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There are over 1100 fish processing plants in Canada and the majority of them 

discharge untreated effluents directly to marine or estuarine receiving environments.  

The purpose of this study was to evaluate chemical and toxicological characteristics of 

sediments near fish processing plant effluent discharges to assess potential impacts of 

seafood processing effluents on receiving environments.  Eighteen sediment samples 

were collected near effluent discharges of six seafood processing plant outfalls in New 

Brunswick, Canada in the winter of 2006.  Ammonia levels ranged from <0.2 to 3480 

μg/g, sulphide levels ranged from <0.4 to 6970 μg/g and redox ranged from -255 to 443 

mV.  Only one sample had a Microtox™ Solid-Phase Test IC50 value below 1000 mg/kg 

while  three samples caused greater than 30 % reduction to amphipod survival.  Redox, 

sulphide and ammonia concentrations were all found to be significantly related to both 

Eohaustorius estuarius survival and Microtox™ (Vibrio fischeri) IC50.  An increase in 

sulphide (R2=0.584; 0.750) and ammonia (R2=0.478; 0.552) and a decrease in redox 
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(R2=0.485; 0.651) were associated with an increase in toxicity to E. estuarius and 

Microtox™, respectively.  The highest toxicity to both test organisms, and the most 

contaminated sediments based on physical/chemical characteristics measured, was 

observed in samples from Blacks Harbour. 

 

Introduction 

 

The seafood processing industry is of national economic importance in Canada with 

75% of Canada’s 1100 facilities located in the Atlantic Provinces.  The majority of 

seafood processing plants discharge their effluent directly to marine and estuarine 

receiving environments without municipal wastewater treatment. 

 

Fish plants in Canada are subject to the Fish Processing Operation Liquid Effluent 

Guidelines under the Canada Fisheries Act which recommend: screening the effluents 

for solids removal, well-designed outfall discharging below low tide and  the recovery of 

certain high strength wastes associated with fish meal processing (Environment Canada 

1975). In addition, a few provinces (such as NB and BC) have enacted performance-

based standards for parameters such as BOD, TSS and oil and grease as part of the 

provincial permitting process.  These targets are often dependant on the size of the 

seafood processing plants rather than on environmental risks.   

Historically, the characterisation of fish plant effluent has focussed mainly on a few 

conventional parameters such as biological oxygen demand (BOD), total suspended 

solids (TSS), nitrogen and oil and grease (AMEC 2003, NovaTec 1994).  Those studies 
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indicate that, in general, fish processing effluents contain high levels of BOD, TSS, 

nitrogen and oil and grease.  Four studies (Novatec 1994, Wells and Schneider 1975, 

Wasave and Kulakarni 2004 and Lalonde et al. 2007) have investigated the toxicity of 

fish processing effluent, and those studies indicate that the effluent is toxic to a variety 

of aquatic organisms.  However, Lalonde et al. (2007) also showed that almost a 

quarter of the effluent tested were not toxic. 

 

There are only a few studies on the effects of seafood processing effluent on receiving 

environments.  The focus of these studies is either on the determination of physico-

chemical characteristics of sediments located at the outfall from seafood processing 

plants (Dale and Dawson 1975, Dominator Marine Services 2001) or on the differences 

of fish or benthic invertebrate populations at the outlet of estuaries receiving effluent 

from seafood processing plants, in comparison with non-disturbed estuaries (Dale and 

Dawson 1975, Thériault 2006).  Studies on the potential toxicity of sediment in the 

receiving environment of seafood processing plant effluent and the potential zone of 

impact of those effluents have not previously been published.  The purpose of this study 

was to assess both chemical and toxicological characteristics of sediments to evaluate 

potential impacts of seafood processing effluent to receiving environments. 

 

Methods 

 

Sediment samples were collected from receiving environments of six seafood 

processing plants in March 2006 (Figure 1).   Plants were located in Blacks Harbour, 
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Lamèque, Tracadie, Caraquet, Côte Sainte Anne (Ste Anne) and Cap-Pelé and they 

processed respectively, Atlantic herring, northern shrimp, snow crab, herring roe, 

lobster and lobster (raw).  The 4L sediment samples were collected by scuba divers at 

the effluent outfall of the plants (0m) as well as at 10m and 100m distance from the 

outfalls (along the prevailing current direction) for a total of 18 samples.  The only plant 

in operation at the time of the sediment collection was in Blacks Harbour. 

 

The sediment samples were thoroughly homogenized and subsampled for analysis of 

sulphide, redox potential (Eh), and ammonia by specific ion electrodes (Jackman and 

Doe 2006).   In addition to the analysis of the sediment samples, the level of ammonia 

was measured in the overlying water at the start and end of the amphipod survival 

toxicity test. Two sediments were analysed in duplicate for quality control purposes. 

A calculation was performed to determine the amount of unionized ammonia based on 

the test temperature, salinity, and pH in the water samples (Bower and Bidwell 1978).  

Particle size was determined by Maxxam Analytics Inc based on Walton (1978).  

Sediment samples were acid digested (H2SO4/HNO3/KMNO4) prior to mercury 

concentration determination by cold vapor atomic absorbtion spectrometry.  The 

amphipod (E. estuarius) test procedure was conducted in accordance with the method 

described by Environment Canada (1998a) and the Microtox™ (V. fischeri) solid phase 

assay was conducted according to Environment Canada (2002).  

 

Results 
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Ammonia concentrations ranged from <0.2 to 3480 μg/g, sulphide concentrations 

ranged from <0.4 to 6970 μg/g and redox ranged from -255 to 443mV (Figure 2).  

Samples collected at Blacks Harbour (0, 10 and 100m) and Tracadie (0m) had elevated 

levels of sulphide and ammonia compared to background concentrations found in 

unimpacted sites in New Brunswick and were described as strongly anaerobic 

(Jackman and Doe 2006).  All samples obtained in Cap-Pelé and Ste Anne (except at 

100m) had low levels of ammonia and sulphide and high redox readings.  Mercury 

concentrations in all samples were below the detection limit of 0.06 mg/kg. 

 

Pairwise correlations coefficients and associated Bonferonni probabilities were 

calculated between ammonia, sulphide and redox values.  All three comparisons 

showed statistically significant relationships with correlation coefficients higher than 0.8 

(p<0.05).  The correlation coefficients were negative for the relationships between redox 

and ammonia and/or redox and sulphide and the correlation coefficient was positive 

between sulphide and ammonia. 

 

Figure 2 depicts the high variability in concentrations of ammonia, sulphide and redox in 

receiving environments at different plants and distances to outfall.  Sulphide 

concentrations decreased with increasing distance from the outfall except at Ste Anne 

and Cap-Pelé.  Ammonia concentrations at Ste Anne also increased with increasing 

distance from the effluent outfall.  Redox values at Ste Anne also decreased with 

distance, indicating either potential influence from another source or currents which 

caused greater deposition at 10m and 100m compared with the location of the outfall.  
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Only at Lamèque did we find the expected increase in redox values with an increase in 

distance from the effluent outfall.  Cap-Pelé samples had the lowest sulphide and 

ammonia concentrations and highest redox levels of all sites sampled while Black’s 

Harbour samples had the highest sulphide and ammonia concentrations, and the lowest 

redox values (Figure 2). 

 

Ammonia concentrations in the overlying water at the end of the 10 day toxicity test 

using the amphipods were higher than the levels measured at the start of the test for all 

samples, except the Cap-Pelé samples which remained under the detection limit 

(<0.01mg/L). The highest concentrations and increases in concentrations before and 

after the ten day toxicity tests were measured in the three samples from Blacks Harbour 

as well as for the 0m sample from Tracadie.   

 

Sediments from the three sampling stations (distances) in Blacks Harbour and Tracadie 

had a wide range of mean grain size while the four other locations had similar mean 

grain size at all three sampling stations (distances).  An increase in mean grain size as 

a function of increasing distance from the outfall was detected for the Tracadie location 

only.  Pearson correlation matrixes with associated Bonferonni probabilities were 

calculated between mean grain size and each physical and chemical parameter as well 

as each toxicity result and no statistically significant relationships were detected.  

 

One-way analyses of variances (ANOVAs) were run to describe the relationship 

between either distance (3 levels) or locations (6 levels) and concentrations of sulphide, 
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ammonia and redox values.  Results from the ANOVAs clearly demonstrate that 

sulphide, ammonia and, redox were significantly different at different locations (p values 

ranged from <0.001 to 0.07) however no statistically significant differences were 

detected with distance (p values ranged from 0.877 to 0.952). 

 

Amphipod % survival ranged from 0 to 100% (Figure 3). In Canada, Ocean Disposal 

Guidelines state that a test will be deemed as “fail” (toxic) if the mean 10 day survival is 

more than 30 percent lower than that in the control sediment and if this difference is 

statistically significant (Environment Canada 1998b).  Of the eighteen samples 

collected, 15 were not considered toxic to the amphipod using Ocean Disposal 

Guidelines (Jackman and Doe 2006).  All three samples which were considered toxic 

were collected in Black’s Harbour (Figure 3).  There were no amphipod survivors in all 

three samples (with five replicates per sample) from Blacks Harbour.   At all other 

locations, all samples decreased in toxicity from 0m to 10m and by 100m all of them 

increased in toxicity again (Figure 3). 

 

Microtox™ IC50 ranged from 659 to > 157 000 mg/L (Figure 3).  In Canada,  Ocean 

Disposal Guidelines state that a test will be deemed as “fail” (toxic) if the concentration 

of sample that is estimated to cause 50% inhibition of light production by the bacteria 

after 10 minutes of exposure is less than 1000 mg/L (Environment Canada 1998b).    Of 

the eighteen samples collected, only one was considered toxic according to Ocean 

Disposal Guidelines while another sample was very close to the trigger concentration of 

1000 mg/L.  Both of those samples were collected in Blacks Harbour (Figure 3).  
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Sediment samples collected in Lamèque and Caraquet decreased in toxicity to 

Microtox™ with increasing distance from the outfalls of those seafood processing plants 

(Figure 3).  All samples from Cap-Pelé had IC50 larger than 140 000 mg/L while the 

lowest IC50 (most toxic) in samples from Ste Anne was obtained at 100 m distance of 

the outfall (Figure 3). 

 

One-way ANOVAs were run to describe the relationship between either distance (3 

levels) or locations (6 levels) and toxicity results.  Results clearly demonstrated that 

location (p=0.000-0.004) but not distance (p=0.727-0.761) from the outfall had a 

statistically significant effect on toxicity on amphipods and Microtox™ respectively.    

 

Simple regressions between Microtox IC50 or amphipod (%) survival and the physical 

and chemical parameters yielded six statistically significant relationships (Table 1).  

Regression coefficients for the independent variables were negative for ammonia and 

sulphide, indicating an increase in toxicity with increasing ammonia or sulphide 

concentrations.  Regression coefficients for redox were positive (Table 1), indicating a 

decrease in mortality with increasing redox values.  For both toxicity tests, the 

regressions using sulphide as the independent variable had the highest R2 value while 

regressions with ammonia for independent variable regressions had the lowest R2 

(Table 1).  This demonstrated that sulphide concentrations explained the highest 

proportion of the variability of the dataset and also that there were other factors which 

contributed to the toxicity since a proportion of the variability of the dataset remained 

unaccounted for. 
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Simple regression between amphipod survival and ammonia concentration in water 

overlying the test sediment at the end of the toxicity test was also statistically significant 

(p<0.001) with a R2=0.557.  This indicates that unionized ammonia concentration in 

water overlying the test sediment was a significant contributor in explaining the 

variability in amphipod survival but there were other unknown factors involved.  The 

regression coefficients and R2 were very similar to those of the regression between the 

amphipod toxicity test and the concentration of ammonia in the sediment (Table 1). 

 

Discussion 

 

Fish plant effluents are usually characterized by high BOD, nutrients, suspended solids 

and oil and grease (AMEC 2003, NovaTec 1994).  In general, environments which 

receive high amounts of nutrients (such as phosphorous and nitrogen) from effluents 

may experience an increase in the rate of primary productivity and this may contribute 

to local eutrophication.  Eutrophication has been shown to cause major changes in 

species composition, structure and function of marine communities over large areas 

(Cloern 2001).  Furthermore, when the sediment’s capacity to assimilate organic inputs 

is exceeded and the sediment becomes anoxic, the sediment biogeochemistry will be 

altered towards a system dominated by anaerobic forms of metabolism and toxic 

degradation products (hydrogen sulphide and ammonia) which can be released into the 

environment and affect aquatic ecosystem health (Gowen et al. 1988; Holmer and 

Kristensen 1992).  High levels of ammonia or sulphide in sediment have shown adverse 

effects in laboratory tests and a poorly developed benthic community in the field (Ankley 
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et al. 1990).  However, both ammonia and sulphide are non-persistent chemicals which 

can be readily transformed into non toxic nitrate and sulphate when in contact with 

aerated seawater (Stronkhorst et al. 2003).  Modig and Olafasson  (2001) state that as 

long as oxygen in the overlying water of the sediment is kept high, amphipods seem to 

avoid the high concentrations of sulphide in sediment by creating microhabitats 

(bioturbate the sediment) where sulphide is rapidly oxidized.  They hypothesize that the 

amphipods can detect these areas where sulphide has been oxidized which leads to an 

aggregation in this area.    

 

The six fish processing plants sampled in this study have been found to discharge 

effluents high in nutrients (Morry et al. 2006) which could be expected to contribute to 

eutrophication of the receiving environment over the long term.  In fact, results indicated 

that sediment in the vicinity of most plants (except for the plant in Cap-Pelé) exhibited 

higher concentration of sulphide than are found in two other bays of New Brunswick 

(Bastien-Daigle et al. 2007).  In the Bastien-Daigle et al. (2007) study, the authors 

measured average concentration of sulphide in two bays of New Brunswick as 159 to 

314 μm and these bays were not subjected to fish farms nutrient input.  In comparison, 

our study sites (except Cap-Pelé) had concentrations ranging from 552 to 20 800 uM 

(μg/g converted to μM).  In comparison, bays located in the southwest region of New 

Brunswick and which are subjected to fish farms organic enrichment have been shown 

to have sulphide concentrations in the range of 4240 to 21600 μm (Wildish et al. 2001).  

The concentrations measured in some of our sample sites are very similar to those 

levels detected in the Wildish et al. (2001) indicating hypoxic and anoxic conditions of 
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the sediments which were likely due to the fish plant effluent discharge. 

 

In the Maritime Region benthic conditions below salmonid aquaculture sites using redox 

and sulphide performance-based standards (PBS) have been developed by Wildish et 

al.  (2001).   Using both parameters (sulphide and redox) of the PBS, 11 of the sediment 

samples are considered oxic, while additional 3 samples are considered only oxic in the 

redox parameter while the sulphide parameter designates them as hypoxic.   One 

sample is considered hypoxic/anoxic while two samples are designated completely 

anoxic (Blacks Harbour 0 and 10m).  The results from this study suggest that the 

performance based standards might be useful as a surrogate to sediment toxicity for 

fish plant discharges testing as only the three samples from Black’s Harbour showed 

high toxicity to both amphipod and Microtox and all three were described as 

hypoxic/anoxic and anoxic by the PBS.   

 

Some of the data indicated greater contamination at sites 10m or 100m from effluent 

discharges points then at 0m.  Other sources of nutrient enrichment were sought in an 

effort to explain the higher levels of contamination, however no other significant 

discharges in the study areas were found.  It is possible that the effluent solids could be 

deposited some distance from the source, due to tidal influence, current patterns, 

salinity or thermal variations.  These factors have been considered very important in 

study designs for environmental effects monitoring of discharges to marine 

environments from mining and pulp and paper mills in Canada (Environment Canada 

2005).  Previous studies have also shown the importance of oceanographic 
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characteristics (current, tidal amplitude, temperature, etc.) as important predictors of 

impacts to the receiving environment from effluents (Commons et al. 1996, Purnama 

and Kay 1999).  Receiving environments which receive nutrient rich discharges and 

which are partially enclosed or have poor flushing rates have been shown to retain 

greater concentrations of nutrients than dynamic systems (Brodie 1995).  This is 

probably the cause of the high amounts of sulphide and ammonia in Blacks Harbour 

which, although it has high tidal amplitude (over 7m registered in nearby Back Bay), has 

an outfall at the end of a narrow channel which might not have a high flushing rate.  A 

breakwater in place in close proximity to the outfall in Ste Anne may have caused the 

effluent to settle at the 10 and 100m sampling locations.  Mironova and Murajova (2007) 

found that the presence of a breakwater located close to the outlet of a sewage 

discharge caused settling of organic matter from the discharge. 

 

The species processed or type of processing performed at the plants might also 

influence the degree of environmental degradation caused by fish processing effluent 

releases.  Lalonde et al. (2007) showed significant differences in nutrient loads from 

plants processing different species or even processing the same species but with a 

different processing technique.   The effect of species processed on nutrient loading 

and sediment eutrophication or toxicity could not be measured in this study since most 

plants processed different species.  The effect of processing type on sediment toxicity is 

apparent in the differences in sediment toxicity measured at Cap-Pelé (raw lobster), 

compared with Ste Anne (cooked lobster).  Sediments from Ste Anne were higher in 

toxicity, indicating that processing type could influence sediment quality.  This is 
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supported by evidence from Lalonde et al. (2007), which described significant 

differences in effluent quality from one processing stream to another.  However other 

factors such as tides, current patterns and salinity and temperature variations between 

the two locations might also explain some of the differences detected in this study.   

 

Of all the samples tested for toxicity, only samples from Blacks Harbour were 

considered toxic according to the Canadian Ocean Disposal Guidelines (Figure 3).  

However only  Blacks Harbour was sampled while the plant was in operation.  The other 

five processing plants are seasonal and were not processing at the time of the year 

when sampling occurred.   Toxicity of sediments at those plants which are closed for the 

season could be expected to be higher during times of peak operation.    

The simple regressions between physical and chemical parameters and sediment 

toxicity (Table 1) revealed weak but statistically significant relationships,  suggesting 

that at least some of the toxicity is the result of nutrient loading in the receiving 

environment.  However the moderate R2 values suggest that there may be more factors 

that might have contributed to the toxicity such as chemical constituents not measured 

in this study.  For example, persistent anthropogenic contaminants (PCBs, PBDEs, 

mercury, organochlorine pesticides) previously detected in the receiving environment of 

fish plants (Ernst et al. 1982, Lalonde et al. 2007, Carawan et al. 1979).  Other 

chemicals, which are known to compose part of fish plant processing effluent, such as 

cleaners, degreasers, disinfectants and sanitizers. (Lalonde et al. 2007) could contribute 

to the toxicity as well.  From the regression/ANOVA analysis conducted, sulphide 

appeared to be the strongest predictor of toxicity to E. estuarius and Microtox™.  This 
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relationship is supported by Moller et al. (1994) and Wang and Chapman (1999) who 

respectively reported significant relationships between Microtox™, invertebrates  and 

sulphide levels in sediment.   

 

The relationship between ammonia concentration in sediment and toxicity had the 

lowest R2 but still was statistically significant in our study.   In contrast, a study by 

Anderson et al. (1998) found no statistically significant relationships between survival of 

the amphipod R. abronius and concentrations of ammonia in sediment, although the 

authors concluded that mortality in samples with ammonia concentrations greater than 4 

μg/g (3% of their samples) could have been due to ammonia.  Thirteen of the eighteen 

sediment samples in our study had ammonia levels above 5 μg/g.   Interestingly our 

results show some conflicting responses of amphipod survival as a function of ammonia 

concentrations since the samples taken at Black’s Harbour at 100 m distance had levels 

of ammonia from 68.2 to 71.9 μg/g and 0% survival while the sample from Tracadie (at 

0m) had levels of ammonia of 139 μg/g and an 80% amphipod survival rate.  These 

kinds of results are reflected in the R2 from the regression output which shows that a 

good proportion of the variability of amphipod survival is not explained by ammonia 

concentration.  Jackman and Doe (2006) calculated an LC50 of 12.6 μg/g for ammonia-

N in sediment for E. estuarius.   These results are not fully corroborated by our dataset 

since there are a few samples which had concentrations of ammonia in sediment higher 

than the LC50 value calculated by Jackman and Doe  (2006) but the survival rate for 

amphipods was well above 50% (Tracadie at 0m with an ammonia concentration of 

139.9 μg/g and a survival rate of 80%). 
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Un-ionized ammonia concentration of the overlying water measured at the start and end  

of the ten day toxicity test was found to correlate negatively with amphipod survival.  

However only one sample in this study (from Blacks Harbour) exceeded published LC50 

concentration for porewater unionized ammonia which had a range of 0.7-3.48 mg/L 

(Moore et al. 1997, Kohn et al. 1994).  All others samples in this study had overlying 

water un-ionized ammonia concentrations which were less than 0.5 mg/L.    Jackman 

and Doe (2006) calculated an LC50 of 2.2 mg/L for undissociated ammonia in overlying 

water, for E. estuarius.  The maximum concentration for undissociated ammonia in this 

study was 2.52 mg/L in a sample from Blacks Harbour which also had 100% mortality to 

the amphipod.  The two other samples from Blacks Harbour had undissociated 

ammonia concentrations at the end of the amphipod toxicity test of 0.4 mg/L as well as 

100% mortality to the amphipod.  These results again support the conclusion that there 

are other factors (such as sulphides) which contribute to the toxicity of sediments near 

fish plant effluent discharges.  Carr et al. (1996) stated that if significant correlations exist 

between ammonia, sulphide, and bioassays endpoints, but the concentrations of these 

factors rarely equalled or exceeded the concentrations expected to cause toxicity 

according to established sediment quality guidelines, it would be reasonable to conclude 

that other factors are contributing to the toxicity.  

 

This study has established the relationships between effluent discharge from fish 

processing plants and the resulting toxicity of sediment in the receiving environments at 

six New Brunswick locations.  To enhance the dataset, a benthic invertebrate population 
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and community survey should also take place at those locations to establish the impacts 

of those sediments to the organisms living in-situ.    Furthermore, sediment toxicity 

testing should be expanded to survey other facilities which process different species as 

well as to ensure that sampling is carried out during peak processing season. 

 

References 

 

AMEC (2003) Management of wastes from fish processing operations.  Report 

submitted to National Programme of Action Atlantic Regional Team.  

 

Anderson BS, Hunt JW, Phillips BM, Tudor S, Fairey R, Newman J, Puckett HM, 

Stephenson M, Long ER, Tjeerdema RS  (1998)  Comparison of marine sediment 

toxicity test protocols for the amphipod Rhepoxynius abronius and the polychaete worm 

Nereeis (Neanthes) arenaceodentata.  Environ Toxicol Chem  17(5):859-866 

 

Ankley GT, Katlo A, Arthur J (1990) Identification of ammonia as an important sediment-

associated toxicant in the Low Fox River and Green Bay, Wisconsin.  Environ Toxicol 

Chem  9:312-322   

 

Bastien-Daigle S, Hardy M, Robichaud G  (2007)  Habitat management qualitative risk 

assessment: water column oyster aquaculture in New Brunswick.  Can Tech R Fish 

Aquat Sci  2728 

 



 17 

Bliss CI (1937)  The transformation of percentages for use in the analysis of variance.  

Plant Protection 12 

 

Bower CE, Bidwell JP (1978) Ionization of Ammonia in Seawater: Effects of 

Temperature, pH, and Salinity. J Fish Res Board Can 35:1012-1016 

 

Brodie J (1995)  The problem of nutrients and eutrophication in the Australian marine 

environment.  In: Zann LP, Sutton D (eds) State of the marine environment report for 

Australia: Pollution – Technical Annex 2. Great Barrier Reef Marine Park Authority, 

Townsville, Australia, p1-93 

 

Carawan RE, Chamber JV, Zall RR, Wilkowske R (1979)  Spinoff on seafood water and 

wastewater management. Extension Special Report No. AM-18F.  North Carolina State 

University, Cornell University and Perdue University and Science and Education 

Administration-Extension, USDA Washington D.C. 

 

Carr RS, Long ER, Chapman DC, Thursby G, Beidenbach JM, Windom HL, Sloane G, 

Wolfe DA.  (1996)  Toxicity assessment studies of contaminated sediment in Tampa 

Bay, Florida. Environ Toxicol Chem 15:1218-1231 

 

Castro H, Ramalheira F, Quintino V, Rodrigues AM  (2006)  Amphipod acute and 

chronic sediment toxicity assessment in estuarine environmental monitoring: an 

example from Ria de Aveiro.  NW Portugal.  Mar Poll Bull  53:91-99 



 18 

 

Cloern JE (2001) Our evolving conceptual model of the coastal eutrophication problem.  

Mar Ecol Prog Ser  210:223-253 

 

Commons DN, Proni JR, Fergen RE (1996)  Coastal oceanographic characteristics and 

their impact on marine effluent biotoxicity studies during the SEFLOE II project.  Environ 

Toxicol Risk Assessment: Fourth Volume. 289-301 

 

Dale NG, Dawson AL (1975)  Characteristics of fish plant wastes in Nova Scotia and 

their effects on coastal bays. V; Nearshore effects.  EPS-8-AR-75-6 

 

Dominator Marine Services Inc. (2001) Letter to Greg Shanks, New Brunswick 

Department of Environment and Local Government regarding Seafloor Survey of 

Lamèque Bay, NB 

 

Environment Canada (1975)  Fish Processing Operations Liquid Effluent Guidelines.  

Regulations, Codes and protocols.  Report EPS 1-WP-75-1 

 

Environment Canada (1996) 1996 National Compendium Monitoring at Ocean Disposal 

Sites. Environment Canada, Ottawa, Ontario, 1996. 

 

Environment Canada (1998a) Reference Method for Determining Acute Lethality of 

Sediment to Marine or Estuarine Amphipods. Report EPS 1/RM/35. Environment 



 19 

Canada, Ottawa, Ontario 

 

Environment Canada. (1998b) National Guidelines for Monitoring Dredged and 

Excavated Material at Ocean Disposal Sites.  Marine Environment Division.  

 

Environment Canada (2002) Biological Test Method:  Reference Method for 

Determining the Toxicity of Sediment Using Luminescent Bacteria in a Solid-Phase 

Test. Report EPS 1/RM/42. Environment Canada, Ottawa, Ontario 

 

Environment Canada (2005)  Pulp and paper EEM technical guidance document. Study 

design. Chapter 2 

 

Ernst B, Hawkins V, Tay KL (1982)  Investigation of the cause and extent of PCB 

contamination of Petit-de-Grat Harbour, NS.  Environment Canada. EPS-5-AR-82-2 

 

Gowen RJ, Brown JR, Bradbury NB, and DS McLusky (1988)  Investigations into 

benthic enrichment, hyper-nutrification and eutrophication associated with mariculture in 

Scottish coastal waters (1984-1988).  Dept. of Biological Sciences.  University of 

Sterling, 289pp 

 

Gray JS, Aschan M, Carr MR, Clarke KR, Green RH, Pearson TH, Rosenberg R,  

Warwick RM (1988) Analysis of community attributes of the benthic macrofauna of 



 20 

Frierfjord/Langesundfjord and in a mesocosm experiment. Mar Ecol Prog Ser 46:171-

180 

 

Holmer M, Kristensen E (1992) Impact of marine fish farming on metabolism and 

sulphate reduction of underlying sediments. Mar Ecol Prog Ser 80:191-201 

 

Islam MS, Tanaka M (2004) Impacts of pollution on coastal and marine ecosystems 

including coastal and marine fisheries and approach for management: a review and 

synthesis. Mar Poll Bull  48(7-8):624-649 

 

Jackman P,   Doe K (2006)  Results of Toxicological Testing of Sediment Samples 

Collected from the Vicinities of Fish Plants.  Environment Canada, Toxicology 

Laboratory. Moncton, NB. 

 

Jacobs MW, Delfino JJ, Bitton G  (1992)  The toxicity of sulfur to Microtox from 

acetonitrile extracts of contaminated sediments. Environ Toxicol Chem  11:1137-1143 

 

Jamielson L Gagnon G (2005)  Sediment Remediation Options for Lamèque Bay, NB. 

Center for Water Resources Studies. Dalhousie University. 

 

Kohn NP, Word JQ, Niyogi DK, Ross LT, Dillon T, Moore DW (1994) Acute Toxicity of 

Ammonia to Four Species of Marine Amphipod. Mar Environ Res 38(1):1-15 

 



 21 

Lacey R, Watzin MC, McIntosh AW (1999) Sediment organic matter content as a 

confounding factor in toxicity tests with Chironomus tentans.  Environ Toxicol Chem.  

18(2):231-236 

 

Lalonde BA, Garron CA, Ernst W (2007)   Characterization and Toxicity Testing of Fish 

Processing Plant Effluent in Canada.  Surveillance Report.  EPS-5-AR-07-03 

 

Mironova TO, Muravjova IP (2007) The organic matter of silt aggregates on the 

breakwaters in the Bays of Sevastopol, Black Sea.  J. Black Sea/Mediterranean Environ 

13:139-146 

 

Modig H, Olafsson E (2001)  Survival and bioturbation of the amphipod Monoporeia 

affinis in sulphide-rich sediments.  Mar Biol  138:87-92 

 

Moller A, Murphy T, Thachuk J, Brouwer H  (1994)  Proceedings of the twentieth 

Aquatic Toxicity Workshop, Oct 17-21, 1993. Québec 

 

Moore DW, Bridges TS, Gray BR, Duke BM  (1997)  Risk of ammonia toxicity during 

sediment bioassays with the estuarine amphipod Leptocheirus plumulosus. Environ 

Toxicol Chem  16(5):1020-1027 

 

Morry CJ, Brideau A, Chadwick MP, Giddens D, Lindsay G, Mallet P. Woyewoda A  

(2006) Practical best management practices for reduction of effluent from seafood 



 22 

processing in Canada: results of research to develop BMP methods designed to control 

effluents and to conserve water, raw material and energy in the seafood processing 

industry.  Canadian Industry Report of Fisheries and Aquatic Sciences. No.277 

 

NovaTec Consultants Inc. and EVS Environment Consultants.  1994. Wastewater 

characterisation of fish processing plant effluents – A report to water quality/ waste 

management committee, Fraser River Management Committee 

Plante F. 2006. Observations on annual variability and geographic distribution of 

organic enrichment in sediments of Lamèque Harbour, NB.  Department of Fisheries 

and Oceans Canada.  http://www.npapan.ca/en/publications/atlantic_2nd_report/ 

 

Purnama A, Kay A (1999)  Effluent discharge into tidal waters: optimal or economic 

strategy.  Environmentrics  10(5):601-624   

 

Roy Consultants Ltd, NATECH Environmental Services, OCL Group Management 

Consultants (2002) Lamèque Bay Environmental Management Study (Draft Report) 

 

Singer MJ, Munns D (1996) Soils. Prentice-Hall Inc, Upper Saddle River, NJ 

 

Stephan CE  (1977)   Methods for calculating an LC50  In: Mayer FL, Hamelink JL 

(eds.) Aquatic Toxicology and Hazard Evaluation.  American Society for Testing and 

Materials.  Philadelphia, P.A.  p65-84  

Stronkhorst J, Schot ME, Dubbledam MC, Ho KT  (2003)  A toxicity identification 



 23 

evaluation of silty marine harbour sediments to characterize persistent and non-

persistent constituents.  Mar Poll Bull  46:56-64 

 

Tay KL, Doe KG MacDonald AJ, Lee K (1998) The influence of particle size, ammonia, 

and sulfide on toxicity of dredged materials for ocean disposal. In: Wells PG, Lee K, Blaise 

C Gauthier J (eds) Microscale Testing in Aquatic Toxicology:  Advances, Techniques, 

Practice.  CRC Press. Boca Raton, Florida, p559-574 

 

Thériault MH (2006)  Les effets des effluents d’usines de transformation des produits 

marins sur la communauté de poissons côtiers et sur deux espèces sentinelles dans le 

sud du golfe du St-Laurent.  Thèse présentée à la faculté des études supérieures et de 

la recherche en vue de l’obtention de la Maîtrise ès Sciences en Biologie.  Université de 

Moncton 

 

Walton A (1978) Methods for sampling and analysis of marine sediments and dredged 

materials. Ocean Dumping Report 1. Department of Fisheries and the Environment. 

Ottawa. Ontario. Canada 

 

Wang . Chapman PM (1999)  Biological implications of sulfide in sediments – a review 

focusing on sediment toxicity.  Env. Toxicol. Chem..  18(11): 2526-2532. 

 

Wasave SM, Kulakarni GN (2004)  Surimi wastewater characteristics and its toxicity to 

the fingerlings of Tilapia, Oreochromis mossambicus.  Poll Res  22(2):125-130 



 24 

 

Wells PG, Schneider JR (1975) Characteristics of fish plant wastes in Nova Scotia and 

their effects on coastal bays III:Toxicity Studies. Environment Canada.  EPS-8-AR-75-4 

 

Wildish DJ, Hargrave BT, Pohle G. 2001.  Cost-effective monitoring of organic 

enrichment resulting from salmon mariculture.  ICES J Mar Sci  58:469-476 



 25 

Table 1 - Simple regressions between toxicity results and physical and chemical 

parameters. 

Dependent  Independent  N Coefficient F ratio p R2 

Log10(Microtox IC50) Log(NH3) 18 -0.551 19.710 0.000 0.552 

Log10(Microtox IC50) Log(sulphide) 18 -0.580 48.110 0.000 0.750 

Log10(Microtox IC50) redox 18 0.003 29.851 0.000 0.651 

Arcsin(Amphipod%survival) Log(NH3) 18 -19.151 14.679 0.001 0.478 

Arcsin(Amphipod%survival) Log(sulphide) 18 -19.092 22.429 0.000 0.584 

Arcsin(Amphipod%survival) redox 18 0.024 15.046 0.001 0.485 

 

Table 1 depicts the results from the regression analysis between the toxicity tests 

results as the dependent variable and the physical and chemical parameters of the 

sediment as independent variables. 
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Figure Captions 

 

Figure 1.  Map of New Brunswick (Canada) showing sediment sampling locations 

(●)  

Figure 1 shows the locations of the sediment sampling stations in the vicinity of fish 

processing plants in New Brunswick, Canada. 

 

Figure 2. Relationships between sediment sampling locations and distances as a 

function of ammonia, sulphide and redox. 

Figure 2 depicts the concentrations of ammonia, sulphide and redox levels in sediments 

collected in six different locations and three different distances (0, 10 and 100m) of fish 

processing plants in New Brunswick, Canada. 

 

Figure 3. Toxicity testing results as a function of distance from effluent discharge 

at 6 seafood processing plant locations 

Figure 3 represents the toxicity tests results (on Microtox™ and amphipods) based on 

sediments collected in six different locations and three different distances (0, 10 and 

100m) of fish processing plants in New Brunswick, Canada. 
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Figure 1. Map of New Brunswick (Canada) showing sediment sampling locations 

(●)  
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Figure 2 - Relationships between sediment sampling locations and distances as a  

 

function of ammonia, sulphide and redox. 
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Figure 3 – Toxicity testing results as a function of distance from effluent 

discharge at 6 seafood processing plant locations 


