin Brook 

#5; 7, Saint John R. at Longs Creek #22; 8, Madawaska R. above mill 

site #6; 9, Saint John R., near Grand Falls S.T.P. outfall #12; and 

10, Saint John R. at Nackwick below mill #21. 

Table 4 displays the data obtained from the 38 water samples by 

the various techniques used. The microbiological data indicate tht 

the first definite signs of fecal pollution start at site #5, Saint 

John R. below Babin Brook at Fifth Island. This fecal pollution is 

shown in both the water and sediment sample. With the exception of 

sites #25 and #27, and down river from site #19 (Saint John R., .5 km 

below Pokiok R. mouth) to site #31 (Saint John R. at Westfield ferry)
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the Saint John R. appears to be only slightly affected by' micro- 

biological pollution. However, within the Saint John River basin, 

waters at 24 of the 38 sampling sites produced elevated fecal coliform 

counts and fecal coliform; fecal streptococci ratios of 4 1 and 

greater. Based on Geldreich's hypothesis (1972) that 4:1 FC:ES ratios 

are indicative of human fecal pollution, data from these sites 

strongly suggest that the source of these elevated health related 

bacterial populations are human fecal material and sewage treatment 

plant discharges. 

The highest water and sediment fecal coliform. densities were 

found at site #34, Little River, with sediment fecal coliform 

concentrations of >l,600,000 and water column concentrations of 

>5,000,000 and only ten coliphage. Fecal coliform ME and MPN isolates 

collected from these samples were found to be 100% Enterobacter sp 

from the MF plate (ll isolates) and 80% Enterobacter sp and 20% 

Citrobacter sg from the MPN test (10 tubes). , 

Coliphage counts from 38 water sample sites were 

inconsistent and showed no pattern or relation to fecal coliform 

concentrations in the water “column or sediments, This may be a 

reflection of the lower gé coli concentrations in these samples as 

indicated by isolate identification from the A—1 broth MPN, 36% §; 

coli, and the membrane filter mFC agar, 77% E; coli. 

The fecal sterol data provided very little useful information on 

the fecal pollution load on the waters in the Saint John River Basin. 

Only sampling 'site #2, Mill Stream at pond in St. Francois-de- 

Madawaska produced significant coprostanol and cholesterol
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concentrations. These elevated levels were not reflected by the 

bacteriological data. ’0nly the sediment fecal coliform and 

§;_ perfringens data at this site produced a suspicion that fecal 

pollution is a potential problem. Fecal sterol data continue to be an 

enigma. From the fecal sterol data obtained in this and earlier 

studies (Dutka gt 31., 1986; Dutka gt gl., 1986b) it would appear that 

these parameters are not amenable to random, one—time sample 

collection. _- 

Water samples giving positive responses in all toxicant screening 

tests were only found at sites #3 and #34. Site #3, Lac Unique, was a 

suprise as there are no obvious toxicant inputs into the water column, 

while site #34 which drains a very heavily industrialized area was an 

expected positive. 
' The last three sites, #36, #37 and #38 (Saint John Harbour), were 

positive in all toxicant screening tests except the SOS Chromotest. 

These sites are also unique in that they produced the highest positive 

responses in the Microtox, Algal ATP, ATP—TOX System and Spirillum 

volutans tests. The §; volutans test was positive in both the neat 

and 10x concentrated samples. As these are marine water sites, the 

positive test response may have been influenced by the salinity of the 

freshwater-saltwater mixture found at these sites.
' 

The SOS Chromotest and Microtox test were the least sensitive 

screening tests with these 10x concentrated water samples. Ihe most 

sensitive test was the ATPeTOX System. However, if both the ATP—TOX 

System and Algal—ATP tests were reported as positive at' EC,°
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concentrations, then it would be found that the Microtox and 

§L_ volutans tests indicated the greatest number of positive toxic 

samples, ll each, while the Algal—ATP and ATP—TOX Systems would 

suggest that 2 and 6 samples contained toxicants, respectively. The 

lack of positive responses with the SOS Chromotest appears to be 

related to batch to batch variations of the testing cells.’ In this 

study the positive control results were significantly lower than 

obtained with previous kit batch numbers. .. 

Using the point scheme developed in Table 2, the ten water 

samples of the greatest potential concern are: 1, Little R. #34; 2, 

Saint John Harbour, outside #38,; 3, Saint John Harbour #36; 4, Saint 

John Harbour at Container Wharf #37; 5, Lac Unique #3; 6, Grand Bay 

(Saint John R.) near Boats Head #33; 7, Saint John R, at St. Bassle 

#9; 8, Madawaska R. below mill #7; 9, Mill Stream at St. Francois—de- 

Madawaska; #2; 10, Grand Bay, Saint John Rt, 1 km from St. John Marina 

#32. 

Examination of the top ten ranking water sampling sites and top 

ten sediment sites revealed that there were four common sites which 

are listed below: 

Sediment Sample Water Sample Sample Site 
Rank Rank . 

4 1 Little R. #34 

3 6 Grand Bay, Saint John R. near 
Boars Head #33 

2 8 Madawaska R. below mill #7 

5 9 St. Francois—de-Madawaska: mill 
stream #2
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Thus based on the rating scheme (Table 2), developed for ranking the 

various microbiological, biochemical and toxicant screening test 

responses to the samples, the four areas of highest concern would be 

sampling sites #34, #33, #7 and #2. 

Use of the "battery of tests" approach in this study reemphasizes 

that individual bacteriological and toxicant screening tests do not 

provide a sufficient data base for realistic management decisions to 

be made on which of the many aquatic environments are of priority 

concern and require immediate or delayed remedial actions. Also from 

this study it would appear that the fecal sterol tests are not 

amenable to a "battery of tests" approach. 

Further refinement of the present "battery of tests" will 

continue with emphasis on acute and chronic tests and techniques to 

assure the compatibility of reported test results. The eventual goal 

will be to select a maximum of three toxicant/mutagen screening tests 

and two microbiological tests as a core group. The ranking scheme 

will be reviewed after each study to ensure the points allocated to 

various response levels continues to reflect country wide conditions. 
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