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Executive Summary
On Tuesday June 10, 2014 an effluent pipe at Northern Pulp Nova Scotia Corporation [NPR ID (815)]
located at Abercrombie Point, Pictou, Nova Scotia ruptured. The Pipeline runs from the Mill under the
East River, to the Boat Harbour Wastewater Treatment Facility. An estimated 4-5 million litres of raw
effluent was released into the environment.
A visual assessment identified the source of the pipeline rupture and the pathway of the effluent as it
flowed from the source, through a wetland and into the mouth of the East River. MCG staff collected soil
and water samples along this pathway at four locations: the Pipe Break Source, the Wetland, the Pictou
Beach, and the East River estuary. Water samples were tested for TSS, BOD, pH, E.Coli/coliforms, heavy
metals, lead, and mercury. Soil samples were not analysed because the soil was saturated with effluent
during the time of sampling and would likely have demonstrated similar results as the water samples.
Concentrations of lead, mercury and pH levels where found highest at the source and decreased as the
effluent reached the East River. The concentration of TSS was highest in the East River, likely due to waves
and effluent stirring up sediment. The concentration of Carbonaceous BOD was found in the Wetland,
likely attributed to high organic content present before the spill. A heavy metals analysis detected a
diverse number of heavy metals. E.Coli and Total Coliform tests were invalid due to interfering substances
and atypical colors.
Water samples collected from the four locations identified higher than acceptable production rates of pH,
and BOD in accordance with the PPER`s. TSS production rates exceeded PPER’s at the East River location
but this was likely due to turbid water from waves and the flow of effluent. A heavy metal analysis,
including lead and mercury, showed that the effluent contained a variety of heavy metals above the Tier
1 Environmental Quality Standards for Surface Waters for aquatic species. Nova Scotia Environments
Northern Pulp Effluent Leak Rest Results identified that effluent was not acutely lethal. The report also
identified the presence of chlorinated dioxins and furans, but no 2,3,7,8 structures which are to be nondetectable according to the PPER`s. Concentrations of BOD, TSS, and pH found by NSE varied from results
found by MCG, but these differences may be explained by varying locations and time of sampling.
The contamination caused by the effluent in the area surrounding the ruptured pipeline may have
negative impacts to terrestrial and aquatic ecosystems and species. The tide was coming in during the
time the effluent pipe ruptured making it possible for contaminants to have traveled from the East River
Estuary discharge point up to the East River. Sequentially, high tides that afternoon could have carried
contaminants out toward the Northumberland Straight. The most significantly affected area appeared to
be the Wetland because of the visually evident damage to vegetation and because wetlands are dynamic
and productive ecosystems with many essential functions for potential wildlife and vegetation.
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1.0 Introduction
1.1 Background
Northern Pulp Nova Scotia Corporation [NPR ID (815)] operates a Kraft pulp mill located at Abercrombie
Point, Pictou, Nova Scotia. The Kraft process is a multi-step chemical extraction procedure which involves
adding sodium hydroxide (also known as caustic soda or lye) and sodium sulfide to wood chips (Northern
Pulp Nova Scotia, N.D). These chemicals break down the wood, separating lignin and hemi-cellulose from
the cellulose which is used for making paper (Northern Pulp, Nova Scotia Corporation, N.D). One strength
of the Kraft mill process is that many of the chemicals used are recycled. For example, the sodium
hydroxide and sodium sulfide used to break down wood is recovered and used again. Parts of wood that
are not used for papermaking are simmered down into a thick liquid called “black liquor”. Lignin,
hemicellulose, sodium carbonate, and sodium sulfate form “black liquor” (Northern Pulp Nova Scotia
Corporation, N.D). The black liquor is concentrated and then burned to generate electricity (Northern Pulp
Nova Scotia, N.D). Despite this recycling, each stage of the Kraft process produces wastes. Liquid wastes
(effluent) are created at several stages of the Kraft process. Types of effluent from Kraft mills include:
causticizing effluent, puling effluent, paper machine effluent, evaporator foul condensates, digester foul
condensates, and bleaching filtrates (Dusfresne and Laroche 1999). Pulp mill effluent is composed of
complex mixtures of hundreds of compounds, many of which remain unidentified (Culp et. all, 2008).
While the exact constituents of pulp mill effluent are often unknown, some characteristic effluent can be
expected from the Kraft processes. When pulp is bleached at the Kraft mill, the effluent is referred to as
Bleached Kraft Mill Effluent (BKME). The bleaching process leads to the formation of organochlorides.
Effluent from Northern Pulp is transported through a pipeline from the mill site, under the East River, to
the Boat Harbour Wastewater Treatment Facility located in the Boat Harbour lagoon. The lagoon and
treatment facility are located near the Pictou Landing First Nation Mi’kmaw Community on land owned
by the Province. The mill has been treating the effluent at the Boat Harbour site since 1967. The effluent
pipeline, treatment facility, and Boat Harbour’s environmental condition have been a longstanding issue
of dispute between the Pictou Landing First Nation and the Government of Nova Scotia, which owns the
wastewater treatment facility. There has been plans in the past put-forth by the government to close boat
harbor but historically they have fallen through.

1.2 Pipeline Rupture Event
On Tuesday June 10, 2014 the pipeline that runs between Northern Pulp Nova Scotia Corporation [NPR ID
(815)] and the Boat Harbour Wastewater Treatment Facility ruptured resulting in point source pollution
of untreated industrial effluent released into the nearby land and waterways. The pipeline transports an
estimated 90 million liters of untreated effluent per day. The leak is believed to have started during the
early morning hours around 7:00 am. During the presumed time the pipe ruptured on June 10th, the tide
was coming in. High tide (1.7 meters) was estimated at 7:50am, thereafter, the tide went out till 2:40pm
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(Low tide was 0.6 meters) (tides4fishing, 2014). An estimated 4 - 5 million litres of raw effluent was
released into the environment which is equivalent to two Olympic sized swimming pools (2.5 million litres
each). Environment Canada ordered Northern Pulp Nova Scotia Corporation [NPR ID (815)] to clean up
the effluent, enforcing the Fisheries Act. A barricade was erected by Pictou Landing First Nations at the
entry to the road leading to the site of the effluent leak. The barricade was in protest to the treatment
and discharge of effluent in Boat Harbour and to ensure that mill officials consulted with the Pictou
Landing Band Council about Mi’kmaq burial grounds located near the spill. Environmental consultants
were allowed through the barricade to test for contaminants and develop a plan for remediation.
Environment Canada, and other organizations were present to conduct site assessments. After the recent
effluent leak and the protest, the Province has agreed to introduce legislation that will work towards
closing treatment and remediating Boat Harbor. The Bill will be introduce by June 30th, 2015.

1.3 MCG Response
The Pictou Landing First Nation Chief and Council requested the presence of Mi’kmaw Conservation Group
(MCG) staff at the site. On June 10th, 2014 MCG staff, Jillian Saulnier and Kate Nelson, went to the pipeline
break site. They observed the pipeline break and effluent path from the pipe, through a wetland, across
a beach, and into East River estuary. The next day (June 11th, 2014) MCG staff (Matt Lees, Jillian Saulnier,
Angeline Gillis and Christian Francis), collected effluent, water, and soil samples which were sent to
various laboratories for analysis.

1.4 Regulatory Summary
Northern Pulp’s pipeline rupture on June 10th, and the long-term contamination of Boat Harbour, enacts
various Federal and Provincial legislation and regulations. Provincially, the most relevant piece of
legislation is Nova Scotia’s Environment Act. The Environment Act regulates contaminated sites protocols,
and wetland conservation (see Appendix A). Contaminated Sites Protocols provide Tier 1 Environmental
Quality Standards for Surface Water which lists safe concentrations for aquatic species for a variety of
parameters in fresh and marine waters.
Effluent from the pulp and paper industry is regulated federally through the Pulp and Paper Effluent
Regulations (PPER) under the Fisheries Act, and the Pulp and Paper Mill Effluent Chlorinated Dioxins and
Furans Regulations under the Canadian Environmental Protection Act (CEPA) (EC, 2003). The PPER list
three “deleterious” substances that are regulated: the Biological Oxygen Demand (BOD), Total Suspended
Solids (TSS) and toxicity (to a sentinel species) of effluent (EC, 2003). Under the PPER, the Environmental
Effects Monitoring Program (EEMP) also requires that mills monitor the effects of their effluent on the
receiving environment and local aquatic biota (EC, 2003). The Pulp and Paper Mill Effluent Chlorinated
Dioxins and Furans Regulations under CEPA prohibits the release of measurable 2,3,7,8 chlorinated dioxins
and furans (EC, 2003).
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1.5 Goals and Objectives
The goal of this report is to determine the potential impacts the raw effluent on the surrounding
environment. This goal will be achieved by through the following objectives:
1. Identify constituents of the raw pulp effluent and their concentrations;
2. compare results from MCG’s samples to those collected by other agencies to determine
consistency; and,
3. review relevant legislation, regulations and quality standards to determine any exceedances.
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2.0 Methodology
MCG staff first arrived on site to make visual assessments of the effluent leak and path of transport. A
sampling approach was then structured as to provide a profile for the traveled path of the effluent and
the respective contaminant concentrations along it. MCG staff members were able to make observations
and collect water and soil samples using laboratory approved sample vials.

2.1 Observations
At the site of the effluent spill, there were several visual signs indicating the location at which the effluent
pipe was ruptured. Near this site, the effluent had a sludge-like consistency and covered a large area of
vegetation. Visual signs suggested that the effluent flowed downhill from the source of the pipe break,
over a path, through a wetland area, onto a beach, and into the East River estuary. The path of the effluent
was apparent due to flattened and discolored vegetation. There was also an eroded gully from the pipe
to the beach, suggestive of the sudden release of large volumes of liquid. A tree had sunk into the hole
where the pipe ruptured (See Figure 1). Brown effluent was observed flowing over a nearby path and
pooling in wetland and beach areas (See Figure 2). From the wetland, the effluent overflowed across the
beach and entered the East River estuary as shown (Figures 3-4).
The effluent had a strong odor. The strongest odor began a few hundred feet from the rupture site around
to beach and wetland runoff. Mi’kmaw Conservation Group staff noted that the fumes were irritating to
the nose and throat, and some staff reported developing headaches while at the site. A Nova Scotia
Environment (NSE) Inspection Specialist stated that the flow and color of effluent had slowed down and
was much clearer then when he was assessing the site at 11:00am that morning. Local residents stated
that the effluent was seen all the way down to Melmerby Beach but was not directly observed by Mi’kmaw
Conservation Group staff.
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Figure 1: Pipe Rupture site. Note the blown down vegetation and the tree which had collapsed into a pool of effluent.

Figure 2: Wetland Location. Note the pooled effluent filling the wetland and browned vegetation
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Figure 3: Flow from the Wetland onto the Beach. Note the blown down vegetation and color of the effluent.

Figure 4: Picture Flow from the Wetland into the East River Estuary. Note the signs of erosion along the effluent pathway.
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2.2 Sample Locations
Sample locations were chosen at four sites that followed the effluent pathway. They began at the source
of the ruptured pipe to the final discharge into the East River estuary. The sample locations were selected
to provide concentrations along the untreated effluent pathway, intended to delineate a profile of
contaminant transport from the source of the effluent (assumed point of highest concentrations) to the
discharge into the East River estuary. A map of showing the location of the sample sites can be seen in
Figure 3.5. These sites were labeled and will later be referred to as the following:
1.
2.
3.
4.

Site 1 (Pipe Break Source)
Site 2 (Wetland)
Site 3 (Pictou Beach)
Site 4 (East River)

Two water samples for each test were taken at each location for scientific accuracy, but only one sample
was tested to avoid redundancies and reduce cost. Samples were collected by submerging the bottles in
the water until full. Latex gloves, safety glasses and hip waders were worn during sampling to avoid
contact with the raw effluent. Careful consideration was taken to not disturb the waterbed during
sampling to avoid stirring up sediment.
Soil samples were taken from the Pipe Break Source, a woods area between the Source and the Beach,
the Pictou Beach, and the East River. Soil samples were taken using a small hand spade and placed in a
whirl pack (plastic bag). The spade was rinsed with bottled water between samples to prevent cross
contamination between locations. Where applicable, a “wet” and “dry” soil sample was taken. The dry
samples came from a slightly higher elevation than the wet samples where the effluent soaked soil had
started to dry. This was intended to provide a sample more representative of the residual contaminants
that would be left in the soil once the effluent had completely dried. Wet samples came from a lower
elevation where the soil was still completely saturated with effluent. The wet samples were intended to
provide a current state of soil contamination. A map of showing the location of the sample sites can be
seen in Figure 5.
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Figure 5: GIS Map of Sample Locations at the Site Northern Pulp Pipeline Break
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2.3 Soil and Water Quality Analysis
Water samples were sent to three separate facilities: Maxxam Analytics, the Department of Agriculture,
and the Aberdeen Hospital, soil samples did not undergo analysis. Water samples sent to Maxxam
Analytics were tested for heavy metals, mercury and carbonaceous BOD. Samples sent to the Department
of Agriculture were tested for total suspended solids (TSS), pH, and lead (also included in the heavy metals
analysis done by Maxxam). The Aberdeen hospital samples were tested for total coliforms and E.coli.
Water sample bottles specific to the parameters being tested were received from each facility. These
parameters were chosen to be tested based on preliminary research on pulp mill effluent. The following
metrics were chosen:
i.
ii.
iii.
iv.
v.
vi.
vii.

pH - a measure of how acidic or basic a substance is rated on a scale from 0 – 14, 0 being acidic
and 14 being basic
TSS – a measure of filterable solids suspended in water (Droste, 2012)
BOD – a measure of the amount of oxygen required for biological decomposition of organic
matter (EPA, 212b)
Dioxins and Furans - a family of organochlorides typically produced as chemical by-products (HC;
EC, 1990)
Heavy Metals (including lead and mercury ) – metallic chemical elements that can be used as
essential nutrients for life or can be very toxic in small amounts (U.S DOL, N.D)
Fecal Coliforms – coliforms used as an indicator for the presence of fecal matter (EPA, 2014a)
E.coli – harmful bacteria found in the intestines of warm blooded animals (EPA, 2014a)

All four sample locations (Sites 1, 2, 3, 4) were tested for lead, pH, total, coliform bacteria and E.coli. Only
Site 1 (Pipe Break Source), Site 2 (Wetland), and Site 4 (East River) were tested for heavy metals,
carbonaceous BOD, and mercury. Site 3 (Pictou Beach) was not sampled for the above mentioned
parameters to avoid redundancies likely to be shown with Sample 2 (The Wetland) and to reduce the cost
of analysis. It was surmised that Site 3 (Pictou Beach) samples would likely have shown similar results to
Site 2 (Wetland) because it was located between the wetland and East River. TSS was tested for in the
Wetland and East River samples. Table 1 shows a summary of the water quality analysis organized by
sample location and the parameters tested by the respective facilities.
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Table 1: Water Quality Analysis Summary by Site and Facility

Site Location
1

2
3
4

Pipe
Break
Source
Wetland
Pictou
Beach
East
River

Aberdeen
Regional Hospital
Coliform E. coli
Bacteria

Department of
Agriculture
Lead pH TSS

Maxxam Analytics

Total
Collected

Heavy
Metals

Carbonaceous
BOD

Mercury
7/8

3

3

3

3

2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

2

2

2

2

3

3

3

3

3

3

3

3

8/8
4/8
8/8
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3.0 Results
The following section provides results found from water quality analysis from the three testing facilities
(Maaxam Analytics, the Department of Agriculture, and the Aberdeen Hospital). Soil samples were not
analysed, consequently, there are no soil quality results presented in this section.

3.1 Lead
Water samples were tested for lead by the Department of Agriculture and Maxxam Analytics. The highest
concentration of lead was found at the Pipe Break site by both facilities; however, the Department of
Agriculture’s concentration of lead appears substantially higher than Maxxam’s. The lead concentration
declined as the sample sites moved further away from the site of the pipeline break and toward the East
River estuary (See Figure 6). The Department of Agriculture had inconclusive data for the East River site.
The Pictou Beach Site sample was not tested by Maxxam Analytics.

Lead (Pb) Concentrations
0.07

Concentration (mg/L)

0.06

0.059

0.05
0.04
Department of Agriculture

0.03
0.02

0.018

Maxxam Analytics

0.015
0.0087

0.01

0.013

0.011

0
Pipe Break
(Source)

Wetland

Pictou Beach

East River

Sample Locations
Figure 6: Lead (Pb) Concentrations along the Effluent Pathway from the Pipe Break Source to the East River

3.2 pH
Tests for pH were conducted solely by the Department of Agriculture. The pH level at the Pipe Break
Source was found to be the highest (most basic). Levels of pH declined (increased in acidity) gradually as
sample locations moved away from the source and toward the East River. The Pictou Beach and East River
locations had a very similar pH levels (Figure 7).
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pH Levels
Concentration (pH units)

12

11.06
9.97

10

7.60

8

7.47

6
pH (pH Units)

4
2
0
Pipe Break
(Source)

Wetland

Pictou Beach

East River

Sample Locations

Figure 7: pH Levels along the Effluent Pathway from the Pipe Break Source to the East River

3.3 Total Coliform/E. coli
Samples from all four locations were sent to the Aberdeen Regional hospital to be tested for total
coliforms and E. coli. The tests were invalid due to interfering substances in the water and atypical colors
of the samples.

3.4 Mercury
Water samples were sent to Maxxam Analytics to be tested for mercury. The highest mercury
concentration was measured at the Pipe Break Source. Mercury concentrations decreased as the sample
sites moved further away from the source and toward the East River (Figure 8). The Pictou Beach sample
was not tested to reduce cost and redundancies with the Wetland site.
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Total Mercury (Hg)
0.14

0.12
Concentration (ug/L)

0.12
0.1

0.087

0.08

0.065

0.06

Total Mercury (Hg)

0.04
0.02
0
Pipe Break (source)

Wetland

East River

Sample Locations

Figure 8: Mercury Concentrations along the Effluent Pathway from the Pipe Break Source to the East River

3.5 Total Suspended Solids (TSS)
Water Samples were sent to the Department of Agriculture to be tested for TSS. The highest concentration
was measured at the East River site followed by the Wetland (see Figure 9). The source was not tested for
suspended solids because there were a limited number of sample bottles. Priority was given to sample
the Wetland and the East River. Concentrations at the site of the Pipe Break Source would not likely be
representative of effluent concentrations as there was a lot of particulate matter in the water from the
surrounding dirt and sludge and there would be no data in the case of future monitoring to compare this
too because the effluent was going to be pumped out. The Pictou Beach sample was not tested to reduce
cost and redundancies with the wetland site.
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Total Suspended Solids (TSS)
60

Concentration (mg/L) [S]

52
50
40
30
20

Total Suspended Solids (mg/L)

17

10
0
Wetland

East River

Sample Locations

Figure 9: Total Suspended Solids (TSS) Concentrations at the East River and Wetland Sites

3.6 Carbonaceous Biological Oxygen Demand (BOD)
Carbonaceous BOD was measured by Maxxam Analytics. The highest concentration of BOD was measured
at the Wetland followed by the Pipe Break Source with only 10mg/L separating the two. The East River
had the lowest measured BOD concentration. The Pictou Beach sample was not tested to reduce cost and
redundancies with the Wetland site (See Figure 10).
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Carbonaceous BOD
130

140

120
Concentration (mg/L)

120
100
80

50

60

Carbonaceous BOD
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20
0
Pipe Break (Source)

Wetland

East River

Sample Locations

Figure 10: Carbonaceous BOD Concentrations along the Effluent Pathway from the Pipe Break to the East River

3.7 Heavy Metals
Table 2 shows a complete list of heavy metals tested by Maxxam Analytics and the concentrations
measured at the Pipe Break Source, the Wetland and the East River. The Pictou Beach sample was not
tested to reduce cost and redundancies with the Wetland site. There was no detection of Total Tin (Sn),
Total Antimony (Sb), Total Beryllium (Be) or Total Bismuth (Bi).
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Table 2: Heavy Metals Concentrations along the Effluent Pathway from the Pipe Break to the East River
*ND – Not detected

Metals (ug\L)
Total Aluminum (Al)
Total Antimony (Sb)
Total Arsenic (As)
Total Barium (Ba)
Total Beryllium (Be)
Total Bismuth (Bi)
Total Boron (B)
Total Cadmium (Cd)
Total Calcium (Ca)
Total Chromium (Cr)
Total Cobalt (Co)
Total Copper (Cu)
Total Iron (Fe)
Total Lead (Pb)
Total Magnesium (Mg)
Total Manganese (Mn)
Total Molybdenum (Mo)
Total Nickel (Ni)
Total Phosphorus (P)
Total Potassium (K)
Total Selenium (Se)
Total Silver (Ag)
Total Sodium (Na)
Total Strontium (Sr)
Total Thallium (Tl)
Total Tin (Sn)
Total Titanium (Ti)
Total Uranium (U)
Total Vanadium (V)
Total Zinc (Zn)

Site #1 – Pipe
Break Source
12000
*ND
9.9
220
*ND
*ND
69
0.89
17000
11
8.1
37
9800
18
2400
1100
82
17
750
8400
2.8
0.19
210000
37
0.24
*ND
110
2
16
72

Site #2 - Wetland
2200
*ND
6
150
*ND
*ND
72
1.1
21000
3.5
1.6
11
2100
8.7
2400
790
100
6.9
1000
12000
6.8
0.18
320000
63
0.5
*ND
25
1.2
7.5
78

Site # 4 - East
River
820
*ND
7.8
310
*ND
*ND
830
0.53
99000
2.1
2.2
13
2300
11
200000
3100
37
5.3
410
66000
2.4
*ND
1800000
1300
0.11
*ND
15
1.9
7.5
26
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4.0 Discussion
It is a challenge to determine the effluents impacts on the local environment because of the ambiguity
regarding the exact contents of the untreated effluent and lack of baseline environmental conditions. This
was also the first time MCG staff had responded to conduct an emergency assessment of potentially
hazardous contaminants. For these reasons, there are several uncertainties regarding sampling
procedures and the consistency of data collected. Despite these limitations, MCG can make inferences
on the composition and impact of the raw effluent released into the environment.
The following sections highlight uncertainties in the results from the water quality analysis, describes
potential impacts on the environment, and identifies any legislative or regulatory breeches. Careful
consideration was taken by MCG staff while collecting samples, but there are potential sources of error
and variations in results. Soil samples were not chosen for analysis because they were saturated with
effluent during the time MCG collected samples (even dry samples were soaked with effluent) and would
likely have provided similar results to the water samples collected at the respective locations. To avoid
redundancies and reduce cost of analysis, soil samples were not tested.

4.1 Water Quality Analysis
4.1.1 Lead
Lead concentrations were inconsistent between samples analysed by Maxxam Analytics and the
Department of Agriculture. Variations in results from the two facilities could be explained from alternate
methods of analysis with different accuracies. Samples sent to the two facilities were also collected
separately which could explain why the lead concentrations were inconsistent. Contaminated Sites
Protocols provide Tier 1 Environmental Quality Standards for Surface Water lists safe concentrations for
aquatic species for a variety of parameters in fresh and marine waters. According to these standards, lead
concentration should be 0.002 mg/L for marine waters, and 0.001 mg/L for fresh water resources. Lead
concentrations for all four sample locations exceeded these standards.
Lead is classified as a toxic substance, regulated under the Canadian Environmental Protection Act (CEPA,
1999) Small amounts of lead can be harmful to humans and wildlife (US EPA, 2011). . Lead is also bioaccumulative, which means it accumulates in organisms and persists in the food chain (EPA, 2011).
Currently, the main exposure to lead for Canadian adults is through drinking water and food (HC, 2013).
Paper and pulp mill effluent is a major source of lead released into water; this industry is estimated as the
second largest contributor of Lead to the Canadian environment (EC, 2003).
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4.1.2 pH
The effluent at the Pipe Break Source was found to be basic with a pH of 11.06. As the effluent traveled
towards the East River pH levels declined, likely attributed to dilution stemming from the Wetland and
East River. According to the NSE’s Northern Pulp Effluent Leak NSE Test Results (2014a), the approval rate
for pH levels in Northern Pulp’s effluent is between 6 and 9. The Pictou Beach and East River samples were
within these standards. The Pipe Break Source and Wetland samples exceeded the approval rates showing
pH levels above above 9.
The Environmental Protection Agency (EPA) states that pH can affect water’s chemical and biological
processes. Different aquatic species require various levels of pH in order to survive, therefore, variations
in pH may have adverse effects on aquatic species (EPA, 2012a). Species at different stages of maturity
will also have varying tolerances to pH levels. For example, in Atlantic salmon, fry experience higher
mortality rates at lower pH levels than Parr and smolts (Farmer, 2000).

4.1.3 Total Coliforms/E. coli
Total Coliforms and E.Coli were chosen for analysis to determine if there was any sewage being directed
into the plants effluent treatment rather than the municipal wastewater treatment. The tests were invalid
due to interfering substances in the water and atypical colors of the samples.

4.1.4 Mercury
Mercury measured at the source of the effluent spill represents the levels found in the raw effluent
(assuming the surrounding soil had no naturally occurring mercury levels). Mercury concentrations
decreased as the effluent moved toward the East River, becoming more diluted. The Environmental
Quality Standards for Surface Waters identified safe concentrations of mercury for aquatic species should
be 0.016 mg/L for marine waters and 0.026 mg/L for fresh water resources. All measured mercury
concentrations were above these standards.
Mercury is considered a toxic substance and can have serious impacts at low concentrations on aquatic
and terrestrial ecosystems. In the form of methyl mercury, it can be transferred to higher order species
through bioaccumulation (EC, 2013). Mercury can impact wildlife in a variety of ways including mortality,
reduced fertility, slower growth and development, and abnormal behavior (EPA, 2014b). Mercury can also
impact the endocrine system in aquatic species which effects development and reproduction (EPA, 2014b)

4.1.5 Total Suspended Solids
Samples for TSS were collected at the Wetland and the East River; a higher concentration of TSS was
measured at the East River. Waves and tidal activity at the sample location near the shore could have
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stirred up sediment causing excessive turbidity making the sample un-representative of the effluents
concentration. Using the measured concentrations of TSS, the production rates were calculated based on
Northern Pulp’s effluent flow rate (90,000,000 L/day). Calculations are shown in Appendix B. The PPER’s
regulate the TSS production rate based on the plants overall production rate. According to NSE’s Northern
Pulp Effluent Leak Results (2014a), the approval TSS production rate for the plant is 4,100 kg/day. TSS in
the Wetland was below this rate though the East River sample exceeded it, Table 3 shows a regulatory
comparison. The Wetland site proceeded the East River site so the assumption can be made the
concentration of TSS in the raw effluent was not the cause of the higher turbidity at the East River site. It
is more likely that the higher TSS at the East River was caused by the flow of the effluent itself stirring up
particulate matter from the ground, and waves crashing on shore stirring up sediment.
Elevated TSS can have negative impacts on aquatic plant and animal species. Turbid water can reduce the
amount of light transmittance through the water which can have adverse effects aquatic plant causing
disruptions to photosynthetic processes and reducing food availability for fish. High levels of suspended
sediment can clog fish gills, affect swimming, and reduce visibility in fish (particularly affecting sight
feeders) (Robertson et all, 2006). Diminished habitat quality has the most significant impacts on spawning
grounds (Robertson et all, 2006).

Table 3: TSS Production Rate Regulatory Summary

Production Rate
Approval (kg/d)
4,100

Calculate BOD Production
Rates (kg/d)
Wetland
East River
1,530
4,500

4.1.6 Carbonaceous BOD
The BOD concentration was highest in the Wetland, followed by the Pipe Break Source and then the East
River site. The BOD concentration at the source of the effluent spill was intended to be representative of
the organic content in the pulp waste. The Wetland showed a higher concentration of BOD than the
Source, which may be attributed to naturally higher levels of organic material already present, though the
pulp effluent may have elevated these levels. Using the measured concentrations at each sample location
and Northern Pulp’s effluent flow rate (90,000,000 L/day), the production rates of BOD were calculated
(see Appendix B). The PPER’s regulate the BOD production rate based on the plants overall production
rate. According to NSE’s Northern Pulp Effluent Leak Results (2014a), the production approval requirement
for Northern Pulp is 3960 kg/day. The calculated BOD production rates for both sample locations exceeded
the approval requirement. Table 4 shows a regulatory comparison of production rates.
If oxygen is consumed at a higher rate than the atmosphere can reaerate the water, then the amount of
dissolved oxygen (DO) in the water will decline. Declining DO levels can have adverse effects on aquatic
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plant and animal species which require certain levels of dissolved oxygen to survive. Low DO can cause
avoidance, weakness or death in fish. Overall water quality will decline with DO causing poor aesthetics
such as odor, high turbidity, reduced water levels and discoloration. (EPA, 2012b)

Table 4: BOD Production Rate Regulatory Summary

Production Rate
Approval (kg/d)
3960

Calculate BOD Production Rates (kg/d)
Pipe Break Source Wetland East River
10,800
11,700
4,500

4.1.7 Heavy Metals
A complete heavy metals analysis was conducted to provide insight into any unknown constituents in the
raw effluent. The majority of the heavy metals were detected except for Total Tin (Sn), Total Antimony
(Sb), Total Beryllium (Be) and Total Bismuth (Bi). Metals detected at the Pipe Break Source are intended
to be representative of the raw effluent. Metals that are found only in the raw effluent should show the
highest concentrations at the Pipe Break Source and decrease as the effluent reaches the East River with
dilution; however, some metals showed elevated concentrations at the Wetland and East River. These
elevations may be explained by naturally occurring heavy metals at these locations. For example, the
highest concentration of phosphorus was found in the Wetland, likely because of heavy vegetation and
plant nutrient cycling that naturally occurs at that site. Total concentrations of barium, boron, cobalt,
nickel, strontium, thallium, and uranium all fell below the Tier 1 Environmental Quality Standards for
Surface Waters at all three measured sample locations (Pipe Brake Source, Wetland, and East River) for
both fresh and marine waters. All other heavy metals exceeded these standards for at least one location.
See Appendix C for a complete heavy metal comparison to the Environmental Quality Standards for
Surface Waters.
Heavy metals are naturally occurring substances that can be found in water, the type and concentration
of which varies based on the land’s geology. Some metals can be used as essential nutrients while others
can be very toxic in miniscule amounts. When the metals are at toxic concentrations they can have serious
impacts on aquatic organism’s survival, reproduction and behavior (EPA, N.D).

4.2 Nova Scotia Environment Northern Pulp Effluent Leak Test Results
The Nova Scotia Department of Environment (NSE) released test results from Northern Pulp’s raw effluent
spill sample on July 11, 2014. NSE tested for BOD, TSS, pH, acute toxicity, dioxins and furans. Samples were
taken from three locations: the Wetland, the East River Discharge Point, and Melmerby Beach. It was
found that the production rate of TSS and BOD, calculated based on measured concentrations, were
higher than the plants approval rate in the Wetland. TSS exceeded the approval rate in the East River
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discharge point. An acute toxicity test showed that the effluent was not toxic at the Wetland; lab errors
affected the analysis of the other two sample locations. It was concluded by NSE that these sites would
be more diluted than the Wetland because they proceeded it, making them non-toxic. The pH levels at all
sample sites fell within the acceptable range (6-9). Dioxins and Furans were detected but there was no
presence of 2,3,7,8 TCDD/TCDF. Chlorinated 2,3,7,8 structures of dioxins and furans are extremely toxic
to mammals, causing death from exposure with as little as one microgram to a few milligrams per kilogram
of body weight (HC, 1990). These structures can also accumulate in the fatty tissue of animals, and have
been linked to cancer in humans (HC, 1990). It was mentioned in the report that effluent likely did not
reach the Melmerby Beach. The Wetland and East River are two common sample locations between MCG
and NSE. Common tests are compared in Figures 11 through Figures 13.
The Wetland showed similar concentrations of BOD for both MCG and NSE; MCG’s sample had a higher
concentration. MCG’s BOD measurement was significantly higher at the East River location. Differences
in the exact sample locations could cause the variance in concentrations. The surface area of the Wetland
was large and samples taken from different areas may vary in concentration. MCG and NSE both collected
a sample from the East River, but this is a very large area and actual sample locations could vary. MCG
collected samples in East River’s estuary close to the shore near the effluent discharge (See Figure 11),
but NSE may have collected samples elsewhere. MCG and NSE likely collected samples at different times
which could affect the concentrations attributed to factors such as effluent flow rate, settlement, and
tidal activity.

BOD Comparison
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Figure 11: BOD Sample Comparison between MCG and NSE at the Wetland and East River Sample Locations

The TSS concentration measured by NSE at the Wetland was significantly higher than the MCG sample
with a difference of 65 mg/L. The East River samples are more comparable with 13 mg/L separating the
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two. The MCG Wetland sample was located in the middle of the wetland near its edge. The time in which
the TSS samples were taken may affect the concentration because the longer the effluent remains in the
Wetland, the more time particulate matter has to settle. TSS concentrations measured at the East River
location, similar to the Wetland, may vary with the sample location. It should be noted that during the
time MCG Sampled waves reaching the shore could have stirred more particles into the water column,
potentially increasing the suspended particles present in the water. Figure 12 shows a comparison of
MCG’s and NSE’s TSS sample results.
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Figure 12: TSS Sample Comparison between MCG and NSE at the Wetland and East River Sample Locations

The pH levels measured by MCG at the Wetland were higher than NSE’s. Samples collected at the East
River were comparable. The time and location in which the samples were taken could explain the
difference in pH. Figure 13 shows a comparison of pH measured by MCG and NSE.
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Figure 13: PH Sample Comparison between MCG and NSE at the Wetland and East River Sample Locations

4.3 Impacts by Location
Samples at the source of the effluent leak (the Pipe Break Source) were intended to show the point of
highest concentration for any contaminants originating from the raw effluent. As the effluent traveled
from the source towards the East River it was assumed the effluent would become diluted by water or
adhere to the soil. Levels of PH, mercury and lead among many other heavy metals demonstrated the
highest measured concentrations at the source. Soil and vegetation at the source will likely retain many
residual contaminants.
The most significant impact resulting from the effluent leak appears to be the damage to the Wetland.
Large quantities of effluent pooled in the Wetland causing it to overflow. The visual assessment identified
dead large areas of dead and blown down vegetation. According to NSE (2014b), wetlands are one of the
most productive and dynamic ecosystems. The loss of a wetland could have negative impacts on local fish
populations, wildlife and the vegetation they depend on for food (NSE, 2014b). Wetlands also provide
many useful functions such as water quality improvement, flood control, groundwater recharge, and
provide habitats for endangered species (NSE, 2014b).
Effluent flowing into the mouth of the East River Estuary may have negative impacts to aquatic species.
At the immediate point of effluent discharge into the East River, there were higher than acceptable
concentrations of contaminants. During the presumed time of the pipeline rupture, the tide was coming
in, potentially flushing contaminants into the East River. Sequentially, high tide that afternoon could have
transported effluent into the Pictou Harbor and Northumberland Straight. It should be noted however
that water from the estuary would significantly dilute the raw effluent.
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5.0 Conclusion and Recommendations
5.1 Conclusions
On June 10th, Northern Pulp Nova Scotia Corporation’s effluent pipe ruptured and released raw effluent
into the surrounding area, causing potential threat to the health of the surrounding environment and
wildlife. MCG staff tested for parameters that would provide some insight into the effluents composition
and environmental impact. MCG`s water sample results showed the effluent was composed of higher
than acceptable levels of pH, and BOD for production rates in accordance with the PPER`s. A heavy metal
analysis, including lead and mercury, showed that the effluent contained a variety of heavy metals, many
of them above the Tier 1 Environmental Quality Standards for Surface Waters for aquatic species. In
summation, Federal (Fisheries Act and CEPA) and Provincial (the Environment Act) standards have been
exceeded for pulp effluent and environmental water quality.
The most significant impact resulting from the effluent leak appears to be the damage to the Wetland
because of its many beneficial and essential functions. Large quantities of effluent pooled in the Wetland
causing it to overflow, blowing down and killing vegetation. At the immediate point of effluent discharge
into the East River there were higher than acceptable concentrations of contaminants, but the effluent
will become diluted as it is flushed throughout the estuary.

5.2 Recommendations

Several recommendations can be made regarding the management and future monitoring of the
contaminated areas surround the site of the effluent leak. The Environment Act oversees the
Contaminated Sites Protocols Oder and the Contaminated Sites Regulations (see Appendix A). The
Contaminated Sites Regulations reference the use of the Canadian Council of Ministers of the
Environment (CCME) documents that provide a National Classification System for contaminated sites. The
CCME Guidelines for contaminated sites provides “a method for evaluating contaminated sites according
to their current or potential adverse impact on human health and the environment” (CCME, 2008);
however, in order for these to be enforced, the pipe burst site, surrounding area, and Boat Harbour will
need to be listed as a contaminated site.
The management of this contaminated site is the responsibility of Northern Pulp and the agency hired to
conduct the remediation, though several recommendations can be made for future sampling and
monitoring surrounding of the site. Moving forward, MCG should develop a protocol for emergency
response sampling for events similar in nature in the case this type of study is required again. Soil samples
should be collected in the future to determine any residual contaminants. Water samples should be taken
and compared to data established upon the time of contamination. Local fish populations should be
monitored to ensure there are impacts on aquatic species. The loss of vegetation in the surrounding area,
and loss of the Wetland may have negative impacts on local wildlife. The presence and populations of
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wildlife prior to the leak may be established so impacts to these species can be monitored. The conditions
of the Wetland prior to the effluent leak should be established to determine the extent of the damage.
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Appendix A – Regulatory Summary
Federal Environmental Legislation
x
x

Canadian Environmental Protection Act (CEPA). 1999.
Fisheries Act

Environment Act (Nova Scotia) – Drinking Water and Wastewater Regulations
x
x
x
x
x
x

Water and Wastewater Facility Regulations
Activities Designation Regulations
Approvals Procedure Regulations
On-Site Sewage Disposal Systems Regulations
Well Construction Regulations.
Nova Scotia Wetland Conservation Policy

Relevant Provincial Environment Regulations in Environment Act
x
x

Environmental Emergency Regulations made under Sections 74, 136 and 171 and
subsection 122A(3) of the Environment Act S.N.S. 1994-95, c. 1 O.I.C. 2013-17 (January
22, 2013), N.S. Reg. 16/2013
PCB Management Regulations made under Section 84 and other regulation making
Sections of the Environment Act S.N.S. 1994-95, c. 1 O.I.C. 95-291 (April 11, 1995), N.S.
Reg. 52/95 as amended by O.I.C. 97-747 (December 2, 1997), N.S. Reg. 163/97

Contaminated Site Assessment
x

Contaminated Sites Protocols Order made under clause 8A(1)(c) and Section 90 of the
Environment Act S.N.S. 1994-95, c. 1 N.S. Reg. 244/2013 (July 3, 2013, effective July 6,
2013)

x

Contaminated Sites Regulations made under clause 25(1)(g) and Section 91 of the
Environment Act S.N.S. 1994-95, c. 1 O.I.C. 2012-60 (March 6, 2012, effective July 6,
2013), N.S. Reg. 64/2012
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Appendix B – Production Rate Calculations
TSS Production Rate at Wetland (Eq. 1)
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TSS Production Rate at East River (Eq.2)
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BOD Production Rate at Pipe Break Source (Eq.3)
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BOD Production Rate at Wetland (Eq.4)
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BOD Production Rate at East River (Eq.5)
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Appendix C – Heavy Metal Surface Water Quality Standards Comparison
Maximum acceptable concentrations (MAC’s) for Tier 1 Environmental Quality Standards for Surface
Waters that have been exceeded are highlighted in blue. Samples that have exceeded an MAC are
highlighted in red.
Table C.1 Tier 1 Environmental Quality Standards for Surface Waters Comparison to Heavy Metals
Analysis
*ND – No Data
-------- No MAC

Metals (ug\L)

Surface Water
Standards
Fresh
Marine
Water
Water

Site #1 – Pipe
Break Source

Site #2 Wetland

Site # 4 East River

Total Aluminum (Al)
Total Antimony (Sb)
Total Arsenic (As)
Total Barium (Ba)
Total Beryllium (Be)
Total Bismuth (Bi)
Total Boron (B)
Total Cadmium (Cd)
Total Calcium (Ca)
Total Chromium (Cr)
Total Cobalt (Co)
Total Copper (Cu)
Total Iron (Fe)
Total Lead (Pb)
Total Magnesium
(Mg)
Total Manganese
(Mn)
Total Molybdenum
(Mo)
Total Nickel (Ni)
Total Phosphorus (P)
Total Potassium (K)
Total Selenium (Se)
Total Silver (Ag)
Total Sodium (Na)

5
20
5
1000
5.3

-------500
12.5
500
100

1200
0.01

1200
0.12

-------10
2
300
1

--------------2
-------2

12000
*ND
9.9
220
*ND
*ND
69
0.89
17000
11
8.1
37
9800
18
2400

2200
*ND
6
150
*ND
*ND
72
1.1
21000
3.5
1.6
11
2100
8.7
2400

820
*ND
7.8
310
*ND
*ND
830
0.53
99000
2.1
2.2
13
2300
11
200000

820

--------

1100

790

3100

73

--------

82

100

37

25

8.36

1
0.1

2
1.5

17
750
8400
2.8
0.19
210000

6.9
1000
12000
6.8
0.18
320000

5.3
410
66000
2.4
*ND
1800000
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Metals (ug\L)

Surface Water
Standards
Fresh
Marine
Water
Water

Site #1 – Pipe
Break Source

Total Strontium (Sr)
Total Thallium (Tl)
Total Tin (Sn)
Total Titanium (Ti)
Total Uranium (U)
Total Vanadium (V)
Total Zinc (Zn)

2100
0.8
--------

-------21.3
--------

300
6
30

100
50
10

37
0.24
*ND
110
2
16
72

Site #2 Wetland

63
0.5
*ND
25
1.2
7.5
78

Site # 4 East River

1300
0.11
*ND
15
1.9
7.5
26
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