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EXECUTIVES~RY 

------~-- -.. 

A study was conducted to determine lhe water quality of the Nut Brook drainage basin 
of the Kelligrews River. This basin has a number of sources of possible water quality 
degradation. Results of this study indicate both surface water and groundwater quality 
deterioration in the Nut Brook sub-basin of the Kelligrews River system. Water quality 
deterioration is most obvious in the Nut Brook valley adjacent to the CBS landfill site and down 
gradient from salt storage sheds and a rendering plant. Water quality improves downstream of 
this area, but still exhibits characteristics of a highly impacted system. Results demonstrate that 
that elevated concentrations of sodium chloride in surface water and groundwater are sourced 
from the salt storage sheds, while elevated nutrients concentrations are sourced from the landfIll 
and rendering plant. Results also indicate thallhe landfill and the Department of Works, Services 
and Transportation depot are the source of elevated metals concentrations in Nut Brook surface 
walers. High coliform bacterial levels are also observed near the landfiJ I and sewage treatment 
slation. 
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1.0	 INTRODUCTION•


•
In recent years the Kelligrews River has been the subject of public auention and concern 

due to a perceived pollution polential from industrial activities located in the Nut Brook sub
walershed. These activities consist of a municipal waste site, a salt storage depot, a rendering •
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•
 
•

•
 

plant, a derelict vehicle storage site, and a sewage dewatering centrifuge facility. .Besides 
detracting from the Kelligrews River aesthetic value, water quality deterioration in the river 
could pose a health risk for people in the area utilizing groundwater as a water supply source, 
as well as for people who use the river for recreational activities, such as swimming, bathing, 
and fishing. The Conception Bay South Municipal Park, lCK:atCd near the mouth of the 
Kelligrews River, has been in operation for about 12 years. The KeUigrews River widens at one 
point to fonn a swimming pool in the municipal park. 

The potential hazards to public health as a result of the conflicting uses of the river have • 
come to light over the past several years. Several articles expressing concern about 
contaminated surface and well waters, and health risks associated with the use of the swimming 
pool have appeared in local and provincial newspapers. In response to concerns expressed by 
the residents of Conception Bay South, the Water Resources Management Division of the 
Department of Environment and Lands carried out a limited surface water and groundwater 
sampling program in the faIl of 1993. The study was intended to provide a preliminary 
characterization of the location, extent, and severity of water quality degradation in the 
KeUigrews basin. 

1.1	 Previous Work 

A number of previous reports have been prepared for the area by both academic and 
government agencies. A study conducted by the Department of Environment and l..ands from 
1978 to 1981 found elevated level of various chemical parameters in surface waters in the 
vicinity of the landfill. Lake sediment sampling done by the Department of Mines and Energy 
showed anomalous concentrations of uranium and some other metals. However anomalous 
concentrations of uranium could not be found in either soils samples (Sherwin in Drover 1993) 
or in the underlying bedrock. Houle (1985 in Drover 1993) suggested groundwater may be 
responsible for the mobilization and deposition of uranium in the bollom sediments. MacLeod 
(1992 in Drover 1993) took bottom core sediments from Nut Brook Pond and proposed a 
mechanism Whereby groundwater entering the pond was the transport vehicle for elevated 
uranium concentrations in core samples. A 1992 stUdy of lite KelIigrews River municipal park 
swimming pool by the Depanment of Environment and Lands concluded that no Canadian 
Council of Ministers of the Environment water quality guidelines for recreational water use were 
exceeded. Griffin (1988 in Drover 1993) compared the geocheml>try of the Kelligrews and 
lower Gullies River drainage systems and concluded that stream water chemistry in the 
KeUigrews River drainage basin was being altered as a result of anthropogenic inputs. Drover 
(1993) collected surface water samples from the Nut Brook drainage area and sediment samples 
from Nut Brook Pond. He concluded that: 

~	 The local geochemical environment of the Nut Brook drainage basin had been
 
significantly altered by anthropogenic sources, particularly in the lower part of the
 
drainage area.
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High concentrations of sodium and chloride in the surface waters of the basin are the Figure 1. I and 1.2 
result of salt-laden groundwaters, sourced in the region of the salt storage sheds. 
Peak uranium concentrations are the result of precipitating uranium from groundwater. 

Fig.1 WASTE 

1.2 Objectives 

The objectives of this study were: 

~ To assess the impact of industrial! development on the Kelligrews River. 
~ To identify water quality problems, 
~ To delineate chemical and bacterial contaminant sources, 

1.3 Basin Description 

The Kellig~ews River is located in Conception Bay South on the Avalon Peninsula. It 
flows in a northwesterly direction entering Conception Bay at Kelligrews Point. The river 
originates in Sandy Pond, a small pond located just east of Black Mountain. The major 
tributary, Nut BrrOOk, flows into Ke]ligr:ews River about one kilometre downstream of Sandy 
Pond. Nut Brook originates, in an a.rea of bogs and small ponds just southeast of the Trans 
Canada Highway, approximately 2 kilometres west of the Foxtrap Road interchange. 

The }GeUigrews }ljver basin, and in particular the Nut Brook sub-basin, has been the site 
of considerable development over the years. Development began in this sub-basin in the 1950's 
with construction of the Trans Canada Highway which runs through the brook's headwaters. 
Light industry in the Nut Brook basin consists of a Works, Services, and Transportation depot 
for equipment maintenance and road salt storage, a municipal landfill and incinerator. a sewage 
handling facility, and a rendering plant. All of these developments are concentrated in a small 
area just north of the Trans Canada Highway. 

1.4 Potential Sources of PoUuNon 

There are a number of possible sources of pollution within the Nut Brook sub-basin. 
They are discussed in the fonowing sections, 

1.4.1 Conception Bay South Landfill 

A municipal landfill (Figures]. i and 1.2) has been in operation since 1973. This landfill 
receives garbage from the Conception Bay South(CBS) area. Garbage is placed. compacted and 
buried at the site. The landfill is not Hned. Since the waste site h~s been in operation for over 
twenty years, a groundwater contaminant plume probably exists down gradient of the site. 
Practically all waste sites in Newfoundland are unlined which allows rainwater percolating down 
through the compacted and buried waste Ito dissolve waste constituents and reach the water table. 
Groundwater movement then transports this solute solution, called leachate, down gradient to 
form a leachate plume. Waste sites are usually located either near the coast so that any 
contaminants lemanating from the them enters the ocean and are diluted, or are located 
sufficiently far away from water bodies and developed areas to allow for the natural decay of 
contaminants into the environment with time. 
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Figure 1.1 and 1. 2 

Fig, 1.1 WASTE SITE WITH SALT SHEDS IN BACKGROUND 
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A teepee incinerator (Figure 1.3) also exists on the site for burning garbage. The landfill 
itself is frequently smouldering from fires. Because of this, smoke from the teepee and the 
waste site is visible for most of the year. Prevailing winds blow the smoke towards the TCH, 
but there are days when the smoke is blown towards the rendering plant and the septic water 
treatment facility known as SEPTEC (Figure 1.4). 

1.4.2 Derelict Vehicle Storage Site 

A SLte near the ~andfill site was a receiving location for vehicle wrecks in which derelict 
vehicles were stored until sufficient numbers were collected on site for a recycling company to 
come and crush the v1ehicles for shipment out of the province. The possibility exists for 
lubricants and' coolants to leak out of these derelict vehicles while stored there and during the 
crushing operation. Since early 1993, vehicle wrecks have been stock piled within the main 
landfill site. 

1.4.3 Rothsay Rendering Plant 

Situated in the valley bottom next to Nut Brook Pond, the Rothsay Rendering Plant 
(Figures 1.5 and 1.6) was constructed in 1974. The plant accepts biological wastes from 
abattoirs, henneries, and dead animals such as horses and cows for disposal by rendering down 
this matter to produce meat meal. Effluent from this plant is piped to an aerobic bacteria 
aerator, and then into a marsh that drains into Nut Brook Pond(personal communication with 
plant operator). 

1.4.4 Salt Storage Sheds 

A Department of Works, Services, and Transportation (WST) highways depot is situated 
within the basin near Penny's Hill. Two salt storage sheds (Figures 1.7 and L 8) are used to 
store road salt used for ice control on highways. These sheds were constructed about four and 
twelve years ago respectively. Any road salt not used at the end of the winter is taken outside 
and mixed with sand. This mixture is left outside throughout the year(personal communication 
with Burne Walsh, WST - Foxtrap Depot). Runoff from the storage shed environs is directed 
to a road drainage ditch grading towards Nut Brook and Ithe Rothsay plant at the boHom of the 
hill. 

1.4.5 Septic Waste Centrifuge 

A septic waste treatment facility called SEPTEC (Figure 1.9) is situated within the basin. 
It separates water and solids of septic tank wastes. The separated liquid is trucked to St. John's 
and pumped into the sewer system at Beck's Cove where it enters the harbour. The solids are 
stored on site for selling as a plant nutrient(communication with plant operator). To date, there 
are more solids produced than sold, resulting in mounds of the solids stored on site (Figure 
1.10). This material is not covered, therefore the possibility exists for runoff from this pile 
eventually reaching Nut Brook. The runoff would contain nitrates leached from the piles. The 
treatment facility was constructed about 1991. 
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Figure 1.3 
Figure 1.4 

Fig. 1.3 TEEPEE INCINERATOR 

Fig. '1.4 SMOKE FROM WASTE SITE 
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Figure 1.5 
Figure 1.6 

Fig. 1.5 ROTHSAY RENDERING PLANT FROM REAR 
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Figure 1.7 
Figure 1.8 

Fig. 1.7 

SALT STORAGE SHED 

SALT STORAGE SHED 

Fig. 1.8 
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1.4.6 Road Sail Application - TCH Highway 

Road salt is applied to control icing conditions on the TCH in winter and early spring. 
The application of salt through the basin area of Nut Brook may result in increased surface and 
groundwater sodium and chloride concentrations. 

2.0 Swnpling Siles and Procedure 

2.1 Surface Walers 

A total of five sites were sampled for surface water On September 8, 1993. Stations were 
located from the headwaters of the Nut Brook sub·basin downstream to the mouth of the 
KeUigrews River. Station SWI was located upstream of development and provided background 
information; stations SW2, SW3, and SW4 were located within the Nut Brook sub-basin 
developed area; station SW5 was located downstream ofof the Nut Brook sub-basin at the mouth 
of the KeUigrews River, and allowed an assessment of how well the KelIigrews River basin was 
able to assimilate inputs from the sub-basin. Table 2.l lists the sampling stations, their 
descriptions, and potential impact sourCes. Figure 2.1 shows their location. Sites generally match 
those of Drover (1993). 

Two samples were collected from each site .. One sample was analyzed at [he Department 
of Mines and Energy laboratory in St. John's, while the other was analyzed at the Water 
Analysis Laboratories in Mount Pearl. Samples submitted to the Water Analysis Laboratory were 
analyzed for physical paramelers, major ions, nutrients, and metals. Samples submitted to the 
Department of Mines and Energy laboratory were analyzed for major ions and metals. 
Bacteriological parameters were analyzed at the Department of Health laboratory in St. John's. 

Table 2.1 Kelligrews River Surface Water Sampling Sites, September 1993 
. 

II 
Station Description Potential Impact Sources 

SWl Nut Brook 50 m upstream TCH None 

SW2 Nut Brook @ Incinerator Road Salt Storage Sheds 

SW3 Nut Brook @ CBS Landfill Salt domes+landfill+SEPTEC+car 
wrecks (not rendering plant) 

SW4 Nut Brook @ Nut Brook Pond Outlet All of SW3 sources+rendering plant 

SW5 Kelligrews River @ Red Bridge Road All of SW4 sources+dilution by other 
sub-basins 

• 
ufid Grouildwaitr Quality oj tht NUl Brook Sub-BWIIl, ktn,grtwS'7i..,tr ~ 

-

Rtport 011 s~r.tact 



N
 

t
 
•	 SQMPLED WELL 

o	 SURFQCE WATER 
SQMPLE 

INCXNERATOR
 
ROAD
 

BASIN 
DRAINAGE 
BOUNDARY 

EMERGEN~V 
TRA:INXNG 
BLDG. 

IIIlJWASTE SITE 

RENDERl: NG
• PLANT 

'. SEPTEC 
•	 CQR WRECKS 
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This study did not entail the drilling of any monitoring wells. Therefore, existing wells 
wUhin and adjacent to the Nut Brook drainage basin were located and sampled to provide an 
in~ication of gfioundwater quality. This was accomplished by first searching a database 
maintained by Water Resources Division of all drilled wells in the Province. This inJormation 
is sent to this department by licenced water well drilling companies as required under the Well 
Drilling Act., A list of drilled wells is shown in Table 2.2. Next a reconnaissance survey of all 
establishments was done to obtain information on where they obtain their potable water and what 
effluent, if any, emanates from each establishment. This survey was also done as a chec·k of 
the drilled well data obtained and to locate any dug wells within the drainage basin. A total of 
nine wells were sampled. 

Sampling was done in September 1993 of all dug and drilled weUs in and near the 
drainage basin that could be influenced by anthropogenic actions within the basin. The surface 
water sampliNg p.mgram was carried out at the same time. Figure 2. i shows their location. 
Water sampling consisted of drawing tap water from each establishment after letting the water 
run for 5 minutes. ThiS' purging of the well was done to obtain a representative sample of 
groundwater from the formation and not of water that was stagnant in the well bore Qr pressure 
tank fOF any length of time. Samples were collected in clean, inert one-litlie water sampling 
bottles, two per site. Each sample was placed in a cooler, and delivered to the Water Analysis 
Laboratories the same day. The second set of samples was taken to the Department of Mines 
and Energy for analysis by their Iep Ultrasonic Nebulization analyzer. No groundwater springs 
were o'bserv,ed Ito be sampled. 

3.0 RESULTS AND DISCUSSION 

3.1 Physical Parameters 

Physical water parameters are quite valuable in estabhshing the quality of a water system. 
Specific conductivity is a measure of dissolved salts. High conductivities reflect high levels of 
dissolved solids. The pH of a water is a measure of acidity, and can affect nutrient availability, 
trace element toxicity, and biological species composition. Dissolved oxygen is important for 
surviva!l' of fish. Color is ,a measure of organic material, while turbidity is a measure of 
suspended solids. 
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Table I.I Nut Brook Basin Area Drilled Wells 
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ADDRESS WELWWNER 
(last Dame fint) 

WELL, DATE 
(DIMlY) 

WELL 
DEPTH 
('~ 

FINAL 
STA1lJS 

YIELD 
UMIN 

KIND OF 
WATER 

UnlOl..DGY 

Ineineralor Road Dql4. Worts, Serviu5 & 
Tl"llnsportalion 

13242 03/03/88 69.0 AS 11.0 FR obdn 008 rock 069 

Incincralor Road fMO Building J 1219 Ol!LO!84 86.9 WS 73.0 FR sand 017 grvl rock 073 

rnc,"~ralor Road Dept. Works, Sen.'Jccs & 
Transpor1alion 

15426 28111/90 147.9 WS 1.0 FR brwn sand/grvl 007 br...m gmt 148 

Incin"raloT Road Rothsay Rcnd..:rinl; Plarl1 "09 00/03175 15,2 AB 54.6 

IncHlcralOr Road SEPTEC 16330 16/04/92 18.3 WS 90.1 FR whit/red gml 007 ~d gmt 018 

Fox.trap Acccs~ R,)ad Pellen Jeff 147'29 1l/10f89 105.2 WS 9.0 FR red obdn 028 brwn gmt lOS 

InCinerator Road Fire Survi ... al c.::nh.:r 16427 25f08/92 ]0,5 WS 22.0 FR br"',," $<1nd aodo 007 grey slle 031 

Middlc Bighl Road H.:lyes lim 1611 ? 04/10/91 109.7 WS 81.8 FR brwn grvlhand 024 grey/red shk 
110 

Tell Weigh Scales, Dept. 
Wsr· 

AS - abandoned; WS - waler supply; FR - fresh; obdn - overburden; grvl - gravC'!; gmT - gl'llnile; slle - slate; silk - shale 
• Information unavailable on weigh scales well 
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The general trend in pH values was to increase in the developed area, but unlike specific 
conductivity, pH did not tend to show a substantial decrease with distance downstream (Figure 
3.2). Two of the stations in the developed zone showed an increase over the background value 
of 5.4 pH units: station SW3, where a pH of 6.9 was observed (over lOx more alkaline than 
background) and SW4 with a pH of 6.0. The increases at SW3 and SW4 suggest that inputs 
from the landfill and rendering plant should be considered as major sources of pH increases. 

Figure 3.2. pH values for Kelligrews River stations (September 1993). Stations below the landfill 
area have elevated pH compared to headwaters. 

8.0 

7.0 

(/) 
.-:::: 
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:::> 6.0
 

I
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5.0 

4.0 
SW1 SW2 SW3 SW4 SW5 

Station 

Guidelines for the protection of freshwater aquatic life state that pH should not vary 
beyond the range of 6.5 - 9.0 pH units (CCME, 1987). Stations SWI and SW2 violated this 
guideline, but the low pH values at these stations (Table 3.1) are probably due to organic acids 
associated with the boggy headwaters. 

The International Joint Commission (1977 in McNeely et al., 1979) recommended that 
discharges should not alter ambient pH by more than 0.5 pH units. Field pH at station SW3 
increased 1.5 pH units over ambient pH (5.4). pH at stations SW4 and SW5 increased 0.6 and 
1.3 pH units, respectively. 

Dissolved oxygen decreased from 7.46 mg/L at the background station to 5.71 mg/L at 
station SW3, and to 6.30 mg/L at station SW4. Low dissolved oxygen values were localized, 
however, as demonstrated by the high value (10.21 mg/L) observed at station SW5. Both SW3 
and SW4 probably receive large inputs of organic wastes - SW3 from the landfill and possibly 
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sewage handling facility, and SW4 from the rendering plant. Processes such as decomposition 
of organic wastes can deplete oxygen levels to near zero values. Guidelines for the protection 
of freshwater aquatic life state that the lower limit for dissolved oxygen for cold-water fish 
should not fall below 6.5 mg/L (CCME.1987). Stations SW3 and SW4 are both less than this 
limit (fable 3.1).It is likely that salmonids (e,g. trout) are unable to survive in most oxygen 
depleted areas. As well, the toxicity of elements such as lead, zinc, copper, and ammonia is 
enhanced by low dissolved oxygen. 

Turbidity and total suspended sOlids remained relatively low at all stations. Color values 
were relatively high at all stations, except SW5. The highest color values were observed at SW3. 
located at the landfill. and SW4. located near the rendering plant. 

3.2 Mllior Ions 

Specific conductivity has indicated high levels of dissolved ions. This section examines 
the individual ions which contributed to those high values. Major ions are contributed to water 
systems from a variety of sources. Natural sources include weathering of soils and bedrock, and 
deposition of marine aerosols. Anthropogenic sources include sewage, industrial effluents, de
icing salts or dust control agents, and deposition of atmospheric pollutants. Changes in major 
ion concentrations of a water may cause a shift in the biotic community. 

Major ions showed highly elevated levels at stations located in the developed area 
compared to the background station. Concentrations at station SW5 decreased as a result of 
dilution, but remained much higher than concentrations observed at SWl, the background station 
(Figure 3.3). Calcium, sodium, and chloride concentrations inereased by over one order of 
magnitude at all stations in the developed area compared to the background station. Potassium 
concentration increased by over one order of magnitude at all stations in the developed area, 
except at station SW3, where it increased over two orders of magnitude compared to the 
background station. Sulphate and magnesium increased by over one order of magnitude at 
station SW3 compared to the background station. These increases and resulting high 
concentrations are not typical of natural waters. All elements, except sodium and ehloride, 
reaehed peak eoncentrations at station SW3 (fable 3,1), the .tation located at the landfill, 
suggesting that the landfill may be the primary source for most of the inereases observed in the 
major ion concentrations. Sodium and chloride peaked at stations SW2 and SW4, the two 
stations located closest to the salt storage sheds, suggesting that salt laden surface and subsurface 
waters were the primary source for the high sodium and chloride concentrations observed in the 
basin. 

Hardness, which is a function of calcium and magnesium in solution, and total dissolved 
solids, also followed this pattern of increase in the developed area followed by decrease 
downstream. 
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Figure 3.3. Major ion concentrations from Kelligrews River stations (September 1993) and mean 
September major ion concentrations for Canada-Newfoundland monitoring stations on Broad Cove and 
Waterford Rivers (1987-1991). As with specific conductivity. only the headwater station (SW1) is 
similar to natural rivers. 
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Alkalinity is a measure of a water's ability to neutralize acid. Alkalinity or bicarbonate 
concentration showed a sharp increase at station SW3, indicating a large input of alkaline 
material from the landfill. 

3.3 Nutrients 

Decomposing organic matter is a primary source of nutrients. Nutrient enrichment and 
eutrophication can resull in changes to aquatic populations. Nutrient rich conditions can result 
in prolific growths of aquatic vegetation. Decomposition of this vegetation can lead to excessive 
utilization of dissolved oxygen, which in turn can affect fish and benthic organism diversity and 
density. 

Most nutrients exhibited elevated concentrations at stations located in the developed zone, 
compared to the background station. Phosphorus remained at or below detection limit at all 
stations. Elevated concentrations were particularly evident at SW3, where the highest 
concentrations for all detectable nutrients were observed (Figure 3.4). The greatest increases 
observed at SW3 were ammonia which increased from less than 0.02 mg/L at the background 
station to 1.60 mgll at SW3 (aproximately two orders of magnitude), and nitrate-nitrite which 
increased from less than 0.004 mg/L at SWI to 0.350 mg/L at SW3 (again, almost two orders 
of magnitude) .These increases at SW3 indicate large inputs of nutrient rich organic waste such 
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as sewage and animal or vegetable waste. The most obvious sources of this waste are the landfill 
and SEPTEC facility. Elevated levels of these same two nutrients at SW4 ( Table 3.1) may be 
the result of effluent from the rendering plant. 

igure 3.4. Selected nutrient concentrations for KeJligrews River stations (September 1993). High 
values for all nitrogen parameters at SWJ indicate significant organic loading to smface water. 
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The concentrations of all nutrients at station SW5, except nitrate-nitrite, and silicon were 
comparable to background concentrations. 

Guidelines for the protection of aquatic life state that nitrite concentration should not 
exceed 0.06 mg/L. A numerical limit is not recommended for nitrate. The analytical 
methodology reports only the total of nitrate plus nitrite. Stations SW3 and SW5 had values in 
excess of 0.06 mg/L nitrate-nitrite anel are considered to have exceeded the nitrite guideline 
(Table 3.1). 

3.4 Metals 

Concerns over metals relate to their toxIcity and bioavai labili ty, particularly for 
uncomplexed ions, the potential for bioaccumulation, and hazards to human health (CCME, 
1987). Uncomplexed forms are llsually more readily available to aquatic organisms than ar 
complexed forms. Speciation and bioavailabjlity of trace metals in water are controlled by 
various physical and chemical interactions. These interactions are affected by many factors such 
as pH, temperature, hardness, type and concentration of metal iOIlS, and dissolved organic 
carbon, etc. 
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Aluminum, chromium, copper, iron, manganese, nickel, lead, zinc and ytterbium were 
the only metals consistently detectable. 

• 
Nearly all detectable metals increased from about 2 to 4 times their background 

concentrations in the developed area (fable 3.1). Manganese, however, exhibited much higher 
increases in the developed area - over two orders of magnitude at station SW3. Values generally 
declined to background levels at station SW5, the farthest downstream station. Chromium was 
the only metal which did not follow this pattern. Chromium actually decreased in concentration 
at all stations downstream of the background station. 

The highest metals concentrations were observed at either stations SW2 or SW3. Surface 
and subsurface drainage from the landfill and derelict vehicle storage site, as well as atmospheric 
deposition from the landfill incinerator are potential sources of metal contamination at SW3. 
Drainage from the Department of Works, Services and Transportation depot may account for the 
elevated metals at station SW2. 

Aluminum, chromium, copper, iron, and lead exceeded "protection of aquatic life 
guidelines· (Table 3.1). 

Guidelines for the protection of freshwater aquatic life state that total aluminum 
concentrations should not exceed 0.005 mg/L in waters with a pH equal to or below 6.5. The 
total concentration should not exceed 0.1 mg/L iA waters with a pH greater than 6.5. All 
stations, including the background station, exceeded this guideline. Concentrations ranged from 

•
0.14 to 0.46 mg/L. The Ontario Ministry of the Environment stated that concentrations equal 
to or greater than 0.1 mg/L would be harmful to fish growth and survival (CCME,1987). 
Mean concentrations near 0.1 mg/L are typical for natural rivers located on the Avalon 
Peninsula. 

• Iron concentrations ranged from 0.13 to 0.78 mg/L. Iron precipitates may produce 
adverse effects on fish and other aquatic organisms, so a maximum concentration of 0.3 mg/L 

• has been established for protection of the aquatic environment (CCME, 1987). All stations, 
except station SW5, exceeded this guideline. Sewage and landfill leachate are anthropogenic 
sources of iron (CCME,1987). Iron concentrations in natural waters on the Avalon Peninsula 

• are generally below 0.3 mg/L. 

Lead is a toxic material which is bioaccumulated by aquatic organisms. It forms 

• a coagulative film on the mucous membrane of fish and this leads to eventual suffocation 
(McNeely et al., 1979). Guidelines for protection of freshwater aquatic life range from 0.001 
to 0.007 mg/L. depending on hardness (CCME,1987). All stations, except station SW3, 
exceeded this guideline based on hardness values obtained at the stations. The highest

I concentration observed was 0.007 mg/L. Average lead concentrations for natural rivers in the 

•
area are generally around 0.<XXl3 mg/L. The toxicity of lead decreases with increasing alkalinity. 
Since several stations on the Kelligrews River system have low alkalinities, any lead present 
might have high toxicity. Sources of lead include precipitation, fallout of lead dust, and 
industrial and municipal wastewater discharges. 
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Guidelines for the protection of aquatic life for copper range from 0.002 to 0.004 mg/L 
depending on hardness. The results from the Department of Mines and Energy indicated that 
all stations, except station SWI, exceeded this guideline based on hardness values measured at 
the stations. The highest value observed was 0.008 mg/L. Results from the Water Analysis 
Laboratory showed that only station SW5, with a value of 0.020 mg/L exceeded this guideline. 
Mean concentrations near 0.001 mglL are typical of natural rivers in the area. 

Guidelines for the protection of the aquatic community, including zooplankton and 
phytoplankton, state that the concentration of chromium should not exceed 0.002 mg/L. Results 
from the Water Analysis Laboratory were all less than detection limit. Results from the 
Department of Mines and Energy shOWed that only the background station exceeded this 
guideline, but aU other stations measured a value of 0.001 mg/L. Chromium concentrations for 
natural rivers in the area are generally at or below detection limits. 

3.5 Bacteria: 

Indicator organisms, rather than specific pathogenic organisms, are utilized to determine 
bacteriological water quality. One of the most commonly used indicator organisms are fecal 
coliform bacteria, associated with the feces of warm-blooded animals. Waters contaminated with 
fecal material may contain other pathogenic organisms. 

Guidelines for recreational water quality state that fecal coliforms should not exceed 200 
per 100 ml (Health and Welfare Canada,I992). A fecal bacteria count of 3700 per 100 ml was 
observed at stalion SW3. The landfill and SEPTEC were likely sources of this potentially 
dangerous indicator. The fecal count al SW4 was elevated (90 per 100 ml), but below the 
guideline, showing no major problem near the rendering plant on this sampling date. 

3.6 WeU Sampling ResnRs 

Table 3.2 shows the results of the well sampling program conducted on September 8, 
1993. The results were compared with the Canadian Water Quality Guidelines, maximum 
acceptable concentrations(MAC) values, where a guideline value existed for a specific parameter. 
Those values which exceeded the MAC concentrations are flagged by a grey background in the 
table. Elevated values, values that exceed designated background concentrations are important 
indicators of natural or man made processes occurring locally in the subsurface regime. 
Elevated concentrations are shown underlined. Background values were calculated from sampled 
wells up gradient of anthropogenic sources in the basin. Since no wells are situated up-gradient 
of the TCH, a source of deicing saIt, sodium and chloride backgrounds were not calculated. 

, 
Since sampling was done on existing wells, the groundwater sampling results of this 

report may not represent the true picture of groundwater quality for the area under study. 
Surface water sampling can be accomplished at any point of choosing. but interpreting 
groundwater sampling results, using existing well locations, considerably reduces the accuracy 
of any plume delineation. 

22 

~ 

.-~
 

•
•••••
••••

.i:! 

..:• 
~-.. 
~ 

• '"..
I -.. 
~ 

~ 
= ~ 

~• 
~

....I ..; 
.!i 

I 
.=. 
~ 

I 

&'1 • 
~.. ~~ •M= l 

II == II 
Mil ~ ri' .. M 

~
 
,~
 
~= 

M 
M,.;l§J Y~ 

,~ 

~

~ M:§U Y~, 

-
'I!~ •~~-, 

'I§oIi M 

$• y~<:,E 

:U M 

~ 
~ 

. 'I 
~ 

~ M MMJ~l 

II • 
~ • 

I!
 •
 •~ 

0 
uisL u 

• ~rr 
~

~ 

" 
U

•
• 

L ·f 
~ 

,
" 
~ 

~ 



[I I',", , I I I' II 

(
k
~

 
, 

i
 
:,~.,,
 

-" 
't 

, ,I_ii ,.;' i 
tlii , 

range from
 0,002 to 0.004 m

gfL
 

M
ines and E

nergy indicated that 
, on hardness values m

easured at 
tesults from

 the W
ater A

nalysis 
W

 m
g/L

 exceeded this guideline. 
ivers in the area. 

oily, 
including zooplankton and 

I not exceed 0.002 m
gfL

. R
esults 

tection lim
it. 

R
esults 

from
 

the 
ackground 

station exceeded 
this 

fL
. C

hrom
ium

 concentrations for 
lim

its. 

ganism
s, are utiU

zed to determ
ine 

sed indicator organism
s are fecal 

lflim
als. W

aters contam
inated w

ith 

11 coliform
s should not exceed 200 

:ria count o
f 3700 per 100 m

l w
as 

likely sources o
f this potentially 

(90 per 
100 m

l), but below
 the 

nt on this sam
pling date. 

Jgram
 conducted on Septem

ber 8, 
leT

 Q
uality G

uidelines, 
m

axim
um

 
lue existed for a specific param

eter. 
:'2 

agged by a grey background in the 
~ 

round concentrations are im
portant 

,ocally 
in 

the 
subsurface 

regim
e. 

alues w
ere calculated from

 sam
pled 

::e no w
eB

s are situated up-gradient 
til 

)ackgrounds w
ere not calculated. 

!l ~ 
Jundw

ater sam
pling results of this 

quality for the area under 
study. 

~ 
lint 

of choosing, 
but 

interpreting 
considerably reduces the accuracy 

...
 '"
 
:E.: 

N
 

N
 

N
 

N
 

N
 

N
 

.,
~

 
~

S
a'

• 
~

8 
.,

~
 

~
 

~
 

Q
 

~
 il. 

~ .. ~
~

 
~

 
~

 
Q

 
Q

 
~

 
g

!
~
; 

~
V

 
~

 

la
-+

+
f--+

-j
~

$"'0"
,: . 

• 
~

 
~

 
Ii 

~
~

 
~
I 

~I 
~I :1 :~

 
~

 
~

.;
: 

~
:r:!:= ~

 

Q
~

 
...., 

r-
0 

,
~

 

,1
1

:) 
~

 
~

 
~

 
~

 
s

a 
~

 
~

 
~

v 
o 

~I
~I 

~
~

~
 

.; 
~

i
f
~
l

 
lO 

~
 

v 
~

,
~

 
~

 
" 

~

~
 

~
 

s 
.;

a 
~

 
" 

~
 

~ 
v 

o 
., 

~I QI 
~ ' 

~
 

~
 

.;
leU

Q
 

.; 
~I 

~ 
~

.;
, 

V
 

~
 

s
;
1
~
!
;
j 

• ~
 

~
 

§ 
~

 
,

l=' 
~

 
§

~
 

.;
• 

.. ~
~

~
!
l
~

o 
~

 
Q

.;
, 

v 
~

• 

"
o 

~
s

,§
Ili 

~
 

~
 

8
~

 
.;

v 
"I 

~l 
~\

~ 
~

 
~

 
.;

~
 

.;
;
r
:
:
~ 

v 
" 

~
• 

In 
.,

~
 

S
;

~
 

~
 

R
 

g
Q

 
~

 
~I 

~I 
§

•
~

 
.; 

~
~

 
.; 

V
 

-
" 

" 

, 
.,

~

 

•
~


 
s 

~
~

 

" ~
 

~

 

~

 

~
 

~
s 

.; 
~

~
j
~
;

 
~

.;
o 

~
 

v
" 

~I 
~

 
~

~
 

~
 

l=' 
~

;:u 
5

u 
-08

lO
~

 
o 

.. ~
g

.; 

1
~

IJ
 
•


• 
S

.. 
~

a 
s 

•
Q

• 
~ I

N ~I 
~.N

 
~

 
~

~
 

Q
 

~
 

~
.; 

V
 

o 
,

z
z 

! ~
 

~
g 

., ;;,
s 

~ 
i

jl 
! 

~
~ 

· 
1i 

8•
} I

'" 
!:. 

,
.~

~ 
'! 

., e
,,

~ 
~

 
~

j •
.~

j
:< 

=
 

$
>7: 

z 
~

 
l 

~ 
~

 

-n
igrtw

$ R
i\'tr 



..
 

I 1Jda. Well w. w. w. w. W. !We .......... WeiP Roduy I Site 116330 116417 Il.S4U lUll' 11412' 1161U I'tIiIIipl 
-aiL Sc.a. ,." o.cW. SEPTEC J'iA SIl. WST EMO J htteI JHaya DucWIl 

8IdI 

Mallla_ <0.005 0.61 <0.005 <0.005 <0.005 <0.05 <0.005 
I 

0.01 ." ..... 
I 

0.007 : 0.001 0.019 0.003 0.020 0.006 0.011
'. 

0.02 0.00 0.•1 0.02 <,0.01 
I 

Iron 0.02 <0101 0.02 0.02 O.OS , 
, 

- - - , 

Copper 0.03 <0:005 0161 [I '0.04 II '0.00 0.02 0.21 <O.ooS <O.ooS 0.01 
-, 

0.033 0.010 I' 0.029 0.063 0.041 0.209 I' 0.011 0.008 0.162 -

0.02 0.08 O.IS 
I' 

0.02 0.04 0.23Zinc I, 0.74 0.01 <O.ooS 0.02 

I 
I0.0014 0.103 0.0151 0.036 0.1482 0.2732 0.0057 0.0059 0.0122 

1 

Cadmium <O.OOOS <O'.OOOS <0.0005 <O.OOOS I <O.OOOS <O.OOOS 
I 

<0.0005 <O.OOOS <0.0005 <O.OOOS 

~ 

I 

Lead <0.001 0.000 0.005 0.005 0.001 I 0.003 <0.001 <0.001 <0'<101 <0.001. 
- II 
- - - , ~ I 

[I 1 
-

Chloride 28 , ,'. 9.6 lQ2 7.5 33 5.2 8.9 12.5 22 
... I 

i.  . -, - - - -. ..1"' 

Sodium II llQ II 66 1.7 33 6.9 13 49 12 

10.51 181.67 - 51.13 5.52 31.9" 6.23 12.98 47.64 012.40 
-

PoluUum 0.39 II 1.14 0.86 0.52 0.15 0.66 0.65 1.34 I 0.65, 1 

0.3 U,2' - 0.1 0.5 0.3 II 01.6 0.6 1.3 0.6 

Aluminum 0.11 <0.05 <O.OS 0.22 <0.05 <0.05 <0.05 
1 <O.OS J 0.57 <0.05 

II 

Chromium <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
I 

- - 0.003 0.002 0.002 0.003 0.001 0.001 0.002 <0.001 0.002 
-

Nic:t.el I <0.005 <0.005 <0.005 I <0.005 III <0.005 <0.005 I <0.005 <0.005 II <0.005 <0.005 
-

W. W.ru-... WII w., Wlip , 
11'-330 Il~'7 It~-aIL =1 ~ISeals lUll' IJ6tUhis:.. I ,::. i W. I ~ 

SEPn'.C I .....FIre .. WST EMO J ..... Jft..,. hlWIlII .. 
<0.002 <0.002 1 <0.002 <0.002 0.002 <0.002 <0.002 I <0.002 I 0.0031IIAmmooia II ,I<0.02 <0.0214 <O.~ <0.02 <0.02 <0.02 <0.02 I <0.02 I <0.02, I, ,

Fluoride 0.09 0.22 0.06 0.09 It 1 0.13 I 0.69 1 0.11 I 0.60 1 0.13 I 0.10 



....... » 1.1" 0.16 0.52 

n.2 0.' 0.5 0.3 0.6 0.6 1.3 I 0.6 

AkllnilMlm 
<.o.OS <.O.OS 0.22 <.0.05 <.0.05 <.O.OS <.O.OS 0.57 I <.0.05 

I I 

Chromillm I <'0.005 I <.0.005 <.0.005 <.0.005 <.O.OOS <.0.005 <.0.005 <.0.005 , <.0.005 1 <.0.005 

0.003 1 0.002 ~I 
0.002 0.003 0.001 0.001 0.002 I <.0.001 I 0.00l 

Nickel I <.0.005 I <.0.005 <.0.005 II <.,0.005 II <.0.005 <.0.005 <0.005 <0.005 I <.O.OOs I <.0.005 

1iIc:iII. w. w. w. w. w. w. IWe......... WtiP Roduy !lie 116330 116421 1154U 11121' 114'72' 116111 PIliIipI 
-elL ScaIeI ISle' D.lW. sunx: Jl1re~ WST t:MO 

I 
J ..... J H8YtJI DlIIW. 

I IWc 

<0.002 I <.0.001 <0.002 <.0.001 0.002 <.0.002 I <.0.002 <.0.002 0.003 

Ammoaia <.0.02 .u <'0'.02 <0.02 <0.02 <.0.02 <.0.02 Ii <0.02 <.0.02 <0.02 

, L 
FIllorick - 0,09 I 0.22 0.06 0.09 0.13 0.69 0.11 0.60 0.13 0.10 

I' -
I 

Sulpbatc ".0 l!Q 21 5.1 2.1 120 2.1 I 16 1.01 3.4 

".4 lJ.Q.Jl 6.2 2.4 126.9 2.2 15.0 9.1 3.5 

TGCal Di.IaoIved 50licb 135 93 247 96 279 lOS 129 157 92 

Toeal 5l1tpended Solid. <4 <4 4 < .. <.4 < .. <.4 <4 <4 6 

ToealOrganic Carboo I.J 2.5 1.2 I.J 1.3 1.0 1.2 1.1 1.1 

Anenic <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <'0.005 <0.005 
-

I 

Mercury <0'.0003 <0.0003 <0.0003 <0.0003 <0'.0003 : <0\0003 <0.0003 <0.0003 <0.0003 <0.0003 

.. 
Molybdenum (PPb) <I 1 I ( 118 1 20 2 1 

-

II 
Silicon 5.73 ".17 ".03 6.01 I 4.24 6.18 4.42 5.33 8.04 

I 

Cobalt (PPb) <I <1 <1 <1 
I 

<1 <I <1 <I <1 
'. 



I
.
~ 

~
 

!i@
i 

0
; 

v 

I 
11=

,1 
~

 

-
~

 
0

;
~
~
.

-= 
V

 
,
~

 

~!'!I 
~

 

0
; 

~
=

 
V

 
,
~

 

~
 

~

:aU
' 

0
; 

V
, 

~~I;; 
~

 

~
~
~

 
0

; 
V

, 

~
§
~

 
'" 

~
 _ t
,'" 

~~~ 
-

:t .. ~ 
~

 

. 
~

 

J~i 

H
 

~
 

0
; 

l! 
~

 
0

; 

L 
If 

'"~ E•-,•> 

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

-

• 

W
ells that are closest a 

show
 the highest concentration 

that provide an indication o
f gJ 

the possible contam
ination sou 

the w
aste site is up gradient c 

theR
olhsay rendering plant we 

at the bottom
 o

f a hill at the c 
D

ept. o
f W

orks, 
S

ervices, ar 
C

onception B
ay S

outh w
aste c 

3.6.1 
R

o
th

say
 R

en
d

erin
g

 PI 

T
he 

w
ell 

w
ater 

exce 
chloride(261 

m
g/L

), 
m

angan' 
concentrations for 

m
agnesium

 
w

hich indicate possible coota 
H

igh values o
f am

m
onia(1.2 

hackground). and total phospho 
w

aste decay and their by p
ro

 
leachate cannot be determ

inec 
concentrations at S

W
2 indicab 

not solely due to the renderini 
storage sheds. 

It appears that I 
from

 the salt storage sheds at t 
dow

nstream
 w

here som
e grou' 

R
iver. 

3
.6

.2
 

S
E

P
T

E
C

 W
en

 

T
his drilled w

ell also 
E

L
evated N

a(66 m
g/L

) and C
I 

bedrock aquifer. 
A

lso m
anga 

w
ater. 

A
s can be seen from

 Fi 
aw

ay from
 

the casing, 
but h 

surface w
ater o

r an y spilled c 
the side o

f the casing into the 

3
.6

.3
 

W
aste S

ite D
u

g
 W

eU
 

T
bis w

eJl is likely Jess 
for drinking w

ater for iron, pI 
gradient o

f the w
aste site fill ~ 

in F
igure 3.5. T

he high concer 
from

 shallow
 subsurface w

ate: 

-
-
-
-
_
.
_
-
-
-
-
-
~

 
• 



t' 

.
 

Wells that are closest and down gradient of suspected sources of contamination usually 
show the highest concentrations related to the source of contamination. The only wells sampled 
that provide an indication of groundwater contamination within the valley and down gradient of 
the JX>ssible contamination sources are the Rothsay Plant and SEPTIC wells. The dug well on 
the waste site is up gradient of the site and does not penetrate bedrock. One would suspect 
theRothsay rendering plant well as the most susceptible to contamination. The well is located 
at the bottom of a hiJI at the crest of which are situated two salt storage sheds operated by the 
Dept. of Works, Services, ,and Transportation. The well is also in close proximity to the 
Conception Bay South waste disposal site. 

3.6.1 Rothsay Rendering P1anl Well 

The well water exceeds Canadian Drinking Water Guidelines in 3 parameters 
chloride{261 mglL), manganese(2.9 mglL), and total dissolved solids(1l8 mgIL). Elevated 
concentrations for magnesium, calcium, potassium, ammonia, and SUlphate were also noted 
which indicate possible contamination from thejr own effluent and possibly the landfill site. 
High values of ammonia(1.2 mg/L - SO times background), potassium(23 mg/L - 20 times 
background), and total phosphorus(O.21 mglL· 10 times background) can be the result of animal 
waste decay and their by products. Whether some of these val\les are due to any waste site 
leachate cannot be determined given the location of the existing wells. The high Na and CI 
concentrations at SW2 indicate that the high Na and Cl concentrations in the Rothsay well are 
not solely due to the rendering plant, but ate to a large part the result of runoff from the salt 
storage sheds. It appears that the deeper groundwaters in the valley have been charged with salt 
from the salt storage sheds at the top of the hill. This is reinforced by the elevated NaCi values 
downstream where some groundwater is discharging to Nut Brook and possibly the Kelligrews 
River. 

3.6.2 SEYfEC Well 

This drilled well also seems to be affected by salt in the valley groundwater system. 
Elevated Na(66 mglL) and CI(l09 mglL) concentrations further suggest contamination of the 
bedrock aquifer. Also manganese(O.52 mglL) and pH(5.92) exceeds MAC limits for drinking 
water. As can be seen from Figure 1.9, the land grading around this well is not sloped properly 
away from the casing, but has a depression surrounded by coarse aggregate. This allows 
surface water or any spilled contaminant to pond around the casing, eventually running down 
the side of the casing into the groundwater regime. 

3.6.3 Waste Sile Dug Well 

This weli is likely less than 5m deep. Chemical and physical paramete" exceed MAC 
for drinking water for iron. pH, manganese and turbidity. The well is situated immediately up
gradient of the waste site fill area. The well appears to be located in reworked ground as seen 
in Figure 3.S. The high concentrations could be naturally occurring as this well obtains its water 
from shallow subsurface waters above the bedrock. 
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3.6.4 Works, Services and Transportation Well 

A picture of the presently used well is shown in Figure 3.6. This well is located on the 
dirt road to the weigh scales and has satisfactory water quality. An earlier well near the depot 
was abandoned due to road salt contamination from the salt storage sheds. 
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4.0	 CONCLUSIONS 

The present study confirms that: 

1.	 Alterations in physical, chemical and bacteriological properties of the Nut Brook sub
basin and KeIligrews River basin result from the industrial activity concentrated in the 
Nut Brook sub-basin. 

2.	 High concentrations of sodium chloride in both surface and groundwaters exist in the Nut 
Brook sub-basin. TIle source of this increase appears to be lhe two salt storage sheds 
situated near the top of Pennys Hill. 

3.	 High concentrations of calcium, magnesium, potassium, and sulphate and are also 
observed in Nut Brook sub-basin surface and groundwaters. Peak: concentrations at SW3 
indicate the landfill as the major contributor of these ions. 

4.	 Concentrations of all major ions at SW5 were greater than background concentrations, 
indicating that the Kelligrews River system was still significantly affected by the inputs 
from the Nut Brook sub-basin. 

S.	 High nutrient concentrations in both surface waters and groundwaters of the Nut Brook 
sub-basin probably result from organic inputs from the landfill and Rothsay rendering 
plant. 

6.	 Elevated metal concentrations in Nut Brook surface waters appear to originate from the 
landfill site. 

7.	 High concentrations of fecal coliform organisms at site SW3 probably result from sewage 
inputs from the landfill and SEPTEC sites. 

8.	 Low dissolved oxygen concentrations in the Nut Brook sub-basin are likely caused by 
breakdown of organic material from the landfill, SEPTEC site, and Rothsay rendering 
plant. 

9.	 pH increases in the Nut Brook sub-basin and Kelligrews River basin seem to be related 
to inputs from the landfill site and Rothsay rendering plant. 

5.0	 RECOMMENDATIONS 

1.	 Water quality degradation and resource use conflicts shOUld be considered in future 
development of the Nut Brook sub-basin by the Town of Conception Bay South and the 
City of St. John's. 

2.	 CBS swimming pool at the municipal park should be tested regularly during the summer 
for fecal coliform bacteria levels. 

3.	 human contact with water near the landfill site should be minimized. 
4.	 Further use of groundwater resources within the Nut Brook sub-basin should be 

discouraged. 
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