Two hundred years of ecosystem and food web changes in the Quoddy Region, outer Bay of Fundy

Chapter 3
A H is to ry o f Co ntaminants in the Q u o d d y R eg io n:
S o u rc es and P o tential Impac ts
Ink a M ilew s k i
“Where there is in d u s try , a g ric u ltu re, silv ic u ltu re, la n d fills a n d hu m a n a c tiv ity , there ex ist the p o ten tia l
fo r im p a c t to the en v iro n m en t.” O’N eil 1 9 8 8 , E nvironment C anada

3.1 Intro d u c tio n
he previous chapter illustrates the historical changes to the ecosystem and food web of the
Quoddy Region as a conseq uence of human activity. In this chapter, I attempt to add the
dimension of contaminants to the analysis. Initially, our goal was to link the impacts of the
entire range of human activities, including contaminants, to changes in the ecosystem and food web of
the region. Incorporating the ecological impacts associated with exposure of animals to contaminants
and subseq uent changes in population size and abundance, and ultimately to the food web, proved to
be ambitious and, for the time being, impossible.
One key reason is a general lack of data, in particular long-term monitoring data, for the Quoddy
Region. Unlike fisheries statistics where information on historic catch, abundance and distribution are
more readily available, long-term monitoring data on the type, amounts and distribution of contaminants
discharged from point and non-point sources are largely unavailable. This type of information is
necessary in order to examine the link between exposure to a particular contaminant and changes in the
health or abundance of a population or species.
Moreover, demonstrating simple cause-and-effect links between exposure to a contaminant and
population-wide effects is difficult to do (C olburn et al. 1 9 9 6 ; Johnston et al. 1 9 9 6 ; P arrett 1 9 9 8 ; Luoma
1 9 9 9 ). Since natural populations can exhibit large year-to-year fluctuations in recruitment, it is difficult
to isolate natural changes in population abundance from pollution effects. In addition, species are often
exposed to a complex mixture of contaminants and there is little testing done that examines the impact
of a combination of chemicals on an organism. It has been estimated that 6 0 ,0 0 0 organic chemicals
alone are in current use worldwide and many of these chemicals reach estuarine and coastal water via
rivers (Matthiessen et al. 1 9 9 3 ).
In the absence of absolute and direct proof of harm from a chemical or complex of chemicals
that are toxic, persistent and bioaccumulative, regulatory and policy decisions concerning the release of
chemicals into the environment are very slow to come. It is well known, however, that the marine
environment is a major sink for many contaminants. Furthermore, there is a great deal of evidence that
many of these contaminants can have sub-lethal effects and act as mutagens (causing genetic mutation),
teratogens (causing embryo abnormalities), carcinogens (causing cancer) or endocrine disruptors
(interfering with hormonal function) at very low levels of exposure. Some researchers are calling for a
shift from the scientific ideal of irrefutable proof, more suited to controlled laboratory experiments, to
“the weight of evidence” approach which involves pragmatic judgements based on accumulated
evidence and common-sense inferences (C olburn et al.1 9 9 6 ).
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The following review examines some of the contaminants associated with major development
activities in the Quoddy Region over the past 200 years. Since not all contaminants found in this region
are the result of direct discharges from an identifiable point source, this review also looks at contaminants
found in sediments, water and/or organisms that are likely the result of atmospheric deposition, run-off
or other non-point sources. The list of contaminants reviewed is by no means complete. It has been
estimated that 100,000-500,000 chemicals are now in regular industrial use and most have the potential
to enter the marine environment through a variety of sources (Parrett 1998). For the purpose of this
report, a contaminant is defined as the introduction of any foreign, undesirable physical, chemical, or
biological substance into the environment (Environment Canada 1991) and could include anything from
sawdust to nutrients, suspended solids, pesticides and industrial chemicals.
T ab le 3.1 U nits of measure for contaminants.
U nits of Measure
Parts per million = PPM = mg/kg = µ g/g
Parts per billion = PPB = µ g/kg = ng/g
Parts per trillion = PPT = ng/kg = pg/g
m=

milli

=

10-3

µ =

micro =

10-6

n =

nano =

10-9

p =

pico

10-12

=

Fig. 3.1. Circulation patterns in the inner and
outer Q uoddy R egion. N ote the gyre in the
centre of P assamaq uoddy B ay. (A dapted from
G . G odin (1 9 6 8 ), N atural R esources Canada;
N eal P ettigrew (1 9 9 6 ), U niversity of M aine, J.
R . Chevries and R . W. T rites (1 9 6 0 ), Journal of
F ish R es. B oard of Canada.)

3.2 O ceanographic features

Fresh water discharges, currents and water
circulation patterns are key parameters in characterizing the
presence and concentrations of contaminants in a marine
system. In the Quoddy Region, a chain of islands across the
mouth of Passamaquoddy Bay effectively creates a “sea
within a sea”. Three main rivers, St. Croix, Digdequash and Magaguadavic, and many smaller rivers and
streams discharge into Passamaquoddy Bay. Outflow from Passamaquoddy Bay is primarily through the
Western Passage and to a lesser extent the L’Etete Passage. K etchum and K een (1953) estimated the
flushing time for the St. Croix Estuary at eight days, and that an additional 16 days were required for the
exchange of water in Passamaquoddy Bay with the Bay of Fundy. The flushing time for the Bay of Fundy
has been estimated at 76 days (K etchum and K een 1953).
Within Passamaquoddy Bay, the surface currents move in a counterclockwise direction creating
a gyre or retention area in the centre of the Bay (Bailey 1957; Trites and Garrett 1983). Despite strong
tidal currents, thermal stratification does take place in Passamaquoddy Bay (Robinson et al. 1996). The
Bay is relatively shallow (an average depth of 27-30 m) and is identified as a depositional area (Loring
et al. 1998). In depositional areas, suspended material is more likely to form into large fast sinking
aggregates which quickly settle to the bottom where little or no resuspension occurs after deposition
(Loring et al. 1998). A s for the outer Quoddy region, there is a weak clockwise gyre centered around
the Wolves (Figure 3.1).
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3.3 Contaminants: Sources and potential effects
As with other human impacts, the history of contaminants in the Quoddy Region follows the
history of settlement and industrial development. Numerous publications have documented the history
of human settlement, communities development and industrial activity in the area. An extensive
bibliography of these publications can be found in H arold Davis’s (1974) comprehensive history (from
1604 to 1930) of the Canadian and American communities that straddle the St. Croix River and estuary.
Beginning in the late 1700's, the rivers, estuaries and marine waters of this area were used to
transport logs, harvest fish and power sawmills. As the population of the region increased and other
industries developed, they were used as waste dumps for a wide range of activities including logging
operations, sawmills, fish processing plants, private septic systems, municipal sewage plants, pulp mills,
and, more recently, aquaculture operations. The nature of these contaminants and their potential
impacts on the Quoddy region are examined in the following sections.

3.3.1 W ood W astes
During the peak years (1852-1876) of the lumber industry in the Quoddy Region, over 200
million board feet of lumber a year were being exported from the area (Davis 1974), primarily from
communities along the St. Croix River and estuary. In order to achieve this level of production, millions
of logs were floated down the river to dozens of sawmills each year. While the lumbering history along
the St. Croix River is the most well documented, sawmills were operating on every stream and river
running into Passamaquoddy Bay including the Chamcook Stream and Waweig, Bocabec, Digdeguash
and Magaduadavic Rivers (Table 3.2).

Table 3.2 Brief history of lumb er and sawmill activities along the S t. Croix River. D ata from D avis 197 4 .
Time (A.D .)

Activ ity

1771
1779
1784
1819
1827
1840
1851

First lumber, primarily Jack pine, exported from Milltown, NB (now amalgamated with St.. Stephen)
Wood harvesting is wide-scale in the region
8 sawmills on the St. Croix
47 sawmills on the St. Croix system
17 sawmills in Calais, Maine alone
H arvesting shifts to spruce as Jack pine is depleted
Regulation in Maine and New Brunswick prohibiting the dumping of sawdust and mill refuse into rivers
but not enforced until 1880s
Major economic depression hits North America and very little lumber is cut
Economy recovers and cutting resumes
Exports peak at approximately 220 million board feet per year
Lumber industry begins to decline as large wood is scarce, mills begin to close
Pulpwood and pulp mill operations begin
Several small mills still operating in the area

1857
1860
1872
1900
1906
2001

H istoric accounts indicate the practice of dumping sawdust and sawmill waste into rivers and
associated streams was very common and widespread. While it is impossible to estimate how much
wood waste was deposited into the St. Croix River, a 1896 report of the Joint Commission on the St.
Croix River gives some indication of the magnitude of the problem. According to the report, “rubbish”
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from sawmills had caused “a general filling of the river bed from near the head of tide to the
neighbourhood of the Ledge, a distance of about four and a half miles” and was affecting navigation and
the fisheries (Joint Commission 1896). Steamers, which at low tide in the 1860's had no difficulty making
their way up the St. Croix River to Calais and St. Stephen, were running aground in 1890's. An 1873
hydrographic study by the Engineer Corps of the United States Army found that the channel between
the Ledge and the Calais-St. Stephen Bridge was reduced by a volume of 1,089,285 cubic yards
(approximately 20 percent) as a result of wood waste deposition (Joint Commission 1896).
In 1871, the State of Maine passed a law prohibiting the disposal of sawmill waste (e.g., sawdust,
edgings, slabs, bark, shingles, planer shavings, etc.) into the St. Croix River. The law was largely ignored
until 1883 when the mill owners, acting in their self-interest, agreed that only sawdust would dumped
into the river. It seemed that the larger wood wastes were clogging the flow of water through the dams
along the river. Restrictions on wood waste disposal did have a positive impact on the river. A
subsequent study by the Fish Commission in 1894 found that volume of the river channel had increased
by 1,258,259 cubic yards. As for the impacts of these practice on the fisheries, the 1896 Joint
Commission report stated:
“..we have been forced to the conclusion that the continued disposition
through the agency of the river of even the saw-dust alone is detrimental
to the interests of both navigation and the fisheries. While the former
suffers through the changes produced in the configuration of the bottom,
we are not prepared to say whether the deposits of saw-dust in tidal
waters actually interferes with the movements of the anadromous fishes
or not. Their spawning grounds naturally lie above the influence of salt
water, and their impulse is simply to pass through this portion of the
river. By its polluting influence, however, the saw-dust certainly affects
their welfare adversely. On both tides the water is more or less heavily
charged with the fine particles of suspended woody fibre, which, in
accordance with the degree of their saturation, are scattered through the
different levels from top to bottom. The appearance of the stream is
sufficient to indicate its uninviting condition, even had the pernicious
effect of this character of pollution not previously been studied and
demonstrated by others.”
Today our knowledge of the environmental impacts of wood wastes is more extensive. Wood
wastes from sawmills, land clearing, timber harvesting and log storage that are deposited into or adjacent
to marine or freshwater fish habitat can result in the physical alteration, disruption or destruction of the
habitat. Bark and sawdust can physically displace or asphyxiate fish eggs in spawning grounds and
juveniles in nursery areas. Bottom-dwelling invertebrates which serve as food sources for juveniles and
adult fish can also be smothered or displaced. A steady input of bark and wood waste, whether in a
stream, river or estuary, can result in compaction of the waste on the bottom and permanent loss of
spawning grounds.
Where waters are frequently mixed and unstable such as intertidal areas and estuaries, wood
residues can result in the re-suspension of materials in the water column and subsequently, settling onto
and smothering benthic communities in adjacent areas (Sami et al. 1999). Species richness in marine
benthic communities has been shown consistently to decrease with increased thickness or concentration
of wood wastes on the bottom (Kathman et al. 1984; McGreer et al. 1985). The feeding mechanisms
of suspension feeders such as bivalves, crustaceans, and polychaetes can also become clogged.
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An indirect result of wood wastes accumulated on the bottom of aquatic environments can be
the generation of a significant amount of methane and hydrogen sulphide gas, particulary in marine
sediments with an abundance of sulphur bacteria. Hydrogen sulphide gas is toxic to plants, aquatic
organisms and humans.
Wood wastes can also contribute a potentially significant pollution load as a result of leaching
of soluble organics from the bark and wood. Phenolics (tannins and lignins), terpenes (resin acids) and
aliphatics (fatty acids) are the principle leachates. The composition of leachates from wood residue
depends on the species of tree as well as its age, tree component (e.g., roots, foliage, bark) and its
geographic location. For example, resin acids are largely absent from hardwood while resin acids
constitute as much as 48 percent of Douglas fir wood resins, and between 30-40 percent of pine and
spruce wood resins (Samis et al. 1999). As for fatty acids, from 25-50 percent of the dry weight of wood
resins in softwoods is fatty acids and, for hardwoods, it is between 50-90 percent of the dry weight of
wood resins (Samis et al. 1999). Bark contains a higher proportion of extracts than wood; therefore, the
more bark that remains on a log, the greater the amount of leachate that seeps out (Thurlow et al. 1977).
Tannins and lignins leaching from wood waste impart a yellowish-brown colour to the water.
An indirect result of agitating or mixing water containing leachate from wood waste is the
formation of foam. The foam consists of resin acids and fatty acids and can be more toxic that the
effluent itself (Zitko and Carson 1971a; Cote 1973). Foam formation is associated with pulp mill effluent
and naturally occurring humic acids.
Since resin acids have a relatively high affinity for solids, they tend to accumulate and persist in
the bottom sediments. It is estimated that the half-life of the most common type of sediment-bound
resin acid, dehydroabietic acid, is 21 years (Brownlee et al. 1977). The half-life of dehydroabietic acid
in water is estimated to be approximately six weeks. Bioaccumulation of dehydroabietic acid has been
reported in salmonids (Fox et al. 1977). Overall whole body tissue concentration may reach 20 to 30
times that of the surrounding water during short-term sub-lethal exposure, while bioaccumulation factors
ranging from 30 to 996 have been recorded for major organs such as kidneys, liver and brains (Kruzyniski
1979; Oikari et al. 1982). Bioaccumulation of resin acids has also been reported in estuarine clams and
amphipods (Samis et al. 1999).
Most toxicity studies for resin acids have been done on pulp mill effluent since the effluent
discharged is considerably more extensive in volume and concentration compared with wood waste
leachate. Resin acids, however, are known to play a significant role in the toxicity of wood waste
leachate. Their toxicological impact depends on the volume of leachate and the degree of dilution in
receiving waters. Peters et al. (1976) found that blocks (volume of 22.7 litres and 3.2 m2 surface area)
of Western Red cedar (heartwood only) submerged in a continuous flow (14.3 l/hr) of dechlorinated tap
water for 85 days produced approximately 2.4 litres of leachate which was acutely toxic (LT50 = 18-25
hours) to coho salmon fry.
Sub-lethal or sub-acute (behavioural, physiological or reproductive) effects as a result of exposure
to resin acids have been measured for marine and freshwater fish and invertebrates (Mattsoff and Oikari
1987; Owens et al. 1994; Croce and Stagg 1997; Bodganova and Nikinmaa 1998; Johnsen et al. 1998;
Fåhræus-Van Ree and Payne 1999). Most of this research has been done in relation to evaluating the
impacts of kraft pulp mill effluent. Virtually no research has been done on the impacts of wood wastes
and its leachates on aquatic life in the rivers or estuaries of Passamaquoddy Bay.
As the lumber industry in the Passamaquoddy Bay area declined, it was replaced by pulpwood
and pulp mill industries. Wood waste such as bark, sawdust and wood chips continued to enter the river
until the early 1960's. The last log drive down the St. Croix River took place in 1962 and, in 1976, log
drives were disallowed under Maine law.
Since the practice of log drives and disposing wood waste in the St. Croix River has ceased, the
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quality of stream and river bottoms in the upper reaches of the St. Croix River has improved considerably
(Sochasky, pers.com. 2001). Spring freshets in the upper reaches of the river have moved some of the
wood waste and sawdust down river and into the estuary. In some cases, sediments that accompany
the freshets have buried or capped the old wastes. Pulp mill effluent, which contains wood waste fibres
in the form of suspended solids, among other contaminants, are still discharged into the river.

3.3.2 Pulp and Paper Mills
As with sawmill operations, pulp and paper mills discharge suspended solids (largely wood waste
fibres) which can build up in receiving waters, smother and eliminate bottom-dwelling organisms, create
anoxic conditions, generate hydrogen sulphide and methane gas, and decrease the overall diversity of
the benthic community. Resin acids and lignosulphonates associated with pulp mills can affect
phytoplankton production directly (toxicity) and indirectly (blocking light transmission) (Zitko 1975;
Wildish et al. 1979; Stewart and Arnold 1994). Historically, some mills discharged the heavy metal,
mercury, known to persist in sediments and affect biota.
Depending on the production process, pulp and paper mills can also be a major sources of toxic
chlorinated organic compounds such as dioxins and furans, as well as countless natural compounds such
as resin and fatty acids and lignins. Effluent from kraft pulp and paper mills using a chlorine bleaching
process can contain well over 300 different individual chlorinated organic compounds (Environment
Canada 1996).
In Canada, regulations to control effluent discharges from pulp and paper mills were not
formalized until 1971, when the deleterious substance sections (33 and 34) of the Fisheries Act were
amended. These regulations introduced minimum discharge standards for total suspended solids,
biochemical oxygen demand and specific toxic wastes for new mills and any expansions of old mills.
By 1990, only 10 percent of all pulp and paper mills in Canada were subject to the regulation (SLDF
2000), although all mills were subject to the Fisheries Act’s general prohibition on releasing substances
deleterious to fish.
In 1992, the Canadian federal government extended the Fisheries Act regulation to cover all pulp
and paper mills. The regulation required mills to implement secondary treatment of effluent and a
regular environmental effects monitoring (EEM) program. Limits on biological oxygen demand (BOD),
total suspended solids (TSS) and acute lethality of effluent were set for each mill. A new regulation
under the Canadian E nvironmental Protection Act (CE PA) was enacted to require concentrations of
chlorinated compounds dioxins and furans in mill effluent to be below the level of detection by 1994.
Three chemical substances (phenol, nonylphenol and its ethoxylates, and ammonia) associated
with pulp mill effluent are currently on the Priority Substances List for possible regulation under CE PA.
Based on Environment Canada’s scientific assessment of these substances, ammonia and nonylphenol
and its ethoxylates are considered to be toxic under section 64a of CE PA. The scientific assessment for
phenol concluded that phenol is not entering the environment in a quantity or concentration that might
have an immediate or long-term effect on the environment.
By the mid-1970s, mills were also subject to New Brunswick’s Water Quality Regulation under
the Clean Environment Act, which controlled BOD and suspended solids. Standards, however, were
tailored to each individual mill and operationalized under Certificates of Approval.
In the United States, pulp and paper mill effluent is regulated by the federal Environmental
Protection Agency (EPA) and the state Department of Environmental Protection. Both agencies issue
discharge permits and the State’s permit must be as strict as the federal permit. Discharge of dioxins and
furans from pulp mills are not permitted in the United States and limits are set on BOD, TSS and whole
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effluent toxicity.
By the turn of the century, many sawmills in the Quoddy Region had shut down due primarily
to depletion of large trees. Expanding newspaper and publishing industries and the introduction of
pasteboard cartons which were replacing wooden cases also contributed to the end of the sawmill era.
In the first two decades of the 20th century, the pulpwood industry completely superceded the
lumbering industry on the St. Croix River (Davis 1974).
The first pulp mill in the Quoddy Region was the St. George Pulp and Paper Mill on the
Magaguadavic River, which operated unregulated until it closed in 1967. No environmental monitoring
reports or studies on the mill were found to include in this report. The St. Croix Paper Company was
established in 1906 on the St. Croix River at Woodland, Maine. In 1963, it was purchased by U.S.based Georgia-Pacific, which operated the mill until July 2001. Today, the mill is owned by Domtar.
In 1971, the Lake Utopia Pulp and Paper mill was established on a small stream flowing into the L’Etang
estuary near St. George. Now owned by Irving Forest Products, this mill is also still in operation.
3.3.2.a St. Croix Paper Company and Georg ia-Pac ific Pu lp and Paper M ill
From 1906 to 1962 when the first pollution control measures were implemented, the St. Croix
Paper Company discharged all of its liquid and solid waste directly into the St. Croix River. The impacts
of millions of gallons of sulphite waste liquour and thousands of tonnes of suspended solids annually on
fish and water quality did not go unnoticed.
In 1912, the newly established International Joint Commission (IJC), set up under the auspices
of the 1908 Canada-US Boundary Waters Treaty, was asked by the governments of Canada and the
United States to examine a number of rivers and lakes along the international boundary and to report
on the extent, causes and location of pollution in these waters. For the St. Croix River, the IJC found
that chemicals from the pulp mill were polluting the river and affecting fish and the fishing industry. It
wasn’t until 1962, however, that the IJC established the St. Croix River Advisory Board on Pollution
Control to report on the water quality of the river and pollution abatement efforts of industry.
In a 1957 report to the IJC, the physical condition of the river was described as follows:
“Wood waste and pulp fibres presently discharged into the river at and
above Woodland have a tendency to settle and accumulate on the
bottom in the less turbulent portions of the river. These accumulations
blanket sections of the bottom, alter the natural aquatic life, and
seriously deplete available oxygen by slow organic decay. The main
channel is clear of wood-waste islands for the most part. Some areas of
the bottom, however, are covered by a slime or mold growth, and other
areas show a false bottom composed of coal-ash slag. In addition, older
accumulations formed by the extensive quantities of wood waste
discharged into the river by the saw mill industry occur in the river below
Woodland. Although present log driving in the river does not extend
below the paper mill, this activity contributes to physical pollution by
depositing objectionable solids on the river bottom and to chemical
pollution by the leaching out of lignin.” (International St. Croix River
Engineering Board 1957, p.43)
Between 1957 and 1962, the pulp mill under went some modernization which reduced the
amount of suspended solids discharged to the river per tonne of paper produced. The benefit of these
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upgrades, however, was offset by an increase in production which in turn resulted in an increase in the
volume of sulphite waste and suspended solids discharged (Bailey 1988).
In 1963, Georgia-Pacific Company acquired the pulp mill and in 1966 the mill was converted
from a sulphite to a Kraft pulp process which introduced new contaminants (e.g. chlorinated compounds
such as dioxins and furans) into the river system. A 1968 survey of the 14 km stretch between the mill
and Milltown (New Brunswick) found that colour and odour problems in river had increased and
dissolved oxygen levels had fallen to a mean of 1.8 mg/L (Bailey 1988). (To meet the survival
requirements of Atlantic salmon, water quality objectives for the river had been set at 5.0 mg/L.)
By 1968, 2,100,000 cubic meters of bottom sediment consisting of sawdust, wood chips and
bark had settled between Woodland and Milltown (a distance of 14 km), with 90 percent of that in the
slow-moving seven kilometre stretch between Baring (Maine) and Milltown (Bailey 1988). Currently, the
mill is licensed to discharge a daily maximum of 14 mt of total suspended solids and a monthly average
of 8.5 mt per day; however, daily discharge figures provided by Georgia-Pacific indicate the mill is
discharging suspended solids below the values prescribed in their licence (Table 3.3)

Table 3.3 Total Suspended Solids released per day into the St.
Croix River from the Georgia-Pacific mill, 1962 -2 000.
Sources: Farrar and White 1969; L ord 1978; H owell 1984;
Mitnik 1986; Bailey 1988; Maine Department of
Environmental Protection 1990,Georgia-Pacific L td. 2 001
Y ear

Total Suspended Solids (mt/day)

1962
1969
1978
1981
1985
1990
1996
1998
2000

210
23 - 95
16 - 20
14
24
6
2 - 14
1- 9
1- 5

With the shift in processing from a
sulphite to Kraft pulping and bleaching
process, sulphate and magnesium
concentrations in the river decreased
significantly and sodium, chloride and
calcium concentrations increase d
significantly. Kraft pulp is the darkest type of
pulp and requires the most bleaching. The
waste product from this process, known as
black liquor, contains approximately one
tonne of solids for every tonne of pulp
produced (SLDF 2001). While black liquor
solids are currently incinerated in pulp mills,
this was not always the case.

From 1966-1972, all effluent from the mill was discharged directly into the river with no
treatment. Between 1972 and 1978, the effluent underwent primary treatment and in 1978, secondary
treatment was introduced (Howell and Lockerbie 1983).
In 1995, the mill made further changes to its processing which reduced the use of chlorine.
Today, the mill uses a process known as elemental chlorine-free bleaching (ECF). ECF bleaching uses
chlorine dioxide rather than elemental chlorine. Chlorine dioxide does not react with organic
compounds as readily as elemental chlorine and therefore the formation of organochlorines is
substantially reduced but not totally eliminated. Cote (1973) examined the toxicity of Georgia-Pacific
mill effluent and identified lignin and resin acid as two of the toxic compounds present in the effluent
(Table 3.4). No other chemical compounds in the effluent were measured.
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Table 3.4 . Test results for lignin and resin acid tests from Georgia-Pacific survey (1973 ).

Source: Cote 1973

Source

L ignin (ppm)

Resin Acid (ppm)

holding tank (100% effluent)*
continuous flow (50% effluent)*
continuous flow (75% effluent)*

312 / 329
567 / 194
274 / 637

5.6 / 4.8
4.6 / 2.1
4.8 / 5.0

-

5.9 / 6.2
19.9

St. Croix River -500 yd. below mill*
Foam (Baring, Maine)+
*
Results from two samples
+
Result from one sample

In semi-static 96 hour bioassays with Atlantic salmon fingerling, the LC50 (concentration of
effluent that would kill fifty percent of the test organisms) was 14 percent. Cote (1973) also reported that
the foam, when allowed to liquefy, was three times as toxic as the effluent alone. An Appendix to the
Cote (1973) report presents the findings of a microscopic examination of fish exposed to Georgia-Pacific
effluent. Lesions (tissue damage) were found in the olfactory organs of both fingerling and yearling
salmon. Lesions were also found in the intestine of some fishes and it was suggested they were
reminiscent of lesions found in mummichogs (Fundulus heteroclitus) exposed to a variety of pollutants
including cadmium, whole crude and a pesticide.
Kraft mills that use chlorine as a bleaching agent are a major source of dioxins (polychlorinated
dibenzo-p-dioxins) and furans (polychlorinated dibenzo-p-furans). These compounds are highly toxic
and persistent. In laboratory tests of dioxin, mortality in rainbow trout occurred at concentrations as low
as 40 parts per quadrillion - an amount equal to a thimble full of dioxin in 50,000 Olympic-sized
swimming pools (Environment Canada 1991). Dioxins are endocrine disrupting compounds that at very
low concentrations are capable of causing physiological effects such as reduced gonad growth, liver
enlargement, metabolic imbalances, weakened immune response and induction of enzyme activity.
The Maine Department of Environmental Protection (DEP) conducts a monitoring program which
measures dioxin (2,3,7,8-TCDD), furan (2,3,7,8-TCDF), and dioxin TEQs (toxic equivalents)
concentrations in effluent from wastewater treatment plants, fish and shellfish. Since 1990, dioxin and
furan levels in Georgia-Pacific mill effluent have been less than 10 picograms/litre (Maine DEP 2001).
To approximate total risk from the most toxic forms of dioxins and furans, all forms are assessed by
comparing their toxicity to that of 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (2, 3, 7, 8,-TCDD), the most
toxic of this group, using an internationally accepted procedure (Environment Canada 1996).
Concentrations derived in this manner are referred to as toxic equivalents (TEQs). Dioxin TEQs in
Smallmouth bass and sucker in the St. Croix River are less than 0.1 ppt (picograms/gram ) (Maine DEP
2001).
Tissue residue guidelines for the protection of wildlife that consume aquatic biota have been
determined by Environment Canada for dioxins and furans (Environment Canada 2001). These
guidelines identify the total concentration of a contaminant found in an aquatic organism, on a wet
weight basis, that is not expected to result in adverse effect in animals that prey on the wildlife. Tissue
residue guidelines for dioxin TEQs have been developed for mammals ( 0.71 ppt of wet weight diet) and
birds (4.75 ppt of wet weight diet).
In 1996, the Maine Dioxin Monitoring Program reported dioxin TEQs levels in the tomalley of
lobsters caught off Robbinston (St. Croix estuary, Maine) ranging between 10.2 and 11.2 ppt. In 2001,
the Environmental Department of the Passamaquoddy Tribe at Pleasant Point (near Eastport, Maine)
reported on the results of their 1997 toxics monitoring program. Their study reported dioxin TEQs of
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0.85 and 0.95 ppt in lobster meat caught in Passamaquoddy Bay (between Perry and Robbinston,
Maine) (Environment Department of the Passamaquoddy Tribe, 2001). Dioxin TEQs were ten times
higher in lobster tomalley (8.60 ppt and 12.8 ppt) than in lobster meat. A Fish Consumption Advisory
(FCA) issued by the Maine Bureau of Health in 2001 warns consumers to refrain from eating lobster
tomalley. FCAs are based on cancer effects and are set at a level believed to represent a minimal risk
of cancer for a lifetime of exposure (Maine Bureau of Health 2001). For dioxin, the cancer action level
is 1.5 ppt.
Dioxin TEQs for cod, scallops and clams caught in Passamaquoddy Bay ranged from 1.20 ppt
for cod to 0.90 ppt for clams and 0.69 ppt for scallops (Environment Department of the Passamaquoddy
Tribe, 2001). Most of these species are considered food for higher trophic level predators, including
birds or humans. Based on the Canadian tissue residue guidelines, the level of dioxin TEQs in cod,
clams and lobster are slightly above levels that are considered unlikely to result in adverse effect on
mammalian prey.
In 1994, the Canadian Wildlife Service initiated a study to determine the concentrations of PCBs,
organochlorine pesticides, dioxins, furans and metals in tree swallow nestlings at five Atlantic Coastal
Action Program sites (St. Croix and L’Etang rivers in the Quoddy Region, Miramichi River in eastern New
Brunswick, Sydney Harbour in Cape Breton, and Pictou Harbour in eastern Nova Scotia). Tree swallows
are considered good sentinel species for monitoring bioaccumulation of contaminants in aquatic
sediments because swallow chicks are fed flying insects, many of which aquatic insects whose larval
stages are spent in the sediment. As a result, swallow chicks are exposed to local sediment
contamination through their diet (Burgess et al. 2000).
The study found that total dioxin and furan toxic equivalent (TEQs) concentrations were highest
at Miramichi and St. Croix (Table 3.5). According to the study, dioxin-like toxicity (measured as toxic
equivalents) at all sites were far below those associated with reproductive impairment. One site,
Miramichi (Strawberry Marsh), had levels close to those associated with sub-lethal impacts on liver
enzymes activities and vitamin A and porphyrin (haemoglobin, myoglobin) metabolism in Ontario
swallows (Burgess et al. 2000). The study found that tree swallows from all sites in the study were less
contaminated than swallows tested at polluted sites in the Great Lakes and St. Lawrence and Hudson
Rivers (Burgess et al. 2000).
The state of the St. Croix River in the mid-1970's galvanized governmental agencies on both sides
of the border to take action. By the late 1980's, significant progress had been made in restoring water
quality in the river. Some populations of anadromous species such as gaspereau and salmon were
beginning to show signs of recovery. However, by 1990 these species were once again in decline (see
Chapter 2, section 2.2, River ecosystems and diadromous fish).

Table 3.5 . Dioxin and furan (homolog)1 concentrations (pg/g wet wt.)2 in tree swallow nestlings. Source: Burgess et al. 2000
Location

Habitat

L’Etang
Miramichi (Strawberry Marsh)
Miramichi (Shultz Point)
Pictou
St. Croix
Sydney (tar ponds)

marsh
marsh
river
estuary
river
marsh

1
2

Total Diox ins
64
9160
279
26
1819
113

Total Furans
7
555
56
27
142
31

the sum of five similar dioxin and furan compounds
parts per trillion
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4.2.2.b Lake Utopia Pulp Mill
Lake Utopia Pulp Mill near St. George began operating in 1971 and discharges into the upper
limits of the once bountiful L’Etang Estuary (also called the L’Etang Inlet). It is currently owned by Irving
Forest Products Ltd and manufactures heavy cardboard products. The sulfite, semi-chemical pulp mill
processes primarily hardwoods. Sulphite pulping uses an acidic solution of sulfur dioxide and alkaline
oxides which produces a brighter pulp and therefore requires half the amount of bleaching chemicals
used for kraft pulp (SLDF 2001) .
Within three years of its start-up, a progressive decline in water quality and biological diversity
was observed in the L’Etang estuary. Table 3.6 outlines the events relating to this decline. The outcome
of events could have been avoided. Despite a pre-operational study of the estuary which indicated its
poor flushing characteristics (Wildish et al. 1979), the project went ahead without further research which
would have assessed the assimilative capacity of the receiving waters. By the 1980s, eight kilometers of
the 14 kilometer estuary were badly polluted and the estuary bottom was smothered with wood waste.

Table 3.6 Chronology of events relating to the Lake Utopia Mill and the L’Etang Estuary. Sources: Wildish et.al. 1979;
Z itko1999.
Date

E vent

1967
April 1971
1971-72

Construction of the causeway separating upper and lower L’Etang (transportation link)
Pulp mill becomes operational
Gradual development of anoxia in upper L’Etang

1971
Summer 1972
1973
1973

Gradual development of anoxia/hypoxia in landward 2-3 km of lower L’Etang
Complaints of smell and reduced scallop numbers in lower L’Etang
Mill changes from ammonia to sodium sulfite cooking process
Closure of shell fisheries in L’Etang

1974
late 1980s
1991
1994

Low catches of herring in weirs of lower L’Etang
Sludge treatment system and secondary clarifier installed
Mill prosecuted for violating provincial and federal environmental laws
One of the original aeration basins converted to activated sludge treatment system and a secondary clarifer

1994

added
Mill meets legal requirements for suspended solids and biological oxygen demand but mill effluent
remains toxic to fish

In the late 1980's, technical changes were made to the treatment of mill effluent which improved
the quality of the effluent. Today, the mill is licensed to discharge 4.2 mt of suspended solids per day.
The dark brown effluent contains primarily lignosulphonates as well as various sugars, sugar acids, resins
and insoluble pulp fibre.
The most common effects on fish exposed to pulp and paper mill effluent include delayed sexual
maturation, reduced gonad size and increased liver size. In the first cycle of monitoring under
Environment Canada’s pulp and paper mill environmental effects monitoring (EEM) program, sublethal
effects (higher hepatopancreas weights) and higher concentrations of a few resin acids were reported in
green crabs exposed to Lake Utopia mill effluent (Parker and Smith 1997).
In the second monitoring cycle of the EEM program, the end-of-pipe effluent at Lake Utopia still
registered sublethal toxicity for a range of organisms. Lake Utopia mill test results for 1995 to 1998 show
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the effluent’s IC25 (the percent concentration at which test organisms show a 25 percent inhibition of
the characteristics tested) ranged from 26 percent for fathead minnow, to 1.6 percent for sea urchins,
>66 percent for inland silversides, and 2.8 percent for a species of red seaweed (Zisserson and Parker
1999). During this sampling period (1995-1998), the Lake Utopia mill was in violation of federal Pulp
and Paper Effluent Regulations 68 times (SLDF 2001). Meanwhile, Zitko (1999) reported that the
concentration of organic compounds in the sediments just below the causeway corresponded
approximately to that of a reference aquaculture site.
The high organic loading associated with pulp or paper mill effluent, as well as sewage plants,
has been the subject of extensive study since the early 1960's. By the late 1970's a considerable body
of scientific literature documented the chemical, microbial, and faunal changes in the benthic
environment due to what was termed “the most universal of environmental disturbances”, organic
enrichment of marine areas (Pearson and Rosenberg 1978). The reaction of the upper L’Etang estuary
to organic loading from the Lake Utopia pulp mill was extensively studied and served, in part, as the
basis for the development of proposed enrichment gradient zones based on changes in the microbial
community in the sediments (Poole et al. 1976; Poole et al. 1977; Poole et al. 1978 ; Wildish et al.
1979; Poole and Wildish 1979). Poole et al. (1977) described the response in microbial activity in the
sediments due to organic loading from pulp mill effluent in the following way:
“...The microbial degradation of the organic components of the effluent
imposes a large oxygen demand on the system, while the supply of
oxygen is limited by the restricted tidal exchange and, in addition, the
presence of lignosulphonates in the upper L’Etang prevents green plant
photosynthesis.
The activities of certain bacterial populations within the sediment
play an important role in the development and maintenance of anoxic
[oxygen deficient] conditions. The addition of cellulose, in the form of
pulp fibre, to the sediments results...in an increase in the activities of the
sulphate-reducing and hence an increase in their metabolic by-product
sulphide. This sulphide may exert an inhibitory effect on the bacterial
populations in the sediments; it may, therefore, be a major factor in
controlling bacterial activity and the capacity of the ecosystem to cope
with the effluent.
Bacterial sulphate reduction is the penultimate stage of gross
organic pollution, the final stage is methanogenesis [methane
production]. The development of anoxic conditions and the appearance
of sulphide is a disaster for the eukaryotic [multi-cellular] organisms,
whose death may in turn augment the gross pollution.”
A review by Pearson and Rosenberg (1978) examined the response of marine organisms living
on the bottom to organic loading/enrichment. This oft-cited paper describes four zones of response normal, transitory, polluted and grossly degraded - and the succession of benthic species associate these
zones. For example, bivalves such as the nut shell, Nucula sp., which are eaten by bottom-feeding fish
and diving ducks, and terebellid worms such Amphitrite sp., are found in normal zones. As the organic
load in an area begins to increase, the diversity of species in this transitory zone increases as well. As the
organic load increases, diversity begins to decrease until finally there are no visible benthic organisms
(macrofauna) (Figure 3.2).
More recently, Clarke and Warwick (1994) provided a theoretical explanation of the impact of
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stress or disturbance such as organic enrichment on diversity. They suggest that a slight increase in the
level of enrichment relaxes competition among species (because food is more readily available) and
results in an increase in diversity (more food for more species). As enrichment increases, the habitat
quality of the sediment declines and diversity begins to fall.
The chemical characteristics associated with the zones described by Pearson and Rosenberg
(1978) have been defined and refined by various researchers (Poole and Wildish 1979, Wildish et al.
1999). The normal zone is described as an oxic zone where the oxidation-reduction (Redox) measures
are positive (greater than 100 mVNHE ) and sulfide measures are low (less than 300 µM). Redox
(oxidation-reduction) potential measures the degree of aerobic and anaerobic activity in the sediment;
negative or low redox values reflect a low oxygen or reduced environment. In the transitory or oxic 2
zone, the redox levels begin to drop and the sulfide levels increase (300 - 1300 µM). As the organic
enrichment persists, the benthic environment moves to a polluted (hypoxic) and finally grossly polluted
(anoxic) state where the redox level moves into negative values and the sulfide readings can register over
6000 µM. The response of the benthic community to organic loading will depend on a number of
factors including duration, concentration and amount of the organic loading and oceanographic
conditions such as depth and current speed. These redox and sulphide values are currently used to
assess the impact of organic loading from salmon aquacuture operations.

Fig. 3.2. Diagrammatic representation of changes in macrofauna and sediment structure along an organic
enrichment gradient in marine / estuarine conditions (Pearson and Rosenberg 1978). Re-drawn by Art MacK ay.
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3.3.3 Fish Plants
The first fish plant to appear in the Quoddy Region was in Eastport (Maine) in the early 1840's.
Over the next 30 years, lobster canneries were established in St. Andrews, Deer Island and Grand
Manan. In 1875, the first sardine plant was opened in Eastport. By the early 1990's, as a result of
declines in herring populations, most herring processing plants had closed, leaving just one plant in
Lubec, Maine, and one company, Connors Bros., to operate two plants (Blacks Harbour and Seal Cove)
on the Canadian side. The emergence of the salmon aquaculture industry in the 1980's saw the opening
of new processing facilities for farmed salmon. Today in the St. George area, the site of the highest
concentration of salmon farms in Charlotte County, there are 12 fish plants, in addition to Connors Bros,
processing farmed salmon (Eastern Charlotte Waterways 2001). Salmon processing plants are also
located on Deer Island, Campobello and Grand Manan. Some of these processing plants discharge their
effluent into municipal waste water collection systems while other plants discharge into surface waters.
Wastes from fish plants contain suspended solids (particles of fish), oil, bloodwater, slimes, and
other contaminants (e.g. chlorine disinfectants) which can degrade water quality, deplete dissolved
oxygen and contaminate sediments in the small harbours and coves where the plants are located (Eaton
et al. 1994). As with discharges from pulp mills, sewage operations or salmon farms (see below), the
suspended solids discharged from fish plants can accumulate in receiving waters, smother and eliminate
bottom-dwelling organisms, create anoxic conditions, generate hydrogen sulphide and methane gas, and
decrease the overall diversity of the benthic community.
Table 3.7 Historical overview of fish processing operations in the Quoddy Region. Sources: Davis 1974; Peacock 1979;
Wilbur and Wentworth 1986; NB Dept. of Environment and Local Government 2001
Date

Processing Plants

1850's
1876

Small lobster canneries open in St. Andrews and Grand Manan
First sardine plant opens in Eastport, Maine

1882
1885
1886
1890

18 sardine plants in Eastport, 4 Lubec (Maine) and I in Robbinston (Maine)
Start of sardine processing in Black’s Harbour and St. Andrews
32 sardine plants on the U.S. side of Passamaquoddy Bay
Numerous canneries on Deer Island, Grand Manan and Campobello

1948
1978
1980
1990

48 sardine plants on the U.S. side (Maine)
29 fish processing plants in Charlotte County
14 sardine plants on U.S. side, Maine
5 fish processing plants in Charlotte County; no sardine processing plants in Maine

1990's
2001

Farmed salmon processing facilities emerge
18 fish processing plants in Charlotte County

Fish plant effluent can provide a medium for the growth of bacteria already in the water, such
as fecal coliforms or other disease-producing bacteria. In the case of fish meal plants, Mennon and
McDonald (1978) reported that fish meal plant effluent posed a potential hazard to shellfish fisheries,
food processing and recreation in coastal waters because of the presence of large numbers of coliforms
and Salmonellae in the waste discharged. The characteristic of the effluent depends on the type and
quantity of fish processed, with fish meal production generating the most wastes. A fish meal production
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plant is located in Blacks Harbour.
In 1975, Environment Canada established guidelines for the control of liquid effluents from fish
processing plants. The standards covered suspended solids, offal, bloodwater, stickwater (black liquor
produced from cooking fish), oil and grease. No standards were set for bacteria or chemicals. Since
these are only guidelines, they are not legally enforceable. Even when processing plants do meet
regulations or guideline limits, the sheer volume of effluent discharged can be great enough to cause
environmental problems (Eaton et al. 1994). Similar initiatives were taking place in the United States
(Train et al. 1997).
Until the early 1970's virtually no research had been done on the impact of fish plant wastes on
receiving waters. At the same time that the first regulations on pulp and paper effluent were being put
in place (1971), the federal government was beginning to draft guidelines to control effluent from new
fish processing plants (Environment Canada 1973). This initiative precipitated a series of studies on the
characteristics of fish plant wastes across Atlantic Canada, primarily Nova Scotia, Newfoundland and
northern New Brunswick (Shaffner 1971; Riddle and Shikaze 1973; Nutt 1974; Dale and Dawson 1974,
Menon and MacDonald 1978).
In New Brunswick, fish plants and other facilities that discharge waste must obtain an approval
to operate under the Water Quality Regulation of the Clean Environment Act. This regulation authorizes
“an approval to operate a source of contaminants.” Facilities are categorized based on the quality of
their effluent (Table 3.8). Currently, there are 12 licensed fish plants in the Quoddy Region: two have
Class 1 permits; seven have Class 3 permits; and two have Class 4 permits. Fish plants estimated to have
low discharge volumes or are discharging into a municipal wastewater treatment system may not be
required to obtain an approval to operate. The only control requirements for fish plants requiring
approvals are that they must discharge their waste below the low water mark and the outflow pipe must
be fitted with a screen.
The most detailed study on fish plant effluent in the Quoddy Region took place in 1989 in
response to concerns of salmon growers operating in Bliss Harbour (adjacent to the L’Etang Inlet).
Particulate fish wastes were reaching their cages from the Connors Bros. fish meal plant in Blacks
Harbour. In the fall of that year, the plant (a Class 1 facility) began processing menhadden for fish meal,
and stickwater from the plant was being released untreated into Blacks Harbour. The study revealed that
organic matter from the fish meal plant was detectable two km away and, at certain times of the year,
over half of the surface waters in the vicinity of the fish meal plant may become anoxic (Wildish and
Zitko 1991). Beyond the two km detection area the effluent was too dilute for chemical
characterization. Since 1992, no stickwater has been released from the plant.
Table 3.8 New Brunswick classification for effluent quality approvals. Source: New Brunswick Dept. of Environment and
Local Government 2001.
Class

Flow (m3/day)

B OD1 (mt/yr)

S.S.2 (mt/yr)

I
II
III

> 10,000
1,000 - 10,000
100 - 999

> 400
40 - 400
1 - 39

> 400
40 - 400
1 - 39

IV

< 100

< 1

1

Biological Oxygen Dem and
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3.3.4

Sewage

As late as 1962, untreated municipal sewage was still being discharged to the St. Croix River
system and Passamaquoddy Bay area from all communities. By the mid-1970s most municipalities had
installed some form of wastewater treatment (Table 3.9). Today, there are still many public and private
sewage outfalls (e.g. fish plants, pulp mill, industrial parks, campgrounds, home owners, motels,
restaurants, stores, malls, schools, hospitals, research facilities, etc) that have no or minimum sewage
treatment.
By the late 1940's, the impact of discharging raw sewage was manifested on the soft shell clam
industry. At the time, the clam industry was considered one of the important fisheries in the St. Croix
estuary. With the adoption of rigid standards for international trade in raw shucked clam meat, in 1950
almost all the estuary was closed to harvesting due to fecal coliform contamination (International St.
Croix River Engineering Board 1957). The area remained closed for the next 50 years. In fact, the clam
fisheries along the entire coast of Charlotte County, from St. Stephen to Maces Bay, have been generally
closed due to fecal coliforms contamination.
Since the mid-1990s, community-based agencies such as Eastern Charlotte Waterways, St. Croix
Estuary Project, and St. Croix International Waterway Commission, have been conducting water quality
monitoring programs and promoting programs to reduce contamination of clam flats. Today, clam
harvesting is open on several flats throughout the region. Several others are under ‘conditional opening’
status. The ‘condition’ is the state of water quality, sampled under the auspices of Eastern Charlotte
Waterways, and analyzed by DFO. Because of DFO’s limited capacity to analyze samples, only two
conditional areas are opened during the year, those areas being identified by the clam industry.
Currently, Pocologan and Chamcook are open conditionally. Parts of the L’Etang Inlet are expected to
be open soon, and Chamcook will be closed (ECW pers. comm.) Efforts continue to identify and correct
problems in waste treatment systems in order to restore clam harvesting in the other parts of the region
(St. Croix International Waterway Commission 1997).
Table 3.9 Municipal wastewater treatment facilities in the Quoddy Region (Canada only). Source: SCEP 1996; NB
Department of Environment and Local Government 2001.
Municipality

Type of Treatment

St. Stephen

aerated lagoon and polishing
pond

Milltown

extended aeration

St. Andrews

aerated lagoon and polishing
pond

St. George
Blacks Harbour

Design Flow (m3/day)
1700

Chlorination
yes

Sludge Processing
no

900-1,114

yes

Sludge drying beds

1,135 - 2,038

no

no

aerated lagoon

1245

no

no

aerated lagoon

560

no

no

The contamination of shellfish is only one of the problems associated with sewage discharges.
Sewage adds nitrogen and phosphorous (nutrients) to the environment which, under the right conditions,
can cause large localized blooms of algae, some toxic. Harmful algal blooms, as toxic blooms are called,
are often not harmful to shellfish. The algae can accumulate in clams or mussels, however, and if eaten
by humans, can have a toxic effect. Harmful algal blooms can also cause large fish kills.
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Studies have shown that, besides bacteria and virus-laden human excrement, typical municipal
sewage contains grease, motor oil, paint thinner, antifreeze, heavy metals, organochlorines and as many
as 200 chemicals (SLDF 1994). Chlorine is found in sewage effluent where it is used as a disinfectant
in the treatment process.
The effects of sewage on marine organisms has been widely studied and reported (Franklin 1983;
Chapman 1985; Lack and Johnson 1985; Oviatt et al. 1987; Santoro and Fikslin 1987; Chapman et al.
1988, Costello and Gamble 1993). It has been found to be acutely toxic (causing severe biological harm
or death within a short period of time, usually 96 hours or less) to a wide range of marine organisms
including phytoplankton, seaweeds, copepods, amphipods, molluscs, echinoderms and fish. Sub-lethal
effects of sewage sludge, where an organism does not die but shows signs of impaired growth and
reproduction or signs of stress such as increased liver or cellular enzyme activity, have also been reported
in eggs, larvae and adult cod, herring, flounder, and mussels and hydroids (Franklin 1983; Lack and
Johnson 1985, Costello and Gamble 1993, Kingsford et al. 1996; Lye et al. 1997). Larvae and plankton
can also be physically trapped by sewage flocculent (aggregation of particulate matter) and subsequently
die.
Most municipalities in the Quoddy Region no longer dispose of sewage sludge into the marine
environment. Depending on the municipality, the sludge is collected, dried and composted, or remains
in the settling pond (Table 3.9). As mentioned above, however, there are many non-municipal sewage
outfalls that discharge directly into coastal waters without any treatment.
In 1995, 25 substances were added to Environment Canada’s second Priority Substances List
(PSL) for evaluation. The PSL program was established in 1989 under Canadian Environmental
Protection Act (CEPA) to identify those chemicals currently in use (as well as new chemicals) to be
evaluated for their toxicity on an urgent basis. Of the 25 substances placed on the list in 1995, four
relate to municipal wastewater treatment effluent: ammonia, chloramines, nonylphenol (NPs) and its
ethoxylates (NPEs). Two of these substances, ammonia, NPs and NPEs, are routinely discharged from
sewage outfalls, and chloramines are discharged from facilities where chlorine is used to disinfect
drinking water and wastewater such as sewage plants and fish plants (Table 3.10).
Table 3.10 Environment Canada’s assessment of three compounds on the Priority Substances List. Source: Environment
Canada 2001.
Compound
Ammonia - two
forms (NH3 and NH4 + )
NH3 most harmful

Source(s)

Effect

Municipal waste treatment plants
pulp mills, mines, agricultural runoff
and atmospheric releases from
fertilizer industry and agricultural
operations

Reduced reproduction in adult fish and invertebrates
and reduced growth of young
Acutely toxic to wide range of marine and freshwater
organisms

Inorganic chloramines formed when chlorine
ammonia are combined

Municipal and industrial sources which
chlorinate
In 1996, 1.3 million kg released to
surface waters from 173 municipal plants
In 1996, 142,000 kg released from 43
industrial facilities that chlorinate to
control biofouling

Nonylphenol and its
ethoxylates

Textile processing, pulp and paper processing, Acute toxicity
chronic resins, pest control products, detergents,
cosmetics, paints, power generation,
Endocrine disruptors and hormone mimics in animals and
municipal waste, etc
humans
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The results of Environment Canada’s five-year scientific assessment of these substance, as
required under section 64 of CEPA, has determined that these substances were “toxic”. The 25
substances were expected to be added to Schedule 1 of CEPA by 2002. Regulations governing the
control and discharge of these substances must be in place within two years of the listing.

3.3.5

Salmon Aq uaculture

In 1978, the first commercial salmon smolt were placed in sea cages in Lord’s Cove, Deer Island.
Eighteen months later, they were harvested as adult salmon and sold for $46,000, demonstrating that
salmon farming was possible in this region. By the late 1980's, the Charlotte County coast had the look
and feel of a gold rush. Instead of sluice boxes on river banks, sea cages of all shapes and sizes dotted
the shoreline.
By the mid 1990's, however, the price per pound paid to farmers had dropped by almost a half,
from a high of $6.35 per pound in 1987 to $3.50 a pound in 1995. The number of new farms coming
into production and the volume of salmon being produced was slowing down (Table 3.11). Over the
next six years, the industry was hit with lower prices, increased production from foreign producers,
disease outbreaks and intense competition for farm sites. These factors resulted in a concentration and
intensification of the industry where fewer companies were producing more and more salmon. The
average number of fish per site in 1997 was 70,000. Today, this number is 200,000 to 300,000 fish per
farm, and 95 farms are licensed in the Quoddy Region (Fig. 3.3).
Salmon farming also takes place in Maine, principally Cobscook Bay which is a part of the
Quoddy Region ecosystem. The first Atlantic salmon farm began there in 1982 and the first harvest of
20 mt occurred in 1984. Annual harvest of farmed salmon in Maine now exceeds 12,000 mt (over 33
farm sites) with 90 percent of this production taking place within 50 km of the Canadian border and
about 60 percent in close proximity to the New Brunswick industry (Baum 1998; DFO 1999).

Table 3.12 Estimate of the solid waste (uneaten food and
feces) entering the marine environment from salmon
aquaculture production in the Quoddy Region in 1999
based on a low estimate of feed wastage (15 percent).

Table 3.11 Salmon farming in the Quoddy Region,
1979-2001. Source: DFO 1999; NB Department of
Agriculture, Fisheries and Aquaculture 2001.
Year

N o. of Farms

Production (mt)

1979
1981
1983

1
2
4

6
24
72

1985
1987
1989
1991

18
33
49
57

399
1,561
3,993
8,509

1993
1995
1997
1999

67
71
91
90

10,484
14,490
20,310
22,000

2001

94

40,000 (est)
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Amount (mt)
Farmed salmon produced1
Fish feed used2
Feces produced3

22,200
28,860
3 ,564

Uneaten fish feed4
Estimated solid waste discharged

4,329
7,893

Source: NB Dept. of Agriculture, Fisheries and Aquaculture
Based on 1.3 feed conversion ratio.
3
Based on 162 gm of feces/1 kg salmon (Bergheim and Å sgård
1996.)
4
Based on 15% feed wastage (Burd 1997)
1
2
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Farming salmon, like the intensive production of livestock, involves feed (food) inputs plus a
range of theraupeutants (antibiotics and pesticides), anesthetics and disinfectants. Unlike intensive
livestock production where inputs can be controlled, marine finfish farming takes place in open waters
where feces, urine, uneaten food, pesticides, antibiotics and disinfectants are carried away by currents
and tides beyond the open net pen. The environmental impacts of these inputs will depend on factors
such as the scale (number of fish per site and density of sites in a given area) and duration of the farm
operations, the biological and oceanographic setting in which the farming takes place, and the combined
effect of other past, existing and imminent activities in the area.

Fig. 3.3. Salmon aquaculture grow-out sites licensed in the Quoddy Region (not including
Cobscook Bay, Maine) 1980-2000. Data provided by NB Dept. of Agriculture, Fisheries and
Aquaculture. Maps courtesy of B. Chang.
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3.3.5a Uneaten food and faeces
Estimates for the amount of fish feed that enters the marine environment uneaten are between
15 and 20 percent for dry feed and more than 20 percent for moist feed (Burd 1997). While dry feed
is preferred by fish farmers, fish tend to prefer moist feed as it is more like the texture of their natural
foods. As for faeces, it is estimated that the production of one kg of Atlantic salmon will generate 162
g of faeces (Bergheim and Åsgård 1996). Accurate figures for the amount of fish feed used on New
Brunswick salmon farms are unavailable but production figures for 1999 are known. Using a feed
conversion ratio of 1.3, the amount of fish feed used in New Brunswick can be estimated.
There is a considerable amount of variation in the values cited as Food Conversion Ratios (FCRs)
in the salmon aquaculture industry. A FCR is the ratio of the total amount of food fed and the amount
of biomass produced during a specific time interval. The BC Ministry of Agriculture, Fisheries and Food
(MAFF) uses a FCR ratio of 1.5 in their waste discharge models. DFO used a 1.15 FCR value in their
submission to the BC Salmon Aquaculture Review. Black (2001) reports that FCRs now approach 1,
where one kilogram of fish product (whole fish, wet weight) is produced per kilogram of feed
(compound feed, typically around 10 percent water). However, Peterson et al. (2001) in a survey of 20
salmon farms in the Bay of Fundy reported that for 1995-1997 the FCR averaged 1.52. For the purpose
of this report, an average - 1.3 - of these range of FCR values (1.15 - 1.52) is used to estimate the amount
of solid waste entering the environment from salmon farms (Table 3.12).
The ecological impacts of solid waste discharges are most often measured and reported as a
function of changes in bacterial and/or macrofaunal biomass and species richness (number of taxa). The
community structure beneath the open net pen salmon site can become simplified and microbial
metabolism can shift from aerobic to anaerobic respiration (Burd 1997; Costa-Pierce 1996). In high
impact areas, out-gassing of carbon dioxide, hydrogen sulphide and methane from sediments can occur
beneath salmon sites (Black et al. 1996; Chang and Thonney 1992). Species diversity under open net
pens is often reduced to two taxa, the polychaete Capitella capitata sp. complex and certain nematodes
(Levings 1994; Findlay et al. 1995; Duplisea and Hargrave 1996; Pohle and Frost 1997; Mazzola et al.
2000).
In 1991, the New Brunswick Department of Environment (now the Department of Environment
and Local Government, DELG), initiated the first environmental monitoring program of the salmon
aquaculture industry. This revealed that 37 of 48 sea farm sites monitored had moderate to high
environmental impact ratings (Chang and Thonney 1992). Hydrogen sulphide and methane gas released
from the sediments under cage sites was reported at all eight high impact sites and at 10 percent of the
29 sites that had moderate impacts (Table 3.13). Monitoring results for 1992 showed similar results.

Table 3.13 Results of aquaculture monitoring in the Quoddy Region for 1991. Source: Chang and Thonney 1992
Number of sites
(impact rating)
11 (low)
29 (moderate)
8 (high)
1
2
3

Bacteria1
(Area covered)
20-40%
40-60%
60-80%

Organic Matter2
(increase)
34.7%
47.2%
65.7%

G as3
(% of sites)
0
10
100

percentage of area covered with bacteria (Beggiatoa sp.) to a distance of 50 m from the cage site
percent increase in total organic matter in sediments collected under cages relative to a control area.
percentage of sites where gas (hydrogen sulfide, methane) was observed to be released from under cages.
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In 1993, funding for the monitoring program was not renewed and the responsibility for
environmental monitoring was handed to the N.B. Department of Fisheries and Aquaculture,now
Department of Agriculture, Fisheries and Aquaculture (DAFA). The Department, in turn, handed the
responsibility to the industry itself. Since then, environmental monitoring data has been deemed to be
owned by a third party, the industry, and thus has been difficult to access. Data on individual sites is still
treated as confidential. In 2000, DAFA announced its new site allocation policy for establishing and
operating salmon farm sites. Responsibility for overseeing the industry’s environmental monitoring
program has been transferred back to DELG, effective sometime in 2002. The Department will not be
responsible for doing the actual monitoring, however, it will compile a consolidated report of the site
approvals on an annual basis. The report will be available upon request.
Hargrave et al. (1995) assessed the benthic impacts of organic waste at 11 salmon farms in the
Quoddy region. The biological, chemical and sediment conditions under the cage sites were compared
to 11 reference or control sites. The results indicated that total sulfide concentrations in surface sediment
layers at all cage sites were 10 to 1000 times greater than values measured at reference sites. Reference
sites had a greater diversity of major taxa: 42 species were present at all reference sites, while 32 species
occurred at cage sites (Hargrave et al. 1995). With the exception of one reference site, all reference
stations had higher redox potential values in the sediments (Hargrave et al. 1995). For eight of the 11
farms sites, low redox values indicted that organic matter loading was occurring in excess of those
occurring at reference sites. Low redox values develop in shallow, depositional marine and estuarine
environments subject to sustained effluent loads from sawmills, pulp and paper mill, sewage outfalls, and
aquaculture operations. Wildish et al. (1999) sampled sediments beneath 65 salmon farm sites in the
Quoddy Region in 1998. Based on redox and sulfphide readings, 17percent (11) of the 65 sites could
be described as being, or close to being, anoxic (lacking in oxygen).
The estimated time for the benthos to recover its species abundance, richness and biomass after
fish farming ceases has been reported from a few months to five years, depending on the scale and
duration of the fish farming activity and the biophysical geography of the area (Burd 1997; Mazzola et
al 2000; McGhie et al 2000; Pohle et al 2001). To date, research on the ecological effects of solid waste
impacts from salmon farms has focused mainly at small spatial scales (around a particular cage or farm
site) and relatively short temporal (one to three years) scales. There are very few published research
papers on the ecological effects of waste discharges from fish farms across larger geographic or longer
time scales.
Pohle and Frost (1997) reported the results of a monitoring program (1995 and 1996) for
organic enrichment within portions of the L’Etang Inlet. This area has the highest density of salmon farms
in Atlantic Canada and produces the greatest proportion of farmed salmon in the region. Their results
showed embayment-wide enrichment impacts in Lime Kiln Bay, and a trend in this direction in adjacent
Bliss Harbour. The impacts were primarily the loss of diversity of benthic species in the area and the
increase in abundance of low oxygen tolerant species (see Figure 3.2).
In 1998, the Inlet was cleared of farmed salmon due to an outbreak of infectious salmon anemia
(ISA). The monitoring program continued through this period, making it one of the longest
environmental monitoring programs for salmon aquaculture impacts to date (1994-1999). Pohle et al.
(2001) found continued significant regional loss of benthic species diversity and significant increases in
nutrient pollution in the L’Etang Inlet. Despite cessation of farming in the Inlet for approximately a year,
the monitoring results demonstrated that the benthic community had not recovered (Pohle et al. 2001).
Nonetheless, salmon farming has resumed in the Inlet.
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3.3.5.b Nitrogen and Phosphorus
In addition to the solid component of wastes discharges from salmon farm operations, there are
dissolved components in the form of nitrogen (N) and phosphorus (P). Most of the total nitrogen in the
wastes is in the dissolved fraction, while the majority of the total phosphorus is in the particulate fraction
(Costa-Pierce 1996).
It has been pointed out that, on a national scale, N and P discharges from aquaculture operations
represent a very small percentage of total N and P loads (Ackefors and Enell 1990). However, local
loadings of N and P from fish farms can be very significant and, in fact, can represent the largest source
of N and P in a given area. For the L’Etang Inlet, aquaculture operations are the largest anthropogenic
source of nutrient inputs (Table 3.14). This type of study (estimates of N and P from various sources)
has not been repeated in other areas of the Quoddy Region.
Table 3.14 Annual Estimated Input of Nitrogen and Phosphorus to the L’Etang Inlet 1992. Source: Strain et al. 1995
Source
Pulp mill
Sewage treatment1
Run-off
Precipitation
Black’s Harbour fish plant
Aquaculture3 (22 salmon farms)

Nitrogen (mt)

Phosphorus (mt)

3.1
41.0
8.0

N/a
3.8
1.11

17.0
61.0 (220.0)
290.0

0.66
8.4 (30)
45.0

From sewage treatment plant serving the town of Blacks Harbour (population 1200)
Since 1991, stickwater (the black liquor produced from cooking fish and the most highly concentrated waste stream produced in the
plant) has not been discharged from the plant. The numbers in brackets reflect pre-1991 discharge levels which included stickwater.
3
In 1992, there were 22 fish farms in the L’Etang Inlet with a licence capacity of 2.2 million fish (approximately 8,000 mt). The actual
production figures for the entire New Brunswick Bay of Fundy salmon aquaculture industry in 1992 (the year of the study) was 8,836
mt representing an estimated 2.43 million fish. (New Brunswick Department of Fisheries and Aquaculture).
1
2

Nitrogen and phosphorus loading into marine (and other) waters can initiate a biological process
(eutrophication) that, depending on the volume and duration of nutrient loading and the assimilative
capacity of the receiving waters, can culminate in a fundamental shift in the food web structure of an
area and lead to ecological simplification (McClelland and Valiella 1998; Ingrid et al. 1999; Worm et
al. 1999; Worm and Lotze 2000 Worm et al. 2000). The Group of Experts on the Scientific Aspects of
Marine Pollution (GESAMP 1990) outlined the following biological and ecological changes that take
place as eutrophication progresses: increased primary production; changes in plant species composition;
very dense, often toxic, algal blooms; conditions of hypoxia (low oxygen concentration) or anoxia (no
oxygen); adverse effects on fishes and invertebrates; and changes in structure of benthic communities.
Worm (2000) conducted field experiments and surveys in the Baltic Sea, Scotian Shelf and Bay
of Fundy areas to examine the interactions of increased nutrient (N and P) supply and grazing on
competition between annual algae (rockweed) and perennial algae (Enteromorpha spp., Cladophora
spp., Pilayella litteralis). Typically, competition between rockweed (a perennial algae) and the brilliant
green Enteromorpha spp. (a perennial, often called a nuisance, seaweed) is mediated by two effects:
grazing control (top-down) and nutrient supply (bottom-up). High nutrient levels favour fast-growing
annuals. When nutrient levels are high, grazers (periwinkles) are unable to keep up with the production
of annuals. If high nutrient levels are sustained over years, it can lead to the loss of perennial algae like
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rockweed, as the annuals smother the rockweed and prevent recruitment. In the Baltic, decades of
nutrient loading have led to the dramatic loss (90-95%) of rockweed stands (Worm and Lotze 2000).
The study found that in the nutrient-rich areas of L’Etang Inlet, Passamaquoddy Bay and
Annapolis Basin, the grazing pressure of periwinkles on the annuals was insufficient to keep the annuals
under control; the loss of periwinkles through direct harvesting enhanced the effect of enrichment
(Worm 2000). Areas of high nutrient levels were in the vicinity of aquaculture operations. Worm and
Lotze (2000) reported that the combination of harvesting rockweed and periwinkles and nutrient loading
in a region such as Passamaquoddy Bay has the potential to cause complex and negative changes to the
rockweed community of the area. The habitat formed by rockweed is known to play a central and vital
link in coastal food webs (Rangeley and Krammer 1995).
There are differing views regarding the contribution of nutrient releases (N and P) from net pen
operations to the occurrence of harmful algal blooms (HABs) in coastal waters (Burd 1997; Berry 1996).
A number of reports document the occurrence and abundance of HABs in the vicinity of net pens in the
Quoddy Region (Wildish et al. 1990; Martin et al. 1999), but none of these monitoring programs were
experimentally or statistically designed to answer the question of whether salmonoid aquaculture
influence blooms of HABs.
One of the difficulties in studying the impacts of N and P discharges from salmon farms is that
nutrients from net pens are often not the only source of discharges. Models that estimate the relative
contributions of nitrogen from different sources and their loading rates have been developed and applied
to field conditions (Hinga et al. 1991; Weiskel and Howes 1991; Strain et al. 1995; Valiela et al. 1997).
In many cases, these models have been developed with a view to providing better tools for decisionmaking in matters of coastal zoning for whole watersheds (Valiela et al. 1997). Regardless, decisions
concerning aquaculture development are still made on a site by site basis. This approach tends to ignore
synergistic interactions among two or more human influences (Myers 1996; Worm and Lotze 2000).
Whole watershed management will require whole watershed information and to date this information
is not available where most salmon farming occurs.
3.3.5c Antibiotics
A broad range of antibiotics (e.g., oxytetracycline, erythromycin, amoxycillin, chloramphenicol,
oxolinic acid, etc.) are used in salmon aquaculture to treat a variety of bacterial infections (e.g., bacterial
kidney disease, furunculosis, bacterial septicaemias). Antibiotics are applied as a bath, injected, or mixed
with the feed. Data on the volume of antibiotics used in fish farming is lacking for most countries except
Norway (GESAMP 1997). Antibiotic use in Norway has dropped from 48,000 kg per year in 1987 to
680 kg per year in 1998 (ICES 1999). Salmon production for the same period increased from 60,000
mt to 400,000 mt. The Norwegian decline is frequently cited as an example of the trend in antibiotic
use in the salmon aquaculture industry (Fossbakk 2000).
This dramatic decline in antibiotic use in Norway is not necessarily reflected in North America,
and analysis of antibiotic use in aquaculture is confounded by lack of public access to data. By the early
1990's, usage in Canada was 200 g/mt (Stewart 1994). In 1996, B.C. salmon farmers used an average
of 165 g of active antibiotic ingredients to produce 1 mt of salmon (Dodd 2000). For 1996, this use
translated to approximately 6.6 mt of antibiotics used in B.C. on total farmed salmon production of
40,500 mt. No data is available for New Brunswick.
Many antibiotics mixed with feed tend not to be absorbed by the fish and are excreted
unchanged in an active form in the feces. Depending on the antibiotic used, between 60 percent to 85
percent of the drug can be excreted through the faeces unchanged (Alderman et al.1994; Samuelsen
1994; Weston 1996). In addition, sick fish tend to have reduced appetites and a great deal of the treated
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feed falls uneaten to the bottom. As a result, a considerable amount of antibiotics can accumulate in the
sediments and be made available to fish and invertebrates attracted to the net pen sites to feed.
Antibiotics vary in their persistence in sediments, which can range from one day to 1.5 years. The most
commonly used antibiotics, oxytetracycline and oxolinic acid, can persist in sediments for 10 - 6 months
respectively (Weston 1996). Hektoen et al. (1994) found that after 180 days, oxytetracycline and the
quinolones - oxolinic acid, flumequine, and sarafloxacin - persisted in the deeper layer of the sediments
at their initial concentration levels, where the residues in the top layer of the sediment depurated more
rapidly.
Wild fish and invertebrates can accumulate antibiotics in their tissues to levels considered
unacceptable for human consumption (Capone et al. 1996). Samuelson et al. (1992) reported oxolinic
acid residues in wild saithe, mackerel, cod, pollock, wrasse, salmon, flounder, cancrid crabs and mussels
persisting for 1-2 weeks after treatment of salmon in net pen farms. Ervik et al. (1994) reported oxolinc
acid or flumequine residues in 84 percent of the 189 saithe tested. Coyne et al. (1997) reported the
uptake of oxytetracycline by blue mussels in the vicinity of salmon farms after treatment of fish. In a
study of the toxic effects of antibacterial agents on algae, Holten Lutzhø ft et al. (2000) reported algae,
particularly cyanobacteria, have a higher sensitivity toward antibacterial agents compared to crustaceans
and fish. The authors recommend that an environmental risk assessment of antibacterial agents should
include a cyanobacteria.
One outcome of wide-spread antibiotic use, whether in animal or human populations, is the
potential for the development of drug resistance among target pathogens. Drug resistence has been
identified for strains of A. salmonicida, the bacteria responsible for furunculosis (Barnes et al. 1994;
Hawkins et al. 1997). Resistence to antibiotics that have accumulated below net pens has also been
reported in natural sediment bacteria (Husevåg et al. 1991; Nygaard et al. 1992; Husevåg and Lunestad
1995; Capone et al. 1996; Kerry et al. 1996). The ecological impacts (e.g., changes to sedimentary
microbial abundance or biogeochemical processes) of antibiotic use in fish farming are virtually
unexamined (Weston 1996; GESAMP 1997 ICES 1999).
There are no published studies on antibiotic residues in sediments under or near salmon farms
or non-target species in the vicinity of the farms in the Quoddy Region. Unlike pesticides (see below),
no government agency in New Brunswick approves or issues permits for the use and administration of
drugs to fish. Instead, drugs are approved federally and authorized for use on individual salmon farms
in New Brunswick by veterinary prescription. The provincial Aquaculture Act requires salmon growers
to report what drugs have been used on their sites at the end of each year. That information is
confidential under the Act.
3.3.5.d Pesticides
Pesticides are used in salmon farming primarily to control sea lice infestations. Roth (2000)
reports that eleven compounds representing five pesticide types are currently being used for sea lice
control in the various salmon producing countries. They include: two organophosphates (dichlorvos and
azamethiphos); three pyrethrin/pyrethroid compounds (pyrethrum, cypermethrin, deltamethrin); one
oxidizing agent (hydrogen peroxide); three avermectins (ivermectin, emamectin and doramectin), and
two benzoylphenyl ureas (teflubenzuron and diflubenzuron). With the exception of hydrogen peroxide,
all the compounds used to control sea lice were first developed for terrestrial agriculture and all of the
compounds are labeled by regulatory agencies as toxic or extremely toxic to aquatic invertebrates and/or
fish.
While most of these products have been used in New Brunswick in the past under temporary
or emergency approvals, only azamethiphos (trade name Salmosan™ ), ivermectin and emamectin (trade
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name Slice™) are now legally used in Bay of Fundy salmon aquaculture. Cypermethrin, not registered
in Canada but approved for use in Maine aquaculture, has also been used illegally (Milewski et al, 1997),
and concern remains that it is still in use on Canadian sites (Antworth, pers. comm).
The federal Pest Management Regulatory Agency reviews and approves externally-applied
pesticides such as azamethiphos for use in Canada. In New Brunswick, the Department of Environment
and Local Government (DELG) issues permits for the application of federally registered pesticides in
specific areas for specific purposes, pursuant to the Pesticides Control Act.
Azamethiphos is an organophosphate pesticide, related to trichloron and diclorvos.
Organophosphates work by impairing the central nervous system of an animal. Tests on non-target
species revealed depressed immune systems in carp (Dunier and Siwicki 1992) and toxicity to shrimp
(Massenger and Esnault, 1992) and zooplankton (Aldermann et al, 1994). Azamethiphos requires only
a 48-hour withdrawal period between treatment and harvest of fish. Cypermethrin, related to pyrethrin,
has the potential to bioaccumulate in the environment and is very toxic to fish, aquatic insects and
crustaceans (Milewski et al, 1997).
Azamethiphos and cypermethrin (and in the past, hydrogen peroxide and pyrethrin) are applied
externally to the fish by means of multiple ‘bath’ treatments. In these treatments, infected salmon are
drawn up to the water surface in tarpaulins and then bathed in chemical solutions. Once the treatment
is completed, the used pesticide solution is dumped directly into the sea water. Repeated applications
are necessary to prevent re-establishment of lice on the host fish.
Pesticide bath treatments release toxic material directly into surrounding waters (GESAMP 1997).
While large volumes of pesticides have been administered this way in the past, use of pesticide bath
treatments has diminished substantially. In 1998, an estimated 50 litres of azamethiphos was used; in
1999, this was 32 litres, and in 2000 the estimated volume is under 30 litres. Instead, there has been
a move to feed-based pesticides such as ivermectin and emamectin. The avermectins are veterinary
drugs used in livestock to treat internal parasites and are regulated by the federal Bureau of Veterinary
Drugs. While they are not specifically approved for use in fish, they are available to veterinarians as an
off-label prescription for fish in their care. Off-label prescriptions are those that prescribe a different
dosage, route, species or length of treatment than those indicated on the label. The veterinarian takes
professional responsibility for the drug’s effectiveness and withdrawal time from the fish (Ellis and
Associates, 1996). Use of these pesticides is not controlled by provincial agencies.
Research on ivermectin reveals that it is toxic to a wide variety of invertebrate animals and is
excreted unchanged resulting in drug-contaminated faeces (Chang, 1994). Uneaten feed containing
pesticides also falls to the bottom and accumulates. Together, these two discharge routes can result in
an accumulation of pesticides in sediments beneath salmon farms. Uneaten medicated feed on the
bottom could be ingested by bottom feeders such as lobsters in the vicinity of salmon farms (DFO 1996).
Ivermectin has a six-month withdrawal period in tissue and does not degrade quickly in the environment
(MAFF, 1995). Salmon are not to be harvested for sale within 180 days of an ivermectin treatment.
Emamectin benzoate (Slice™), like ivermectin, belongs to a class of highly potent pesticide
compounds called avermectins. Their mode of action is to increase neuron permeability to chloride ions
at the site of inhibitory synapses in invertebrates which results in paralysis and death (Roy et al. 2000;
Stone et al. 1999). Like most pesticides used in aquaculture, emamectin was first developed for
terrestrial applications and one of its uses is the control of diamondback moth infestations on cabbages
in Florida (Leibee et al. 1995). Emamectin, applied as a feed additive, is the current preferred treatment
for sea-lice infestations in farmed Atlantic salmon because it is less toxic to fish than ivermectin, more
effective at low temperatures, and more effective than hydrogen peroxide (Stone et al. 2000a; Stone et
al. 2000b).
Emamectin field trials were conducted in New Brunswick against sea lice by the manufacturer
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(Schering-Plough Animal Health, California) and the results were reported at the 1999 annual meeting
of the Aquaculture Association of Canada held in Victoria, BC (Armstrong et al. 1999). At the time of
writing this report, there were no scientific publications in the peer-reviewed literature reporting on the
effects of emamectin on non-target marine species. A 2000/2001 Annual Report from the Scottish
Association for Marine Science / Dunstaffnage Marine Laboratory (SAMS/DML) cites a study done by
Nickell (2000) for the manufacturer of emamectin evaluating the effects of emamectin benzoate on
infaunal polycheates. This report was cited as a non-refereed, internal report. A zooplankton working
group of SAMS/DML has been evaluating the toxicity of sea lice chemotherapeutants on non-target
planktonic copepods. This work is not funded by the manufacturer. As expected, the results to date
suggest that considerable variability in sensitivity exists between species and life stages. Moulting stages
of copepods exposed to very low concentrations (~ 100 ng/L) of teflubenzuron and emamectin caused
mortality and deformity (Willis et al. 2001). The treatment dose used in field and commercial trials of
emamectin was 50 µg/kg (50,000 ng/kg) (Stone et al. 2000b; Armstrong et al. 1999), far above the levels
at which impacts were detected on moulting copepods.
Only one study has been done in the Quoddy Region on pesticide residues in sediments under
salmon cages. Burridge et al. (1999) examined the sediment characteristics under the cages of four
salmon farms. Sediments were sampled at a distance of 25, 50 and 100 m from the cage sites. The
sediments were tested for two legal pesticides (ivermectin and azamethiphos) and one illegal pesticide,
cypermethrin. The methods for measuring these compounds and related substances, however, were
inadequate and unreliable. Therefore, no conclusions were made (Burridge et al. 1999). The authors
recommended that “methods for these [azamethiphos, cypermethrin, ivermectin] and other chemicals
of interest must be developed, tested and validated, and the chemical analytical process must include
internal as well as external (latent) control samples” (Burridge et al. 1999).
In 1996 and 1997, studies were conducted at three sites in the L’Etang Inlet (1996) and three
sites in Passamaquoddy Bay (1997) to examine the dispersion and toxicity of two pesticides
(azamethiphos and cypermethrin) used on salmon farms by using a dye simulation (Ernst et al. 2001).
Depending on the location of release, the dye/pesticide had traveled between 900m and 3000 m and
dye concentrations could be detected between 2 and 5.5 hours after release. The difference in dye
dispersion in Passamaquoddy Bay versus the L’Etang Inlet reflects differences in the oceanographic
features of the two areas, with Passamaquoddy Bay having a longer flushing period than the L’Etang
Inlet. In addition, Passamaquoddy Bay stratifies which tends to prevent mixing with deeper water.
The authors of the dispersion study concluded that the use of azamethiphos for sea lice control
presented a low to moderate environmental risk. However, all samples of cypermethrin, even up to five
hours post-release, were toxic to the test organism (a benthic amphipod) (Ernst et al. 2001). The study
demonstrated that the use of cypermethrin has the potential to create lethal plumes which could cover
up to a square kilometre and, where the plume comes in contact with the intertidal zone, benthic
species, particularly arthropods like crabs and amphipods, could be affected (Ernst et al. 2001).
Twenty years earlier when various pesticides were being evaluated for their potential use in New
Brunswick’s forest spray program, four pyrethroid insecticides including cypermethrin were evaluated
for their potential hazard to the aquatic environment (Zitko and McLeese 1980). The results indicated
that compared to fenitrothion, which was in use at the time and had a relative hazard index (RHI) of 1,
cypermethrin had a RHI of 750. Pyrmethrin and deltamethrin had RHIs of 40 and 35 respectively (Zitko
and McLeese 1980). McLeese et al. (1980) reported that invertebrates were more sensitive than salmon
to pyrethroids.
There is a small body of published research and data on the lethal and sublethal effects on nontarget aquatic organisms (particularly lobsters) of various pesticide compounds used in salmon
aquaculture industry in southwestern New Brunswick (Burridge and Haya 1993; Hogan 1995a; Hogan
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1995b; Hogan 1996; Burridge et al. 1999; Abgrall et al. 2000; Burridge et al. 2000). General
conclusions that can be drawn from these studies are: 1) crustaceans are the non-target organisms most
sensitive to the pesticides; and 2) early life stages of non-target organisms are more sensitive than later
life stages. The ecological implications of these conclusions remain largely unexamined. Very little
scientific, field-generated data exists on the long-term sequential use of pesticides in salmon aquaculture
on non-target species and their subsequent population- or community-level impacts.
In addition to knowledge gaps on the impact of active ingredients in these pesticides, there is a
lack of toxicology data on the so-called “inert” ingredients. Inert compounds act as solvents or carriers
for the active ingredient in pesticide formulations used in bath treatments. These compounds can be
toxic (McLeese et al. 1981; Burridge and Haya 1995) or disrupt endocrine function (Fairchild et al.
1999). In some instances, they can be of greater environmental concern than the active compound
itself.
For example, Burridge and Haya (1995) found that the sea lice pesticide formulation,
Aquagard®, which consists of the solvent di-n-butylphthalate, is more toxic to juvenile Atlantic salmon
than the active ingredient dichlorvos alone. Di-n-butylphthalate (DBP) belongs to a class of compounds
called phthalate acid esters (PAE). PAEs are endocrine disrupting compounds and are on the priority list
of pollutants in Canada and the United States. While Aquagard® is currently not registered for use in
Canada, it has been estimated that approximately eight tonnes of DBP are being released into the marine
environment from global aquaculture use (Roth et al. 1993). Virtually no research has been published
on the impact of solvents or carriers associated with pesticides used presently or formerly in salmon
aquaculture in southwest New Brunswick.

3.3.6

DDT and PCBs: Persistent Organic Pollutants (POPs)

DDT and PCBs, along with 10 other compounds such as dioxins, furans, mirex, aldrin and
chlordane, are categorized by the United Nations Environment Programme as persistent organic
pollutants, or POPs (Fisher 1999). These compounds exhibit a high degree of biological potency and
persistence (Table 3.16). Although levels of POPs in water and sediments may be almost undetectable,
POPs accumulate in organisms and magnify in concentration as they move up the food chain.
For example, a bioconcentration factor of a chemical in a fish of 5,000 results in 5,000 times the
amount of chemical in a fish as in the water. Once absorbed into body fat it is almost impossible to
eliminate POPs. They accumulate in the food chain and can take up to centuries to fully degrade. Once
released into the environment, they are transported around the world through air and water. They have
been identified as a powerful threats to human and wildlife health. In the Bay of Fundy, DDT has been
implicated in the decline of raptor (Christie 1979) and seabird (Wells et al 1996) populations in the
1960s and 1970s by causing thinning of egg shells, and therefore reproduction difficulties (see Chapter
2, section 2.5.3).
DDT residues in marine sediments in the Quoddy Region likely originated from the extensive
provincial forest spaying program of the 1950s and 1960s. Between 1952 and 1968, 85,500 mt of DDT
was sprayed on the forests of New Brunswick (Environment Canada 1991). Agricultural use of DDT was
no doubt another source, although agriculture was not a major activity in the area. As for PCBs, sources
included electrical transformers, leakages of hydraulic fluids and lubricants from electrical equipment in
sawmills, pulp mills, fish plants and ships, and sewage outfalls. By the early 1970s, the use of DDT was
restricted in Canada. Today, it is thought that long range transport through the atmosphere is the main
route of entry for these compounds into Canadian waters. The manufacture of PCBs was not banned
in Canada until the 1980s, but they are still in use in old transformers and fluorescent light ballasts. DDT
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and PCBs continue to be used in other parts of the world.
Concentrations of DDT and PCBs in sediments, invertebrates and fishes have been measured
sporadically over the past three decades in the Passamaquoddy Bay area (Sprague et al. 1969; Zitko
1971; Zitko and Choi 1971; Sims et al. 1975; Zitko and Saunders 1979; Rosenthal et al.1986; Loring
et al. 1998). Longer-term sampling, focusing largely on seabirds and marine mammals, has been
conducted by federal government agencies and other institutions in the outer Bay of Fundy area (Gaskin
et al. 1979; Pearce et al. 1989; Burgess and Garrity 1999).
In 1989, the Gulf of Maine Council for the Marine Environment initiated Gulfwatch, a monitoring
program which measures selected contaminants including DDT (and its homologues DDE and DDD),
PCBs, and chlorinated pesticides such as aldrin, mirex and chlordane and heavy metals, in mussels in
the Gulf of Maine/Bay of Fundy region, including two sites in the inner Quoddy Region (Tables 3.17 and
3.18 ). In 1997, Hospital Island was dropped as the benchmark site because no mussels were found at
this site. Chamcook, in western Passamaquoddy Bay, approximately 1.5 km from Hospital Island, was
designated the benchmark station. Mussels are a good indicator organism for local environmental
monitoring because they are a sedentary species, filtering and consuming local biologically available
contaminants (Chase et al.1998). Contaminant levels in mobile or highly migratory species are more
difficult to interpret as their body loads could reflect exposure in a location other than the sampling site.
Concentrations of DDT and PCBs that induce acute and sub-lethal effects in marine organisms
are not known for most species. The Canadian Tissue Residue Guidelines identify the concentration of
contaminants in aquatic (freshwater, estuarine or marine) life consumed by wildlife (mammals and birds)
that should not be exceeded over the life of the species. For DDT, tissue residue levels in food
consumed by mammals or birds should not exceed 14.0 µg/kg (ppb). For PCBs, the values for mammals
are 0.79 ng TEQ per kg (ppt) diet wet weight, and for birds it is 2.4 ng TEQ per kg (ppt) diet wet weight.
Hansen et al. (1985) showed that the viable hatch in Baltic herring was significantly affected
when exposed to nominal concentrations of DDE (18 ng/g) and PCB (240 ng/g) in the ovaries. Von
Westernhagen et al. (1989) found that ovary concentrations of total DDT and PCBs higher than 20 and
200 ng/g (parts per billion) wet weight, respectively, affected embryo development in North Sea whiting
eggs. Rosenthal et al. (1986) repeated the experiment of Hansen et al. (1985) for fall spawning Atlantic
herring from Grand Manan. PCB concentrations in Grand Manan fish were considerably lower (5.9 44.9 ng/g wet weight) than in Baltic herring (19.0 - 241.0 ng/g wet weight). The Grand Manan study
found that ovarian PCB concentrations were significantly correlated with the viable hatch. However, the
positive correlation was heavily influenced by one female fish with PCB levels in the ovaries of 1207 ng
per gram of fat (Rosenthal et al. 1986). PCBs levels in the fat of ovaries ranged from 168-1207 ng/g of
fat with a mean of 450.6 ng/g of fat.
Zitko and Saunders (1979) examined the effect of PCBs (Aroclor 1254) and other organochlorine
(DDD, DDT, DDE, hexachlor-benzene, dieldrin, and nonachlor) compounds on the hatchability of
Atlantic salmon eggs. Salmon eggs were collected from four rivers - Big Salmon, Magaguadavic (Quoddy
Region), St. John and Rocky Brook - in New Brunswick. They found little difference in hatching success
among eggs in the Magaguadavic, Saint John, and Big Salmon Rivers despite some differences in
respective contaminant levels (Table 3.19). Eggs from Rocky Brook (a tributary of the Main Southwest
Miramichi River) had the poorest hatchability despite the fact that their hydrocarbon levels were lower
than for the other three stocks.
According to the study, Atlantic salmon from the Big Salmon River were believed to spend their
entire sea life in the Bay of Fundy. These fish had the highest concentrations of PCBs and DDE. Atlantic
salmon from the other rivers made extensive sea migrations to Newfoundland and Greenland. The
authors suggest these compounds are taken up by the fish while at sea rather than in fresh water (Zitko
and Saunders 1979).
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Recent sampling of sediments and marine organisms suggests that levels of certain POPs are
decreasing in the Quoddy Region. As reported in Chapter 2 (section 2.6.4) high levels of POPs in
Harbour porpoises measured in the 1970s have declined in recent years, as have levels of DDT in
seabird eggs (section 2.5.3). These declining levels are no doubt a function of increased regulatory
controls and, in most cases, outright bans on their use. It is also possible that disposal of dredged
material by ocean dumping or disposal on land has diluted and redistributed contaminated material.
The continued presence of compounds such as PCBs and DDT in sediments and marine organisms
decades after their final use, however, stands as testimony to their persistence in the environment. PCBs
and other persistent compounds continue to show up in seabird eggs (Wells et al, 1996).
Table 3.16 A guide to some of the POPs.
Type

Related compounds

Source

Status

Biological Effects

DDT

DDD and DDE are
breakdown products
of DDT

a synthetic
insecticide

Registration of all
DDT products was
discontinued in 1985
but the use and the
sale of existing stocks
of DDT products
were allowed until
December 31, 1990

Highly toxic to fish and can affect fish
behaviour

DDE is fat soluble
and most persistent

an estimated 5.7
million kg of DDT
were sprayed
annually on New
Brunswick forest in
the 1950s and 60s

Acutely toxic to birds and can impair
embryo development and cause
feminization and altered sex ratios
In humans it may suppress the immune
system, cause breast cancer and disrupt
endocrine system
Thinning of eggshells in seabirds and
raptors demonstrated in Bay of Fundy.

PCB

209 possible
compounds

used in electrical
transformers,
lubricants, hydraulic
fluids, cutting oils,
paints, varnishes,
inks, pesticides,
plastics, certain types
of paper

Industrial producers
of PCBs voluntarily
cut back production
in 1971
Commercial,
manufacturing and
processing uses of
PCBs were restricted
in Canada in 1977
Importation of
electrical equipment
containing PCBs was
banned after 1980

Main source of human PCB exposure is
through food, especially through the
consumption of fish
PCBs may associate with organic
component of soils, sediments, biological
tissues, or with dissolved organic carbon in
aquatic systems; they accumulate and
magnify as they move up the food chain
PCBs cause embryo deformities,
abnormalities and mortality in fish, birds
and mammals; reproductive dysfunction
and mortality in adult animals; and
endocrine/hormone disruption
Humans effects (especially in children) can
include short-term memory deficits (visual,
verbal, quantitative pictorial); growth and
activity retardation
PCBs are considered human carcinogens
and human endocrine disrupting
compounds
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Table 3.17 DDT residues in mussels in the Passamquoddy Bay/ Fundy Isles area. Sources: Sprague et al. 1969; Gulfwatch:
Sowles et al. 1996 and Chase et al. 1998. Note: ng/g = ppb
Year

Location

DDT (ng/g)

DDE1 (ng/g)

1969
1993

St. Andrews
L’Etang Estuary
Hospital Island

40.0
< 2.0
< 2.0

50.0
< 2.0 - 6.2
< 2.0 - 4.4

Todds Point
<2.0
< 2.0
Lime Kiln Bay
< 0.7 - <1.3
< 1.1 - 6.2
Chamcook
< 0.7 - <1.3
< 1.1 - 3.4
Niger Reef
< 0.7 - <1.6
< 1.1 - 3.6
1
p,p1 -DDE and o, p1 -DDE. These breakdown products of DDT are routinely measured because they are the most fat soluble and the
most easily measured.

1997

Table 3.18 PCB residues in mussels in the inner Quoddy Region. Sources: Gulfwatch : Sowles et al. 1996 and Chase et
al. 1998. Note: ng/g = ppb.
Year

Location

1993

L’Etang Estuary
Hospital Island
Todds Point
Lime Kiln Bay

6.5 - 8.6
2.0 - 4.7
17 - 23
7.2 - 11.6

Chamcook
Niger Reef

0
1.7 - 2.5

1997

Total PCBs (all congeners) (ng/g)

Table 3.19 PCB and DDT residues (µ g/g) in Atlantic salmon eggs from four New Brunswick rivers in 1976. Source: Zitko
and Saunders 1979.
Locale

PCB (Aroclor 1254)

DDE

DDT

Big Salmon
Magaguadavic
St. John

6.48
2.88
2.44

0.48
0.39
0.16

0.40
0.41
0.35

Rocky Brook

1.88

0.19

0.34

3.3.6

PAHs (Polycyclic Aromatic Hydrocarbons)

Of all the contaminants studied in the region, PAHs are found in the highest concentrations. In
1988, Environment Canada’s Water Quality Branch published a summary of the toxic chemical data
collected between 1980 and 1987. The results showed that PAH levels in sediments in the St. Croix
Estuary were the third highest in Atlantic Canada (O’Neill 1988), with levels of 0.8 - 1.3 mg/kg (800 1,300 ng/g). Sydney and Saint John Harbours were first and second, respectively. Blacks Harbour had
a low ranking (ninth) for PAH contamination.
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PAHs are known carcinogens and mutagens. They can also induce sub-lethal effects such as
reproductive impairment, suppression of immune responses, modification of liver enzyme activity, and
affect early life history development (Kirby et al. 2000). PAHs have been proposed as a key group of
substances which are implicated in the development of tumours in fish (Myers et al. 1991; Vethaak et
al. 1996).
This class of chemicals includes a wide range of compounds such as naphthalene, anthracene,
flouranthene, pyrene, and perylene to name a few. They are released into the environment by the
combustion of fossil fuels and wood, industrial processes such as petroleum refining, coal mining and
pulp and paper processing, discharges from sewage plants, oil spills, and leaching from wood treated
with wood preserving compounds such as creosote.
In the 1990s, reports published by DFO and the St. Croix Estuary Project (SCEP) revealed that
at some locations in the St. Croix estuary, PAH levels were higher than measured in the 1980's. Loring
et al. (1998) conducted an assessment of the baseline levels of metallic and organic (PCBs and PAHs)
contaminants in bottom sediments of the St. Croix Estuary and the adjacent Passamaquoddy Bay (Table
3.20). Station 5 (Todds Point) located where the Waweig River, the outflow from Oak Bay and the flow
from the St. Croix River merge, had the highest total PAH level (3144 ng/g). Three stations in
Passamaquoddy Bay and four in the St. Croix River had total PAH levels greater than 950 ng/g.
In addition to the sum of PAH levels in sediments from Passamaquoddy Bay and the St. Croix
Estuary, Loring et al. (1998) also reported on the concentration of specific PAH compounds. Table 3.21
compares these values with their probable effects levels (PELs) as outlined in the Interim Canadian
Sediment Quality Guildelines. PELs define the range of concentrations of various sediment contaminants
that may have a negative biological effect on aquatic organisms associated seabed sediments.
Concentrations measured above these values are expected to frequently demonstrate adverse effects.
In further sampling done by the St. Croix Estuary Project, high levels of PAHs (50 - 5100 ng/g)
were recorded in sediments near the St. Stephen wharf, followed by the St. Andrews wharf (20 - 660
ng/g). The report suggests that higher overall automobile traffic, industrial activity and newly constructed
wharves in these two communities are reasons for the higher results (Bader and Holmes 1999). The
lowest concentrations of PAHs were in Oak Bay, followed by the St. Croix Y acht Club, Bayside Port, and
St. Andrews. The report notes that seven of the 12 PAH compounds measured at the St. Stephen site
exceeded the Interim Canadian Sediment Quality Guidelines for probable effect level (PEL). PELs refers
to the concentration of a particular contaminant where adverse effects are likely. For example, the PEL
for flourene is 20 ng/g. St. Stephen and St. Andrews samples measured 200 and 20 ng/g respectively.
The PEL for pyrene is 1398 ng/g and the St. Stephen sample contained 3050 ng/g of pyrene (Table 3.21).
PAH contamination of marine shellfish living near wharves, marinas, harbours, or areas of oil spill
has been known for many years. Creosote leaches from wharves and can accumulate in the tissues of
animals (e.g., mussels, periwinkles, lobsters) living near wharves (Zitko 1975; Eaton and Zitko 1978;
McLeese and Metcalfe 1979; Zitko 1981; Uthe et al.1984; McLeese 1985). Animals living further away
from wharves have lower levels of PAHs. As a wharf ages less creosote is available in the wood to leach
out. McLeese (1985) found that lobsters held one week in a tidal pound or in crates near some
creosoted wharves accumulated significant levels of certain PAHs, mostly in the hepatopancreas
(commonly referred to as tomalley). Uthe et al. (1984) sampled various PAH compounds in lobsters held
in commercial tidal pounds in Charlotte County for three months and then transferred the lobster to a
creosote-free holding facility for 13 days (Table3.22). Concentrations of certain PAH compounds (e.g.,
pyrene) were substantially lower after thirteen days in clean water. PAH concentrations for all
compounds were considerably and consistently lower in tail muscle than in the hepatopancreas during
impoundment (e.g., 154-167 ng/g of wet weight of pyrene) and after thirteen days in clean water (e.g.,
42-83 ng/g of wet weight o pyrene). McLeese and Metcalfe (1979) established the 96-h LC50 for adult
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lobsters exposed to creosote was 2 mg/L. The concentration of creosote in the hepatopancreas
associated with mortality was 20-50 mg/g of lipid.
Unlike POPs which increase in concentration in successively higher levels of the food chain,
PAHs do not biomagnify but can bioaccumulate. Animals that accumulate PAHs can metabolize and
release these compounds when placed in a clean environment as demonstrated by Uthe et al. (1984).
While very few studies have been done in the Quoddy Region on the toxic effects of PAHs on marine
organisms, considerable research has been done elsewhere, particularly on marine flatfish (e.g., flounder,
dab and plaice) and mussels. Flatfish are bottom-dwelling fishes that come into frequent contact with
the sediment. Although they do migrate offshore, many flatfish species spend six to eight months in
specific estuaries or bays. Therefore, like mussels, they have been used as sentinels of pollution effects
for environmental monitoring programs. Flatfish exposed to sufficiently high levels of PAHs have
exhibited a range of sublethal effects including liver lesions and tumors, suppressed immune responses,
and reproductive disturbances (Widdows and Johnson 1988; Landahl et al.1990; Livingstone et al. 1993;
Chang et al. 1996; Hylland et al 1996; Johnson et al. 1997; Kirby et al. 2000).
Creosoted wood in wharves has been replaced with timber treated with chromated copper
arsenate (Wolmanized lumber). In sea water, copper, chromium and arsenic can leach from this wood,
especially newly treated wood, and accumulate in the sediments where they can be picked up by marine
organisms (Prouse 1994). Recently, Norway banned the use of marine antifoulants using copper in
aquaculture operations.

Table 3.20
Total PAH residues in sediments from
Passamaquoddy Bay and the St. Croix Estuary in 1998.
According to the criteria set by the Norwegian State Pollution
Control Authority, samples from stations 6, 7,9, 13, 15, 17,
and 18 would be considered moderately contaminated
(3PAH 300-2000 ng/g) and samples from stations 5, 12 and
19 would be viewed at markedly contaminated (3PAH 20006000 ng/g). Source: Loring et al. 1998.
Station/Location
5 - Todds Point
6
7
8
9
10

3 (Sum of) PAHs (ng/g)

Substance
anthracene
chrysene
fluoranthene
pyrene

3144
1809

PEL (ng/g) Todd’s Pt. St. Andrews Pass Bay
(Site 19)
245.0
846.0

65
327

47
220

48
244

1494.0
1398.0

689
632

506
423

553
391

359
170
478
146

11 - Brandy Cove
12 - St. Andrews
13
15 - near Deer Island

67
2219
1114
327

17 - Passamaquoddy Bay
18 - Passamaquoddy Bay
19 - Passamaquoddy Bay

961
1108
2220
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Table 3.22 PAH concentrations (ng/g wet weight) in hepatopancreas (tomalley) of lobster held in tidal pound and
transferred to clean water for 13 days ( Charlotte County 1984). The compounds listed are known carcinogens. Source:
Uthe et al. 1984.
PAH Compound

After 3 months in pound

pyrene
15900 - 31200
chrysene
11700 - 14900
benzo(b) fluoranthene
1240 -1690
benzo(a) pyrene

After 13 days in clean water

2980 - 3520
3950 - 15500
564 - 1760

407 - 680

158 - 710

3.3.8 Metals and Metalloids
Metals (e.g., cadmium, copper, lead, mercury, manganese, zinc, etc.) and metalloids (e.g.,
sulphur, selenium, tellurium) exist naturally in the environment, often in low concentrations. Some
metals (e.g., zinc and copper) and metalloids (e.g., selenium) serve biological functions and are
constituents of essential enzymes, vitamins and proteins. Other metals such as cadmium, mercury and
lead have no known biological function. Elevated concentrations of certain metals (e.g., cadmium,
mercury, lead, zinc and copper) and metalloids (e.g., selenium) can be acutely toxic or cause sublethal
effects.
Metals and metalloids do bioaccumulate but may or may not biomagnify (ie. pass through the
food chain to the highest levels in top predators ). In two recent surveys of sediment and mussels in the
St. Croix Estuary and Passamaquoddy Bay, the concentration of certain heavy metals in sediments (e.g.
cadmium, zinc) were approximately 10 times the concentrations found in mussels (Chase et al. 1998;
Loring et al. 1998). Cadmium ranged from 0.03 - 0.18 mg/kg in sediments and from 0.7 - 1.2 mg/kg
in mussels. On the other hand, the concentration of zinc in sediments (48-100 mg/kg) was similar to that
found in mussels (42-79 mg/kg). Mercury, however, is known to biomagnify.
Sources of metals and metalloids in the Quoddy Region include: natural weathering of local
rocks; increased soil erosion due to agricultural and forestry practices; pulp mill discharges, sewage plant
and other industrial effluent; atmospheric deposition; fossil fuel combustion, stormwater runoff and
aquaculture (Dalziel et al. 1998; Loring et al. 1998; Rainer 1999; Sunderland and Chmura 1999; St.
Croix International Waterway Commission 2000; Bugden et al. 2001). Historically, relatively little
sampling of metals in sediments, water and marine organisms has been done in the area. Most heavy
metal sampling in the Quoddy Region has been primarily for mercury and cadmium in harbour
porpoises (Gaskin et al. 1972; Gaskin et al. 1979; Falconer et al. 1983), Atlantic herring (Braune 1987),
birds (Pearce et al. 1979; Elliott et al. 1992) and scallops (Ray and Jerome 1987; Uthe and Chou 1987).
Apart from measuring the concentration and trends in metal levels, very few studies have been done in
this region to evaluate the biochemical or physiological effects of these contaminants on marine
organisms. Elsewhere, a range of lethal and sublethal effects from exposure to metals (e.g., copper,
cadmium or mercury) have been reported in seabirds, marine mammals, scallops, crabs, flounder and
mussels (Boersma et al. 1986; Overnall et al. 1988; Béland et al. 1993; Stewart and Arnold 1994; Coles
et al. 1995).
Concerns about acid rain in the late 1970s and early 80s prompted monitoring programs that
sampled and analyzed the constituents of precipitation, including metals. St. Andrews has been the site
of such a sampling station since 1970. Zitko and Carson (1971) and Sergeant et al. (1981) found the
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concentrations of metals in precipitation low compared to the United States. Sergeant and Zitko (1978)
did find that acidic precipitation (pH<3.8) was falling at the St. Andrews site. Acid precipitation was
defined as precipitation having a pH value of less than 5.6-5.7. Sulphur dioxide and nitrogen oxides are
the principal compounds responsible for the acidification of precipitation. Precipitation is also a major
source of mercury, cadmium and selenium deposition. The largest sources of these pollutants are the
smelting or refining of sulphur-bearing metal ores and the burning of fossil fuels.
Long-range
atmospheric transport from the heavily industrialized northeastern United States was identified as the
source of acidic precipitation in southern New Brunswick.
Beginning in the late 1960s through to the 1980s, worldwide concern emerged over the mercury
(Hg) content of fish used for human consumption. Mercury can occur in a variety of chemical forms:
elemental mercury; inorganic mercury; monomethylmercury; and methylmercury. Methylmercury, the
most toxic form of mercury, tends to accumulate in animals. Long-term health impacts of mercury
include effects on reproduction and development of offspring.
As early as the late 1960's, university, DFO and Canadian Wildlife Service researchers began
gathering data on mercury levels in a range of fish, seabirds and marine mammal species (Zitko et al.
1971; Gaskin et al. 1972; Pearce et al. 1979). As discussed in Chapter 2 (section 2.6.4), in the 1970s,
mercury levels detected in Harbour porpoises in the Quoddy Region were high enough to suggest that
symptoms of mercury poisoning could have been manifested in that population (Gaskin and Smith
1979). Gaskin et al. (1979) reported that mercury levels in Bay of Fundy harbor porpoise between 1969
and 1977 had decreased in 1970-71, remained low for three years, then increased in 1974 and
continued to increase in the following years.
Since then, consistent, long-term monitoring data on levels of mercury in harbor porpoise or
other marine mammals in the Quoddy Region have not been gathered (Percy et al. 1997). On the other
hand, regular (every four years) mercury sampling of seabird eggs has been done by the Canadian
Wildlife Service since 1972. The data show that mercury levels have increased significantly in Leach’s
Storm petrel (Oceanodroma leucorhoa) eggs and the Atlantic puffin (Fratercula arctica) over a 28 year
period. Samples were taken at Kent Island near Grand Manan and Manawagonish Island near Saint John
(Burgess and Braune 2001). Elsewhere, mercury levels in eastern and western Arctic Beluga whales have
double since the mid-1980's (Environment Canada 1996).
The fact that mercury levels in some wildlife have increased may come as a surprise to many
people since considerable progress has been made to eliminate mercury from the discharges of many
waste streams over the past thirty years. Atmospheric deposition is now thought to be the principal
source of mercury in the environment. It is estimated that mercury emissions to the atmosphere have
increased due to increased coal and gas combustion, metal mining and smelting, industrial emissions and
waste incineration. Fleming et al. (2000) examined the patterns and historical rates of increase in
mercury levels in different marine food chains and suggest that jet stream transport of mercury pollution
from North America is the primary cause of mercury contamination in European waters. Mercury
concentrations in the oceans are thought to be approximately three times as high as they were 100 years
ago (Fleming et al. 2000).
Despite emission controls and regulations, acidic and associated metal deposition remains a
problem in the Maritimes, and especially southwestern New Brunswick. Metal deposition is exacerbated
by the action of acidic deposition which leaches naturally-occurring metals from soils. These, in turn,
may run off into surface waters. There also tends to be an increase in lake acidification as a result of
increased combustion of fossil fuels. Lake acidification increases the rate of methylmercury production
by microbes in lake sediments and water, resulting in higher concentrations of mercury in the food chain
(Environment Canada 1996). Breeding loons in the Bay of Fundy area have been reported to have
among the greatest body burden of mercury in North America (Burgess et al. 1998). High levels of
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mercury have been also been reported in River otters and Smallmouth bass in New Brunswick (CCNB
1999). A recent decision by the United States to increase the use of coal for power generation may be
a setback to current efforts to further reduce acid-causing emissions.
Mercury levels are currently monitored in a few marine and freshwater species, however,
mercury can accumulate in all trophic levels (from bacteria to humans) exposed to mercury
contamination. Furthermore, mercury levels will magnify as it moves up the food chain. High mercury
levels in marine and freshwater wildlife have renewed concerns and increased research effort regarding
mercury contamination in the Bay of Fundy region (Sunderland and Chmura 1999; Sunderland and
Gobas 1999; Burgess and Braune 2001).
Selenium, a trace metalloid, is often correlated with mercury in certain tissues, primarily liver,
of aquatic animals such as fishes, birds, and marine mammals (Elliot et al. 1992; Burger and Gochfeld
1999; Kennedy et al. 2000; Bennett et al. 2001; Baines and Fisher 2001). It is considered an essential
micronutrient for many animals, and fish appear to accumulate significant amounts of selenium.
Selenium appears to counteract mercury, especially methylmercury, toxicity in several animal species
by binding with, and inactivating, methylmercury (Stoewsand et al. 1974; Cappon and Smith 1981;
Spalding et al. 2000). The major sources of selenium (Se) contamination are the mining, processing and
burning of fossil fuels. Coal, crude oil, oil shale, coal conversion materials (liquefaction oils and synthetic
gases), and their waste by-products all contain selenium (Kennedy et al. 2000).
In the late 1970s and 1980s, it was recognized that selenium posed a risk to aquatic animals,
particularly early life stages. According to Kennedy et al. (2000), one of the most important aspects of
selenium toxicity is its effects on fish reproduction, which include mortalities of eggs and embryos, and
embryonic deformities and malformation. There is a large body of scientific literature reporting on the
effects of selenium toxicity.
The Canadian Environmental Quality Guidelines specify safe levels of selenium for freshwater
(1.0 µg/L) but do not specify safe levels for marine waters (CCME 1999). Canada has not established
tissue residue guidelines for the protection of wildlife that consume aquata biota. In the United States,
the Environmental Protection Agency has established a range of selenium criterion for the protection of
wildlife: 0.8 - 1.8 µg/g for sediments; 0.03 - 0.17 µg/g for aquatic plants; and 2.5 - 5.1 µg/g whole body,
dry weight for fish (Garcia-Hernandez et al. 2000).
Selenium concentrations in sediments and/or animal tissues have been sampled sporadically in
the Quoddy region, often as part of a larger and broader suite of sampling. For example, Burgess et al.
(2000) sampled nestling tree swallows from several sites in Atlantic Canada. Most metals (e.g Ag, Al,
As, B, Ba, Cr, Co, Ni, U and V) were not detected in swallow livers but selenium was elevated (6.1 µg/g)
at the L’Etang site (Table 3.23). The source of this metalloid was not identified nor was the toxicological
significance of the elevated level discussed. Elliott et al. (1992) sampled liver selenium levels in two
species of seabirds from Kent Island. Selenium levels were higher in Leach’s Storm petrels (75.20 µg/g
± 22.8 µg/g ) than in herring gulls (3.36 µg/g ± 0.62 µg/g). Loring et al. (1998) sampled sediment
concentrations of a wide range of metals and metalloids in the St. Croix estuary and Passamaquoddy
Bay. Selenium concentrations were below the detection limit of 5 µg/g.
Since 1989, mussels have been sampled for heavy metals as part of the Gulf of Maine monitoring
program, Gulfwatch. The data from this monitoring program appears to shows stable or general
decreasing levels of most heavy metals in mussels in the Passamaquoddy Bay area, with copper as the
possible exception (Table 3.24). Interpretation of the results are difficult, however, because the locations
of sampling stations were not consistent from year to year. Heavy metal concentrations in the sediments
of Passamaquoddy Bay/St. Croix Estuary are well below probable effects levels (PELs) outlined in the
Interim Canadian Sediment Quality Guidelines (Table 3.25).
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Table 3.23 Heavy metal concentrations (µg/g) in the liver of tree swallow nestlings. Source: Burgess et al. 2000.
nd: not detected; detection lim its : Cd 0 .35 µ g /g ; P b 0 .0 7 µ g /g .

Location

Cadmium

Copper

Miramichi SM
Miramichi SP

nd
15
Sydney Tar Ponds (NS)

Pictou (NS)
St. Croix (Quoddy Region)

nd
nd

Sydney Harbour (NS)
L’Etang (Quoddy Region)

0.41
nd

Lead

Selenium

Z inc

nd
nd

2.8

62

15
13

nd
nd

2.6
2.6

64
74

12
13

nd
nd

3.8
6.1

69
66

31

0 .12
5.474 nd
10 nd
2.659

Table 3.24 Mean tissue concentrations of heavy metals in mussel (µg/g dry wt) in 1993 and 1997 in the
Passamaquoddy Bay area. Sources: Gulfwatch::Sowles et al. 1996; Chase et al. 1998 .
Year/Location

Pb

Cd

Cu

Zn

Hg

1993 - Todds Point
1997 - Niger Reef

1.4
0.9

2.07
0.7

7.2
7.0

95.25
66.0

1993 - Hospital Is.
1997 - Chamcook

0.94
0.5

1.68
1.2

5.0
5.3

78.4
58.0

2.11
0.16

1993 - L’Etang Estuary
1997 - Lime Kiln Bay

1.74
1.3

2.0
1.1

6.17
7.3

96.3
69.0

1.46
0.17

0.52
0.22

Table 3.25 Concentration of specific heavy metals (µg/g) in the marine sediments of selected sites in the St. Croix
Estuary and Passamaquoddy Bay. Sources: Interim Canadian Sediment Quality Guidelines 2001; Loring et al.
(1998).
Substance
cadmium
copper
lead
zinc

PEL (mg/kg)
45.0
108.0
112.0
271.0

Todds Pt.
0.18
20.0
35.0
97.0

St. Andrews
0.05
12.0
25.0
70.0

Passamaquoddy Bay (Site 19)
0.05
18.0
31.0
98.0

The slight increase in copper levels in mussels from the 1993 sampling period to 1997 in
Passamaquoddy Bay and L’Etang Inlet are likely due to the presence of salmon aquaculture in these
areas (Table 3.24). Copper is used in the aquaculture industry as an antifoulant for equipment such as
nets and boats. Copper is known to leach into the environment from these sources. Bugden et al.
(2001) reported that the presence of salmon aquaculture activity in Pasamaquoddy Bay and L’Etang Inlet
was a significant factor in explaining the enrichment of copper in these areas. Bugden et al. (2001) also
Lotze and Milewski

141

Conservation Council of NB

Two hundred years of ecosystem and food web changes in the Quoddy Region, outer Bay of Fundy

reported significant loading of cadmium, zinc, phosphorus, uranium, and molybdenum above
background levels and suggested that zinc, which is used as a nutritional supplement in fish feed, could
be useful indicator to assess the impact of salmon aquaculture on the surrounding ecosystem. The use
of copper-based antifoulants in salmon aquaculture was recently banned in Norway.
Copper, zinc, cadmium, selenium and a wide range of other metals, are also constituents of fish
waste and food. Naylor et al. (1999) analyzed the chemical composition of fish waste from a
commercial rainbow trout farm and compared the results with beef, dairy cattle, poultry and swine
manure. Fresh fish manure had higher levels of manganese, cadmium, chromium, lead, iron and zinc
than most other livestock manures and lower levels of arsenic, selenium, cobalt and nickel (Naylor et al.
1999). Copper levels in fish manure were similar to all other livestock manures (Naylor et al. 1999).
Fish feed, comprised of fish meal, oils and a wide variety of additives, is also a source of various
metals and metalloids, and other chemical contaminants found in water, sediments and marine
organisms. Zitko and Choi (1971) sampled commercial dry fish food and found PCB levels ranging from
0.15 - 0.25 µg/g. Choi and Cech (1998) reported an unexpectedly high level of mercury (0.03 - 0.09
µg/g) in commercial fish feed. In the same analysis, selenium concentrations in the fish feed ranged from
0.79 - 1.36 µg/g. Between 1992-1994, DFO tested farmed salmon for a number of contaminants and
found mercury (0.03 - 11 µg/g), as well as dioxin (0.18 - 1.07 pg/gm) and PCBs (0.16 - 0.17 µg/g) in
some samples (Milewski et al. 1997). The most likely source of these persistent toxics in farmed salmon
is their food which is largely comprised of wild fish. These levels are in the same range of persistent
contaminants found in wild fish in areas of the Bay of Fundy, ranging form relatively high to rather low.
However, they are an order of magnitude higher than trace levels detected in fish taken from relatively
clean areas of the Bay (Percy et al. 1997).

3.4

Summary and conclusions

Large quantities of organic material (in the form of suspended solids) have been discharged in
the Passamaquoddy Bay/Fundy Isles region over the past 200 years. An estimated three million mt of
suspended solids were released into the St. Croix River from one pulp mill alone over a 60 year period.
Pollution abatement measures to reduce and restrict the discharge of contaminants did not come into
force until the mid- to late-1970's.
A range of chemical contaminants have also been released from point and non-point sources.
The trend over time shows decreased concentrations of some of these compounds, particularly DDT,
PCBs, and dioxins, in sediments and marine organisms. PAH levels remain high in some locations and
there is renewed interest in monitoring mercury levels.
Very few studies have been done to link chemical contaminant loads (body/tissue burdens,
sediments and water) with observed physiological and biochemical effects. The current data provides
only a snapshot of specific local conditions and specific individual responses to some contaminants.
Although this is informative and can be used to show general trends, it is difficult to extrapolate this
information to fish stocks or population-level effects. Furthermore, as this review demonstrates, the
concentration of contaminants in organisms were often not limited to one compound. This fact makes
interpretation of the results even more difficult because the additive, synergistic and antagonistic effects
of different contaminants must also be considered. Parrett (1998) in a comprehensive review of the
pollution impacts on North Sea fish stocks for the European Commission, states the problem succinctly.
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“Establishing that an impact or change in fisheries abundance is
exclusively the result of pollution is extremely difficult. Long-term data
sets go some way to distinguishing between natural and anthropogenic
changes - but even if a trend is identified, establishing a single cause can
be difficult. In addition, biological factors and variation such as sex, age
and reproductive status can obscure data and conceal the effect that
contaminants may have on populations. Determining cause and effect
relationships between biological effect and contaminants is further
complicated by the mobility of fish species.”
This review does identify two areas in the Quoddy Region as “hot spots” where long-term habitat
alteration and contamination have taken place: the St. Croix estuary and the L’Etang estuary. These
areas have been and continue to be the focal points of considerable discharges from a wide range of
sources. Direct and indirect evidence indicates that species composition and abundances in both
estuaries have shifted and changed (Pohle and Frost 1997; Lotze and Milewski 2001- see earlier sections
of this report; Pohle et al. 2001). It also identifies PAHs as the most significant toxic contaminant,
particularly in the St. Croix Estuary.
The physical and oceanographic features of Passamaquoddy Bay (e.g., shallow, cyclonic
circulation, stratified and depositional) suggest that a significant portion of the large volume of organic
material discharged into the Bay over the past 200 years may have remained in the Bay. If this is the
case, several questions about the cumulative and long-term effects of organic enrichment on the benthic
community of Passamaquoddy Bay arise. Are the relatively low redox values now observed in the
sediments of Passamaquoddy Bay (Wildish et al. 1999) “normal” (ie. historic background levels) or do
they reflect a modification from higher redox
values to lower values as a result of two
centuries of high sediment loading into the
Bay?
If the benthic community in
Passamaquoddy Bay has been affected by
two centuries of organic enrichment, where
along the pollution or benthic enrichment
gradient is Passamaquoddy Bay (Fig. 3.4).
The response of marine/estuarine benthic
communities to pollution, specifically organic
enrichment, have been studied for relatively
small (1 - 30 km2) spatial and short (1-5
years) temporal scales (Poole et al. 1977;
Pearson and Rosenberg 1978; Warwick et al.
1990; Clarke and Warwick 1994; Pohle and
Frost 1997; Pohle et al. 2001). Larger
regions such as Passamaquoddy Bay would
Fig. 3.4. Enrichment gradient from Clarke and Warwick, 1994.
benefit from this type of analysis as well.
Finally, if the benthic community structure of Passamaquoddy Bay has changed (e.g., reduced
diversity) over the past 200 years, how have these changes impacted fish populations in the area? Cod
and pollock were known to spawn in Passamaquoddy Bay as late as the 1950s, but those spawning
stocks have since disappeared from the area (Coon 1999). Passamaquoddy Bay provided vital habitat
for numerous other species such as haddock, herring, lobster, scallop, salmon, gaspereau, shad, smelt
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and striped bass. The decline in fish populations began in the early 1960s and the groundfish fishery
gradually dropped off to virtually nothing. After three decades of little fishing activity, and substantial
improvements in the nature and quantity of contaminants released into the Bay (more recent salmon
aquaculture developments notwithstanding), those fish have not re-populated the Passamaquoddy Bay
ecosystem. The question is, why not? One part of the answer to these questions may well be linked to
the gradual changes that may have taken place in the benthic community structure of Passamaquoddy
Bay and the St. Croix Estuary over the past 200 years.
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