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Executive Summary

In 2007, the Newfoundland Department of Environment and Labour initiated a project to
develop sitespecific water quality guidelingSSGs)n selected water bodies in the
province. This initiative resulted from the fact that underomati reporting on water

guality through the Canadian Environmental Sustainability Initiative (CESI) of the
federal government, sigpecific guidelines are recommended to determine the status of
water quality. A number of water bodies were consideredviauation, and eventually
Pourd Cove Brook in nortkeastern Newfoundland and Pinchgut Brook in western

Newfoundland were selectéar development of SSGs

In developing SSGs, there are several possible methods that can be used. These include
the Backgroud Concentration Approach, typically used in most situations, and the Water
Effects Ratio (WER) Approach that is used when the Background Concentration
Approach is not practical and where more certainty is required in the SSGs that are
developed. The WER Apoach requires that toxicity testing be performed on actual site
waters and also using laboratory test waters. A ratio of the toxicity in the site water to the
laboratory water is developed and the generic guideline is multiplied by the ratio that has

bea determined in order to calculate a SSG.

In the case of Newfoundland and Labrador, it was decided that the WER Approach

would be used for the two water bodies, and that aluminum would be the variable tested

in each. Auminumwas determined to be a contcén both water bodiess well as being

considerech concern throughout Newfoundland and Labrador and the Maritime

provinces in general. Aluminum has two separate CCME (Canadian Council of Ministers

of the Environment) guidelines depending on the pHhadt wat er body; 5 eg/ L
bodies with pH , 6.5 and 10DhepHpfPound or wat er
Cove Brook is < 6.5 while that of Pinchgut Brook is > 6.5. Although a more recent draft

aluminum guideline has been considered by CCME astlgas 2005auminum is
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currently not on the work plan for updating by CCN#er this reason, the current CCME

guideline was used in the development of the SSGs.

In order to develop SSGs for the two water bodies for alumitaxigity tests were
conducedusing the actual site waters and the laboratory waters (hardness adjusted to
match site water)l'he fact that actual toxicity data were generated for the two water
bodies means that actual SSGs can be developed for the water bodies with great
confidence sinceguidelines are not being developesing studies conducted by other
researchers who may have been performing testetadly differentpurposes and under

restrictive conditions with potentially arbitrary safety factors applied.

Tests performetbr both Pound Cove Brook and for Pinchgut Brook were acute toxicity
tests using Rainbow trouDfcorhynchus mykissvith measurements after 24 hours and
the standard 96 hours. In addition, reproduction and survival tests using the Cladoceran
Ceriodaphniadubiawere measured with effects measured and reported for survival as
LCso, NOEC(No Observed Effects ConcentratiphDEC (Lowest Observed Effects
Concentration)and for reproduction as NOEC, LOEC  4@nd 1G,. Results were

reported both as total amissolved concentrations.

WER valuedor the chronic and acute te$ts Pound Cove Brook we similar, being up

to a ratio of 1.41:1 for the Kgtotal aluminumvalue and 4.9:1 for thkC,sdissolved
aluminumvalue. Interestingly, the Kgratioswere 11 for totalaluminumand 5.14:1 for
dissolved aluminum. These ratios are very close to what was determined using the acute

toxicity tests for Rainbow trout.

Since the water quality guideline for aluminum is currently expressed as dissolved
aluminum, theesulting SSGor Pound Cove Brook wasalculated by applying the
geometric mean of the §gand 1G data (5:1). Thus, using the WER, the S8GPound
Cove Brook was calculatedboe 2 5 This $3GLvalue wasonfirmedbased on the

toxicity data from this workThe lowest value showing an impact is thesialue for
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reproducti owhileat |l 2868r gglvhal dat theamlkuateed 400 ¢

SSG seems to lreasonableonsidering the concentrations where effects were noted.

For Pinchgut Brookthe resulting SS@ascalculated by applying the ratio for thexC

value of 1.21:1Thegeometric mean for the jgand IG in this caseould not baused

since no WER for th 1G5 data could be calculated. Thus, using the WER, the calculated

SSG would be 120 eg/ L based abphiletels®65ener i ¢
This SSGwvasconfirmedbased on the toxicity data from this woflhe lowest value

showing an impaawvasthelC,sv al ue f or reproduction at 176 ¢
were above 400 e€g/ L. Thus banpadkersen the toxic
implications on eithe€Ceriodaphniadubiaor rainbow troutvould be expected from

applyingthe proposed SSG.

It should be noted thathite the laboratory test water had hardness adjusted to match the
harnesses in the water bodies, the pH in the laboratory waters was not adjusted. This
could be an important factor in toxicities in laboratory waters, especiallytord®Cove

Brook. It is suspected that if the pH had been adjusted downward in the laboratory water
to more closely match Pound Cove Brook water, that the toxicity results would have been
atlower concentrationsind the resulting WER valuesay have beehigher than

reportedlt is recommenddthat future testing prograswhere pH can be an important
variable such as for aluminum ensure that the hardness (as was done for this testing) and

the pH of the laboratory test waters be adjusted to match thatwatbebody.

Finally, it is recommended that development of the next SSGs using the WER should be
in the Virginia River in eastern Newfoundland should an assessment of the data indicate
the need. This assessment should also identify variables for testirgitecal periods. In

western Newfoundland, Wild Cove Brook should be tested to determine the influence of

the refuse site located upstream on the SSG that will ultimately be developed.
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1. Introduction:

Water quality guidelines have been used in Canada for many decades as a means of

managing water quality. The guidelines apply to individual water uses and identify levels

above wich effects might be noted in that user group. For nearly as long as guidelines

have been used in Canada, the need to modify these becausespégitie factors has

been known.

There are numerous methods available to develosséeific water qualitguidelines
(SSG) or objectives (SSO). These include:

1.

Making physiechemical adjustments to the generic equation based on the site

water characteristics (e.g., adjusting SSG value to reflect water hardness),

. Using the Background Concentration Approachi(igla value to reflect

finormab values such as a 9@r 95" percentile and using that as the SSG),

Using an upstream value and allowing no increase at a downstream site
(characterized by a maximum increase of 20% at the downstream site to allow for
precsion and accuracy),

Using the Rapid Assessment Approach (RAA) (to identify variables of concern
and then using the background concentration approach, possibly in conjunction
with a turbidity correction factor),

Using the Recalculation procedure (if theast sensitive species used to derive

the generic guideline is not presentcedculating the SSG with data for that
species removed),

Using a Water Effects Ratio (developed using the toxicity of site water relative to
lab water), and

Using the Residentd&cies Approach (realculating the SSG by performing

toxicity tests on species used to derive the generic guideline using site water).

In addition, the Biotic Ligand Model can be used for copper.
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As is obvious from the process descriptions, the codds\a#loping SSGs increases as

one proceeds down the list.

There has been a minimal amount of work performed in Canada to determine the
relevance of guidelines developed using the methods above. The single case to date is
from the Pacific and Yukon Regiai Environment Canada for copper in the Sumas

River (British Columbia). The Sumas River is a tributary of the Fraser River in the Fraser
Valley, and drains predominantly agricultural land from the United States and Canada.
Generally, agricultural type wies and associated pesticides are of concern in this
watershedEnvironment Canada performed a series of toxicity tests on copper using 96

Chinook salmon, 96 rainbow trout and 48 Daphnia magna tests

Figure 1 - Guideline Comparison: Generic vs. RAA vs.
WER for the Sumas River
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! Source: Environmerntanada. Poster Presentation to the CCME WQI Workshop, Victoria, B.C. January
2006.



A Comparative Study of Sitespecific Guideline Methods

Figure 1lillustrates the fact that the gere@CME guideline is quite overly protective,
relative to a background concentration value determined using the Rapid Assessment
Approach,and thegeneric guideline value for a maximum concentration derived from the
B.C. Water Quality Guidelines, and thal@ulated using the Water Effects RAGNMIER).

In fact, the WER allows as much as three times the amount of copper in the system with
no obvious impact to either aquatic life or the safety factor used to dieei\aiginal

generic guideline.

1.1 National Reporting on Water Quality

In 2005, annual reports began to be released by Statistics Canada and Environment
Canada on the quality of ambient waters in Canada. The reports provide information on
water quality as calculated using the Water Quality Index.bEsés for the Index is that
comparisons between ambient water quality measureraentaade witleither ambient
guidelines or sitespecific objectives (guidelines adjusted to reflmbient ameliorating

factors).

The province of Newfoundland and Labradointerested in investigating the use of the
WER becauséhere have been no siépecific objectives developed in the province and a
number of water bodies with no human influence do not receive the WQI score in line
with what is expected from the experCCMEadviceon use of the WQI is that site

specific objectives should be used and not national guideline values.

1.2 Principle Behind the Water Effects Ratio

The guiding principles behind the use of the WER are that during the testing of aquatic
organsms in the laboratory (to generate the data from which guidelines are eventually
derived), very pure water is used which does not have any of the inherent attributes that
may be present in a water body to ameliorate the toxicity of particular contamif@ants.
adjust for this shortfall, th&/ER procedurealls for the use of water bogypecific water

for testing in sidéby-side toxicity tests witlthe traditionalaboratory wateused for
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toxicity testing Since an ambient guideline developed using toxitéia has an inherent
safety factor incorporated into it that is to compensateffects or urested organisms
andadditive or synergistic effects of multiple contaminants, the logic employed in the
WER is that the guideline valder a specific water by tested in siddy-side tests can
be multiplied by a ratio of the toxicity test value determined using site water to that

determined using laboratory water.

1.3 Contaminants Considered for use othe WER

Six metals lend themselves for adjustment using#ven methods listed because the
generic guidelines are based on hardness concentratidfee other actors such as total
organic carbon concentratiorifhese metals are aluminum, lead, nickel, copper,
cadmium, and zindn addition, guidelines for metassich as iron are quite dated and it is
not known whether a hardness relationship exists. It is known that when B.C. Ministry of
Environment attempted to have some traditional toxicity testing performed on iron in the
late 199@s, that iron precipitationdzame a problem at higher iron concentrations,

making testing quite difficult. This is unlikely to be a problem in many of the

Newfoundland water bodies where pH is normally near or less than 7.0.

Although there are many water bodies in Newfoundland afwlddor with naturally

elevated aluminum concentrations, performing wetkted to aluminum ipossibly
premature because there is no revised CCME guideline even though it has been drafted
for several yearsSome jurisdictions such as Ontario and Brit&iumbia use aluminum
guidelines based on dissolved concentrations. HowevedyafitsC CME guideline
suggestsnonomeric aluminum as the critical aluminum férifhe availability of

performing these testsr monomeric aluminums limited. However, it woudl still be

possible to do work on aluminum using the information in the draft CCME guidélane,
laboratory were available to measure both dissolved and monomeric aluminum

concentrations during the test periodlsworst, testing on aluminum might invav

2 CCME. Draft 2005. Water Quality Guidelines for the Protection of AquaticiL&é&minum.
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testing for dissolved and total concentrations and developing an appropriate ratio for use

in the shorterm.

The guidelines for the other metals, other than cadmium, relative to pending CCME
guidelines also do not have-tgpdate guideline values. ik our suspicion that cadmium
may be difficult to test because of the extremely low concentrations involved at the
guideline levelThe national Canadian Environmental Sustainability indic&@&S()
reporting projechas used the B.C. guideline for zilawever it suggests one value at
hardness less than 90 mg/L and values based on hafdnkasdness values greater than
90 mg/L. Beveloping a SSG for zinc should be considered carefully since there is no

CCME guideline that is appropriate.

This leave four other potential metals that could be tested: coppar,lead, and nickel.
For these metals, CESI has used EPA guidelirthke most ugto-date EPA guideline is

for copper.

In order to initiate this work and the project, a @@y meeting was held St. JohiGs on

June 26, 2007 followed by a ocday field reconnaissance visit to potential sites that

might be useful in the second phase of this project. These results are discussed in later
sections of this reporHowever, the results of that meetimggeneral were that two

candidate water bodies (using a draft report on a number of Newfoundland water bodies)
were identified Pound Cove Brook and Wild Cove Broak)d three metals based on that

analysis were chosen for consideration: copper, iroraamdinum.
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2. Discussion

2.1General Principles of the Water Effects Ratio

The general principle behind the use of the WER is that the natural attribute of many
systems will ameliorate toxic effects seen in testing in a laboratory, and thatliyside

side tests are performed using laboratory water and water from source water, that the
amount of a contaminant (say a metal) can be increased in the natural source water. This

was illustrated in Figure 1 for the Sumas River in British Columbia.

To generate thesatios, generally a vertebrate and an invertebrate are tested, with
preference given to chronic tests and tests carried out during different sézsoaslly,

only one test is needed for the vertebrate species (usually aNisaipall of this testing
occurs, the results are thBaveraged using a geometric mean of the values to derive

one WER. This then leads to one new guideline value, derived by multiplying the generic
guideline by the WER. This can be an expensive method given that five toxitstates
performed on two different water sources (laboratory and natural) and the associated
chemistry needs to be performed at a minimum of seven points for eadstesil, the
chemistry has to be measured at these seven points at the beginninganidethels of

the tests. If each toxicity test nominally cost $1000, and each chemistry sample nominally
was only $100, testing for the WER would cost $10,000 for the actual toxicity tests and
$21,000 for the associated chemistry.

Thegeometric mean valugenerally reduces the impact of high values on the resulting
faveragé. From a management perspective, this can be both a plus and minus. The
negative of this is that a larger ratio than the minimum obtained is used, thereby
potentially reducing the avabiée safety factorOn the positive side, the impact of high

extreme ratio®n thefiaverageé is reduced.
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To address all these concerns, it might be possible for some water bodies with adequate
database to generate a ratio anarstcas® time of year, poducing the lowest possible
ratio. Tests to generate WER should be performed for both vertebrate and invertebrate
species in these situations and should be performed when the lowest hardness and
dissolved organic carbon are expected in a water body.firedeefiworstcas®, the

agency responsible for establishing the guideline could use one of three possible ratios:
the lowest ratio derived (maximum sféactor), the ratio deriveddm the geometric

mean of the two ratios, or finally the arithmetieeage of the ratios. The latter two
potentially reduce the available safety factor; however, it must be remembertnisthat
might be compensated for at other times of year when hagimeentrations dhardness

or dissolved organic carbon might be present

2.2Water Bodies Under Consideration and Potential Metals of

Concern

As noted in the Introduction, two water bodies for testing in Newfoundland and Labrador
were identified at the kickff meeting for the project. These water bodies were Wild

Cove Brook inwestern Newfoundland and Pound Cove Brook in nedsiern
Newfoundland. These sites are shown in Figuréhese were selected because both

were relatively pristine sites, there whs potential ability to collect samples using

existing Department stagfdnd because a good historical data set existed for each water
body. The latter fact is critical if a truly meaningful testing program is to be developed.
After due consideration by Department staff, it was decided that Wild Cove Brook might
not be suitale because it was not as pristine as anticipatetiwas replaced by Pinchgut
Brook (Figure 3).

Other sites near St. Jalsrwere also the subject of a field investigation following the
meeting and recommendations for further testing of water bodieShekhi@s are

included in a later section of the report.
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Sites were not considered in Labrador because of the lack of goetelomgata sets and
the difficulties in colledhg samples. The former problem will be addressed through a

concerted samplingrpgram in future years.

Figure 2
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Figure 271 Locations of Pound Cove Brook and Wild Cove Brook
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2.3 Evaluation of the Water Bodies

2.3.1 Pound Cove Brook

Pound Cove Brook (at Route 330) has been sampledAugest 1986 at site
NFO02YRO0O001 (latitude 49 10 41.4ongitude 53 33 32.70) which is only 4.0 metres
above sea level. Pound Cove Brook is located about 75 memsthrom the navigation
light at Pound Cove.

The headwaters of Pound Cove Brook are atkiR@®Ridge Pond, located about 23 km
west from the sampling site. Before reaching Pound Cove, the brook also passes through
Powder Hill Pond. Numerous tributaries connect to the brook along its 23 km path.

Table 17 Watershed Statistics for Pound Cove Brok

Drainage Area 120.4 kni
Forested Area 85.6 knf
Lakes 23.6 knf
Organic Terrain 11.2 knf

Mean channel length | 27.5 km

Mean channel gradient | 0.22%

Elevation drop 60 m

The Pound Cove Brook watershed receives a mean annual precipitation volumeé of 103
mm that provides a mean annual runoff volume equivalent of 750 mm. This means that
there is minimal storage of water in the soil, which would result in a low pH reflective of
precipitation chemistry and minimal buffering. Open water is present on aaneaal

basis about 250 days per year.

10
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The basin is dominated by poorly developed soil originating from glacial till that rarely
exceeds 1.5 m in depth. There are no active or past mines in the watershed. Development

pressure in the water basin is consedieto be low.

Comparative Guidelines Project - 2008
Pound Cove Brook

u] 3 6 12 Kilometers
A L 1 1 1 | 1 1 1 |

Figure 41 Pound Cove Brook
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2.3.1.1Dissolved Organic Carbon and Hardness

There is a good lonterm data set for Rmd Cove Brook that has been analyzed by

Water Resources Division (draft 2007). In the period between 1987 and 1996, 126
measuremas were made of dissolved organic carbon while only an additional 22
measurements were made to the end of 2006. The fluctuation of the DOC values through
that period is shown in Figue Hardness values for Pound Cove Brook are plotted in
Figure®.

Figure 5
Pound Cove Brook - DOC
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As can be seen from Figusethe lowest DOC values were generally recorded in either
April or May in the 1987 to 1996 period of time. These low values ranged from 4 mg/L
in April 1994 to a high of 8.1 mg/L in May 199This indicates that the April i May

period will be a key sampling period when we could expect the lowest DOC values

It is interesting to compare this to hardness concentrations plotted in Bigure lowest
hardness values coincided with the low DOC period, indicating again that thé April
May period will be a key window for testing Water Effects Ratio in Pound Cove Brook.

Total organic carbon would have the largest ameliorating potential impact on reducing

12
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toxicity of metals such as copper; however, its influence on other metals such as
aluminum oriron is currently not known. knighttherefore be important that some
sampling be carried out when TOC values might be expected to be at their highest

concentrations.

Since increased TOC values likely would originate from runoff that cargesic

matter, one might expect that these higher concentrations would occur during periods of
high water flow (and low hardness concentrations due to dilution effects). In general,
high TOC values seeitn correspond (Figurg) to the period from late de to the end of

the summer on a yearly basis, with July being one of the mgsteine months with

lowest valueslt must be noted that the low hardness concentraiégare 6)are

generally 2 mg/L or slightly lesbut that peak concentrations are oinlyhe 4 to 5 mg/L
range.This suggests that we are unlikely to see great differences among any of the

sampling periodsbecause of the small range of hardness values

Table 2i Summary of DOC and Hardness Concentrations (mg/L) in Pound Cove Brook

DOC Hardness

Number of Values 148 145
Maximum 22.9 5.6
Minimum 4.0 1.1
Mean 10.9 2.6
Standard Deviation 3.4 0.79
90th %ile 15.6 3.71
95th %ile 16.4 3.94
Mean + 2 SD 17.6 4.2

13
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Figure 6
Pound Cove Brook - Hardness
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In an attempt to see whether another variable might help to pregharhifOC values,
we plotted turbidity values through time on the assumption that higher turbidity would
reflect periods of higher runoff and higher TOC concentrations. The data are plotted in

Figure7 below.

Figure 7
Pound Cove Brook - Turbidity
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It is apparentrom the graph that turbiditig generally low, likely meaning that runoff is
not a large component of the flow. Peak values, if they are to occur, seem to take place in
the autumn of many years (October through December).

2.3.1.2Aluminum

As noted earlier, the CCME guideline for aluminisieing revisedhowever, there has
not been a draft document produced since abol. 20 present CCME guideline
value for waters with pH less than 6.5 is 5 pgA.dissolved aluminunThis guideline is
a value that is well below dibtal aluminum masurements in Pound Cove Brook.
Aluminum concentrations in Pound Cove Brook do not appear to be incrégsjace 8)

and have no relationship to turbidity levels (Fig8ye
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One technique used in most cases to develop-as#tafic guideline is thbackground

concentration approach. Inherent in this approach is to developspsttic guideline

15



A Comparative Study of Sitespecific Guideline Methods

value that reflects background yet still provides an adequate degree of safety to aquatic
life.

Table 37 Summary of Aluminum Concentrations(mg/L) in Pound Cove Brook

Number of Values 128
Maximum 0.506
Minimum 0.130
Mean 0.257
Standard Deviation 0.066
90th %ile 0.351
95th %ile 0.378
Mean + 2 SD 0.390

From Table 3, it is apparent that a steecific guideline using the existing data would
lead b a value in the order of 0.35 to 0.40 mg/L total aluminum. Such a value, although
justifiable using thispproacteliminates angafety factor used to derive the original
guideline, and reinforces the need to use other techniques to developpesite

guideline.

The Rapid Assessment Approach is a technique to identify, foténgdata sets,

variables that may be a concern due to values approaching or exceeding guidelines, or
showing a deteriorating trend. Aluminyosing ths techniquebecomes aandidate
variable. Using the second method associated with the RAA, where a relationship is
developed with turbidity to eliminate high values associated with turlitthtyare not

likely a problem for aquatic life, this teclguie also fails since therg mo turbidity

aluminumrelationship preser{Figure9).

16
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Figure 9
Pound Cove Brook
Aluminum versus Turbidity
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2.3.1.3Copper

The current CCME guideline for total copper is a maximum of 2 pg/L for hardness
values from 0 to 120 mg/L. This is the range of hardness concentrations applicable to

Pound Cove Brook.

Total copper concentrations for the period of record have been plotted in Eipamd

are summarized in Table 4. Although the guideline value has been exceeded on occasion,
the maximum value of 0.0087 mg/L is only about four times higher than the guideline,

and certainly within the range of safety factors. Most importantly, the guideline has not

been exceeded since ¥99

If the background concentration approach were used to developspetiéic copper
guideline, the sitspecific guideline would only @eed the guideline if the 95

percentile (0.00@mg/L) or the mean plus two standard deviations were used @.003
mg/L) as the SSG valu&Jsing the background concentration technique, we would likely
select a value of abog@tug/L as the sitespecific gudeling or the same as the generic

guideline value

17
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Figure 10
Pound Cove Brook - Total Copper
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Table 47 Summary of Copper Concentrations(mg/L) in Pound Cove Brook

Number of Values 123
Maximum 0.0087
Minimum 0.0001
Mean 0.0008
Standard Deviation  0.0014
90th %ile 0.0015
95th %ile 0.0020
Mean + 2 SD 0.0036

If the RAA approach is used, copper which has exceeded the guideline would certainly
be a candidate variable; however, there is no correlation between copper and turbidity
concentrations (Figurgl), so the background concentration mggeh would be used to
develop a sitespecific guideline. The fact that the potential-sipecificguidelinedoes

not eliminate a large proportion of the safety factor, and copper values have met the
generic guidelines during the last ten years, it igcdit to recommend strongly the need

to develop a WER for copper in this water body.

18
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Figure 11
Pound Cove Brook - Copper versus Turbidity
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2.3.1.4lron

The CCME water quality guideline to protect aquatic life from iron is a maximum

concentration of 0.3 mg/L. This guideline is regularly exceeded in Pound Cook.B

Figure 12
Pound Cove Brook - Iron
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The data in Table 5 confirm that the guideline is regularly exceeded. If the background
concentration approach were used to develop @pdeific iron guideline, the sie

specific guideline would likely bthe 95" percentile (0.76 mg/L) or themean plus two
standard deviations (0.79 mg/L). Using the background concentration technique, we
would likely select a value of about 0.75 mg/L as thespecific guidelineThis reduces

the safety factor only minimally.

Table 57 Summary of Iron Concertrations (mg/L) in Pound Cove Brook

Number of Values 126
Maximum 0.992
Minimum 0.167
Mean 0.433
Standard Deviation 0.179
90th %ile 0.705
95th %ile 0.756
Mean + 2 SD 0.790

If the RAA approach is used, iron which has exceeded the guideline weotaohigebe a
candidate variable; however, there is no correlation between iron and turbidity
concentrations (Figure3), so the background concentration approach would be used to
develop a sitespecific guidelineThe potential sitespecific guideline woull eliminate

a proportion of the safety factor, so we would recommend developing a WER for

iron in this water body. However, as pointed out in earlier sections of this report, iron
can be a difficult variable to test because it can precipitate out. Foeaisisn, iron

would be a less desirable candidate for testing than aluminum.
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Figure 13
Pound Cove Brook - Iron versus Turbidiity
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2.3.2 Pinchgut Brook

Pinchgut Brook (at TCH bridge) has been sampled since August 1986 at site

NF02YJ0004 (latitude 48 47 51.00; longitude 58 03 43.00) wikitree kilometres

upstreamfom i t s confl uencévhwicthh i Ge adrrgae tnse dL akye Har
into the Gulf of St. Lawrenge

The headwaters of Pinchgut Brook consist of heavily forested hilly and mountainous

slopes draining into Pinchgut Lak&/atershed charactetiiss are summarized in Table 6

and the watershed is depicted in Figure 14.
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Table 67 Watershed Statistics forPinchgut Brook

Drainage Area 119 knf
Forested Area 102.3 knd
Barren 4.8 knf
Lakes 6 knt
Organic Terrain 6 knt
Mean channel length | 16.6 km
Mean channel gradient | 2.8 %
Elevation drop 464 m

Comparative Guidelines Project - 2008
Pinchgut Broo

0 g 10 20 Kilometers
‘ RS I P L) L [y [ |

Figure 1471 Pinchgut Brook
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The Pinchgut Brook watershed receives a mean annual precipitation volume of 1175 mm
that provides a mean annual runoff volume equivalent of 1200 mm. This means that there
is no storage of water in the soil, which would result in a low pH reflective of

precipitation chemistry and minimal buffering. Open water is present on a mean annual

basis about 108 days per year.

The basin is mostly till veneer and moraine deposits of blarthickness overlaying
bedrock. Tills vary from sitsand to claysilt and locally include ice contact sand and

gravel.

2.3.2.1 DOG pH and Hardness

There is a good lonterm data set for Pinchgut Brook that began in 1986 but that was
terminated for bout five years between 1997 and 2002. The fluctuation of the DOC
values through that period is shown in Figure 15, while ph values are plotted in Figure 16

and hardness values in Figure 17.

Figure 15
Pinchgut Brook - Dissolved Organic Carbon
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As can be seen from Figure 15, the lowest DOC values weezajigrrecorded in the
summer months with values as low as1.7 mg/L but usually no higher than 5 mg/L.
Exceptions to this have been as high as about 21 m/L in JuneTl#9&.is usually only
a small variation in DOC levels however with tHefrcentile alue of 2.5 mg/L and the
95" percentile of 4.4 mg/This indicates that thesummer period will be a preferred
sampling period when we could expect the lowest DOC valudsowever, it is likely
that any time would be acceptable.

The pH in Pinchgut Broolsihigher than expected based on the runoff and rainfall values.

The pH is generally higher than 7.0 and as high as about 8.5.

Figure 16
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It is interesting to compare this to hardness concentrations plotted in Eijto¢he
DOC. The lowest hardness values cailed with the low DOC period, indicating again
that thesummerperiod will be a key window for testing Water Effects Rati®inchgut
Brook; however, the 8 percentile was 58 mg/L and the™ercentile was 76 mg/L,
indicating that hardness is in a t@laly narrow band. This means that timing of
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sampling with respect to hardness is not crugialwell, we suspect that the minimum
hardness value recorded was an outlier, which if removed form the data set, would result

in a smaller range between thH2#&nd 9%' percentile values.

Figure 17
Pinchgut Brook - Hardness
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Table 77 Summary of DOC and Hardness Concentrations (mg/L) ifPinchgut Brook

DOC Hardness

Number of Values 140 139
Maximum 20.8 79.6
Minimum 1.7 20.7
Mean 3.7 68.4
Median 35 69. 8
95th %ile 4.4 76.1
5th %ile 2.5 58.0

2.3.2.2 Aluminum

As noted earlier, the CCME guideline for aluminum is being revised; however, there has

not been a draft document produced since about 2005 and it is not on the CCME work
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plar?. The present CCME guideline value for waters \pithgreater than 6.5 is 100 pg/L
as dissolved aluminum. This guideline is a value that is well above many aluminum
measurements in Pinchgut Brook. Aluminum concentrations in Pinchgut Brook do not
appear to be increasing (Figure 18) and have no relatiotostupbidity levels (Figure

19).

Figure 18
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% Personal Communication. Susan Roe, National Guidelines and Standards ®fficBwain. August 28,
2008
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Aluminum (mg/L)
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Piinchgut Brook - Total Aluminum versus Turbidity
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2.3.2.3 Copper

The current CCME guideline for total copper is a maximum of 2 pg/L for hardness
values from 0 to 120 mg/L. This is the range of hardness concentrations applicable to

Pinchgut Brook.

Total copper cocentrations for the period of record have been plotted in Figure 20 and
are summarized in Table 8. Although the guideline value has been exceeded on occasion,
the maximum value of 0.014 mg/L is about seven times higher than the guideline, and

within the range of safety factors. Most importantly, the guideline has not been exceeded

since 1994.
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Figure 20
Pinchgut Brook - Copper
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Table 87 Summary of Copper Concentrations (mg/L) in Pinchgut Brook

Number of Values 137
Maximum 0.014
Minimum 0.00002
Mean 0.0009
Median 0.0004
95th %ile 0.003
5th %ile 0.0002

Most values have been low, with thé'QEercentile value of 0.003 mg/L. Agith other
variables, there is no relationship between total copper concentrations and turbidity
(Figure 21).
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Figure 21
Pinchgut Brook - Copper versus Turbidity
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If the RAA approach is used, copper whids exceeded the guideline would certainly
be a candidate variable; however, there is no correlation between copper and turbidity

concentrations (Figure 21), so the background concentration approach would be used to

develop a sitespecific

not eliminate a large proportion of the safety factor, and copper values have met the

generic guidelines during the last ten years, it is difficult to recommend strongly the need

guideline. Théact that the potential sigpecific guideline does

to develop a WER for cqer in this water body.

2.3.2.4 Iron

The CCME water quality guideline to protect aquatic life from iron is a maximum

concentration of 0.3 mg/L. This guideline has not been exceeded in Pinchgut Brook

(Figure 22).
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Figure 22
Pinchgut Brook - Iron - total (mg/L)
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If the RAA approach is used, iron whibas been within 80% of the guideline would
certainly be a candidate variable; however, there is no correlation between iron and
turbidity concentrations (Figure 23), so the background concentration approach would be
used to develop a sipecific guidahe. The SSG based on this approach would be

0.3 mg/L.

Figure 23
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2.4 Timing of Monitoring and Variables for the Water Bodies

2.4.1 Critical Monitoring Periods

Two variables are considered potentially important for testing metals: hardness and
organic carbon. For the v bodies under consideration, the critical lowest periods
of time when DOC should be measured is between April and May for Pound Cove
Brook,andduring the summer timi®r PinchgutBrook

For hardness, the lowest concentrations are usually ségmiirio May in Pound
Cove Brook ancdsummerin PinchgutBrook. The critical periods of time are

summarized in Table.

Table 9 Critical Sampling Periods and Expected Concentrations
Water Body DOC Hardness

Pound Cove Brook | April i May (57 7 mg/L) | April T May (1-2 mg/L)
Pinchgut Brook Summer(2.57 4.4mg/L) | Summen58i 76 mg/L)

2.4.2 Metals That Should Be Tested for WER

We have considered three metals in our analysis: aluminum, copper, and iron.
Aluminum is certainly a variable in the Atlantic provincesl &Newfoundland that
frequently exceeds the generic guidelines, be it for water bodies with pH less than
6.5 or for those where pH is greater than 6.5. Based on using the background
concentration approach, we speculate thatsgeific guidelines for aminum

might be in the orderof 350 g / L 1 novdBrookpadd100eg/L in Pinchgut
Brook.
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The pH and therefore the generic guidelines of the water bodies is different,
meaning that the fAintrusiono into the
is significantly different. This add be quite an interesting aspect if part of the goal
of the project is to compare the impact on the two different levels. We do have
concerns and speculate that the high natural levels of aluminum might somehow
make developing a WER of any significanassgible. What we mean is that the

WER developed may be so low as to be of virtually no use in setting a SSG.
However, until testing is tried, there is no information to confirm or refute this

argument.

There is also theoncernthatwhen testing for alumum, one might not bable to
measure the monomeric form of aluminum as well agsissplved ototal
concentrationdHowever, there are no recent indications that the CCME plan to
continue developing the aluminum guideline based on monomeric alunmrthm

near future (not on the CCME plans)

The potential SSGs put forth in earlier sections for copper are summarized in Table
10. As can be seen, it is suggested that the generic guidimasppemay be
suitable for use in the Pound Cove Brook &mthgutBrook.

Table 10 Possible SSGs for the Water Bodies

Water Body Aluminum (Total) | Copper (Total) Iron (Total)
Pound Cove Brook 3501400 ¢g 2 egqg/l 0.75 mg/L
Pinchgut Brook 100 eg/ L 2 egqg/ 0.3mg/L

Iron is a variable that appears to be anire consisterttetweerthe wo water
bodies, at least where development of the SSG is concerned. The maximum

suggested SSG is onyo and onehalf times the generic guideline.
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2.4.3 Conclusions

Critical monitoring periods appear to be during the earlyth®af the year for
both DOC and hardness. The actual program design will depend on the ability to
collect samples and on the ability of the laboratory to analyze those samples.

Laboratory considerations are looked at in Chapter 3.

Table 11 Suggested Monlis for Sampling the Water Bodies

Water Body DOC Hardness
Pound Cove Brook April May
Pinchgut Brook Summer Summer

As for the metal to test, we feel trtiminumoffers the most potential. This is
based on

1 Possible SSGs based on other technigoiealéiminum in one of the water
bodies(Pound cove Brookiar exceed the available safety factor.

1 A new guideline for aluminum based on monomeric aluminum is unlikely
to be available for many years.

1 There is little benefit to testing faopper because tlseiggested SSGs are
at the generic guideline values for the water bodies.

1 There is no known relationship for iron with DOC or hardness. In that case,
the use of the WER could be a means to develop a meaningful SSG while
contributing to the scientific litature on whether these variables influence
iron toxicity. However, the proposed SSGs may be sufficient for reporting
purposes.
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3.0Testing Protocoli A Practical Guide for the Project

It is imperative that testing be performed uniformly and according to&bis

established by the US ER& CCME MacDonald (1997) has simplified these for Canada
and specifically for British Columbia and these are repeated here in context of the
Newfoundland situatioiMacDonald (1997hotedthe following:

fiThe procedures recmmended in this document for calculating the final WER are less
complicated than those that have been applied in the United States (see USEPA 1994).
The recommended simplification of the procedures is intended to make the procedure
more accessible and wsrdtandable to potential practitioners. In addition, the
modifications reflect the mechanics of the WQG derivation process in Canada, in which a
safety factor is applied to the lowest observed effect level. This conservative approach
provides room for fletbility in the derivation of the sitspecific WQOs, while still

providing a margin of safety for protecting designated waterases.

The following information should be collected during WER studies

1 We need to characterize both theite water and laboratory water used in the
study, including conventional variables.§, hardness, pH, D.O., water
temperature, alkalinity, conductivity, suspended solids, and total organic carbon
during collection and at start addt) andtotal and dissolved metals;

1 At the same schedule . @mperature, pH, and dissolved oxygen must be
measured in the chemistry controls of each treatment group for both site
water and laboratory water;

1 Nominal concentrations can be usecdithe rangefinding test;

1 As aminimum, the concentrations of the toxicant must be measured in all
treatments in which some of the test organisms were adversely affectéie
highest treatment that did not adversely affect any test organism, and the lowest
treatment that adversely affected all of the test asgas

q The concentrations of the toxicant should be measured in all test solutions at

the midpoint of the test(for static tests) or the midpoint of each renewal period
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(for static renewal tests). Alternatively, toxicant concentrations may be measured
at the beginning and end of the test or each renewal period;

T For metals, both total and dissolved concentrations must be measured in all
test solutions

1 The response data for all of the concentrations in the dilution series should be
reported to facilitate wre detailed evaluation of the toxicity data; and,

1 Appropriate quality assurance/quality control measures (e.g., replicates, sample
splits, matrix spikes, etc.) must be performedupport all analytical results.

3.1  Selection of Toxicity Tests

The folowing selection criteria thavere developed by MacDonald (1997) émist
effectiveapplicationin British Columbia and Yukon:

1 A minimum oftwo distinct toxicity tests should be conducted, including
acute bioassay and one shotterm chronic bioassay(Acute toxicity tests are
conducted over a short period of time in relation to the organism's life span
generally lasting minutes, hours, or a few days. By comparswanic
bioassays span a significant portion of the organism's life span (often more
than 10%) and are particularly appropriate for evaluating substances that are
persistent in the aquatic environmert third toxicity test (preferably a shert
term chronic test) should be conducted if the results of theffardjeg tests
suggest that thievo primary tests are likely to produce substantially different
WERSs {.e., more than a factor of 3);

q The test species used to determine WERSs should be in different orders and should
include at least one vertebrate and one invertebrate

1 The toxicity test should be conducted on sensitive life stages of sensitive species
of aquatic organisms and measure sensitive endpoints for that life stage;

q Thetest organism should be sensitive to the substanoesubstances that are
being tested;
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1 The duration of théoxicity test should be appropriate for the species and life
stage that is tested and for the endpoint that is being measured; and,

1 Static renewal or flowthrough tests must be used when exposure durations
exceed 48 hours

Based on the review of the aladule literature, the following tests are likely to be the
most appropriate for determining WERSs using\WieR procedure:

1 48-hour acute toxicity test using water fleas, includdaphnia magna, Daphnia
pulex or Ceriodaphnia dubigstatic test; EG or LCsp as preferred endpoints);

T 7-day shorterm chronic toxicity test using the water fle@griodaphnia dubia
(static renewal test; Kgfor survival and reproduction as preferred endpoints);

1 96-hour acute toxicity test using the amphipG&mmarussp. (satic renewal test;
ECsp or LCsp as preferred endpoints);

T 48-hour acute toxicity test using fathead minnoRsr(ephales promelastatic
test; LGo as preferred endpoint);

1 96-hour acute toxicity test using fathead minnoRsr(ephales promelastatic
rerewal test; LG as preferred endpoint);

1 7-day shorterm chronic toxicity test using larval fathead minno®snephales
promelas static renewal test; Kgfor survival and growth as preferred
endpoints); and,

q 96-hour acute toxicity test using a salmowithin the genu®©ncorhynchusr
Salmo(static renewal test; Bgor LCsp as preferred endpoints).

A listing of the preferred toxicity tests for determining WERs for various metals in
freshwater systems is preseniedhe following TableAmong the speces commonly
tested, rainbow trout and C. dubia generally provide the lowest WERS; therefore, at

least one of these species should be tested whenever possible
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Table 12. Preferred toxicity tests for determining water effect ratios (WERSs) for metals and

metalloids in freshwater systems

Metal Primary Tests Secondary Tests

Aluminum 7-d 1Cys5 on survival and/or 48-hr EG;o for Daphnid (Ce, Da

reproduction foCeriodaphniasp. | or Si)

Copper 48-hr EG;o for Daphnid (Ce, Da | 7-d ICy5 on survival and/or
or Si) reproduction foICeriodaphnia
sp.
48-hr LCsq for minnow (PP)
larvae 48-hr LCso for minnow (PP)
larvae

96-hr EG;o for Gammarussp.

Iron Hyalella? TBD

TBD

Ce: CeriodaphniaspeciesPa: DaphniaspeciesSi: Simocephaluspecies;
On: OncorhynchuspeciesSa Sdmo speciesPP: Pimephales promelas

3.2 Rangefinding Tests

A rangefinding test should be conducted for all of the toxicity tests that will be used to
determine WERSs. The purpose of the rafigding test is to determine the range of
chemical concenttens that are likely to cause a response in the test orgamisrder to

design definitive toxicityests Considerations for conducting ranfyeding tests include:

1 For each species, life stage, and endpoint, the information in the toxicological

data seshould be used to estimate the effective concentration of the toxicant;
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1 Rangefinding tests should be conducted using the type of site water that will be
used in the definitive toxicity testé., upstream water, actual downstream water,
or simulated dwnstream water);

1 Rangefinding tests should include appropriate negative control treatments
(solvent only) to assure the validity of each test;

1 Rangefinding tests must be initiated within 36 hours of collecting the site water;

T Rangefinding tests shdd be conducted for 8 to 96 hours using the same life
stages of the same species that will be used in the definitive toxicity tests;

1 The concentrations tested in the rafigeling tests should increase from roughly
a factor of 10 below the value indicatedhe toxicological data set for the
appropriate endpoint, life stage, and species. The concentrations in the dilution
series should increase by a factor of 3.2 to 10 from the lowest concentration
tested. Generally, six to eight concentrations shoulgdted to span the possible
range of effective concentrations of the toxicant. For example, if the lowdst 96
LCs of copper to Daphnia magna in the toxicological data set was reported to be
6.5 mg/L, then the dilution series for the rasfigeling test night include
concentrations ranging from 0.6 to 201 mgglg( 0.0, 0.6, 1.9, 6.1, 19.7, 62.9,
and 201 mg/L);

1 All of the doseresponse data generated during the toxicity test should be
reported; and,

1 Appropriate statistical proceduresd, Probit anajsis) should be applied to the
results of the ranginding test to determine median effective concentrations of

the toxicant in site water (based on nominal toxicant concentrations).

3.3  Definitive Toxicity Tests

Definitive toxicity testamust

1 be conduated using site water and appropriate laboratory dilution water;
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be conducted using the same type of site water that was used in thémdimge

test;

include appropriate positive (reference toxicant) and negative (solvent only)
control treatments tosaure the validity of each test;

be initiated within 36 hours of collecting the site water;

use he results of the rangending testand toxicological database identify an
appropriate dilution series for the toxicity tests that are conducted usgng si
water. The concentrations in the dilution series should increase by a factor of 1.1
to 1.5 from the lowest concentration tested (a factor of 1.4 is recommended).
Generally six to nine concentrations should be tested to span the possible range
of effecive concentrations of the toxict and,

use ppropriate statistical procedures (e.g., Probit analysis) should be applied to
the results of the definitive toxicity tests to determine median effective
concentrations of the toxicant in site water and ilmdatory water (based on

measured concentrations of the toxicant).

Laboratory Dilution Water

Some considerations for selecting and preparing laboratory dilution water for conducting

toxicity tests include:

should be available in adequate supply, ptadae to the test organisms, be of
uniform quality, and not unnecessarily affect the results of the test;

The laboratory dilution water must be a ground water, surface water, de
chlorinated tap water, diluted mineral water, or reconstituted water thalea
demonstrated to be acceptable to aquatic organisms;

must satisfy the requirements identified in the protocol for the toxicity tests that
will be used in the study. At minimum, test organisms should survive through
acclimation and testing without®@ling signs of stress, such as discolouration,

unusual behaviour, or death;
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1 should be similar to those of the site water in terms of water hardness, alkalinity,
and pH;
1 should haveoncentrations of total organic carbon and total suspended solids less

than 5 mg/L;and
1 the results of the toxicity tests conducted in laboratory dilution water should be
comparable to those conducted at other laboratareessimilar to the data

represented in the toxicological database).

35 Site Dilution Water

Dilution water for the toxicity tests conducted using site water should be obtained at
times when the WERs are likely to be the lowest,(when the factors that are likely to

mitigate toxicity are at the lowest levels).

36  Test Organisms
Test organismshould

q be obtained, cultured, held, acclimated, fed, and handled in accordance with the
guidance provided in the protocol for the specific toxicity test;

1 be acclimated to the laboratory dilution water for at least 48 hours prior to the
initiation of toxicity tests;

1 must be drawn from the same population and tested under identical conigitions

a pair of sideby-side tests

1 must be assigned to treatment groups in a random or impartial basis;

1 must be added to the test chambers for thelsyegde tests at thhsame time;
and,

1 must be observed at the intervals specified in the toxicity test protocol and

relevant observations must be appropriately recorded.
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3.7  Spiking Procedures
Considerations for spiking laboratory and site water include:

1 A stock solution sbuld be prepared using a highly soluble form of the toxicant.
For metals, it is generally acceptable to use nitrate, chloride, and sulphate salts;
1 Reagent or better grade chemicals must be used to prepare stock solutions for
spiking water samples;
1 The sane stock solution must be used to add the toxicant to all of the tests that are
conducted at the same time;
1 For the toxicity tests conducted using site dilution water, the test solutions should
be prepared using one of the four spiking proceduaresving the following
steps:
o divide the mixture into two portions;
o0 prepare a large volume of the highest test concentration of the toxicant
using one portion of the water;
o perform serial dilutions using the wetlixed spiked and unspiked samples
of the watel(i.e., using a graduated cylinder); and,
o allow the samples to equilibrate for a period of 1 to 3 hours.
1 For the toxicity tests conducted using laboratory dilution water, the test solutions
should be prepared using one of the two spiking procedwekving the
following steps:
o0 prepare a large volume of the highest test concentration of the toxicant in
the laboratory dilution water;
o perform serial dilutions using the wetlixed spiked and uspiked
samples of the laboratory dilution watee, using agraduated cylinder);
and,
o allow the samples to equilibrate for a period of 1 to 3 hours.
1 For each treatment group, sufficient identical replicates must be prepared to
support both biological testing and chemical analyses (i.e., chemistry only

controls).
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4.0 Results fom the Water Effects Ratio Testing Program

It was decided by Departmental staff following the initial analyses performed for Pound
Cove Brook and Wild Cove Brook that the latter water body may not be suitable for
testing at this time. Stafecommended tat Pinchgut Brook should be the water body
substituted for the testing program. In addition, it was decided that aluminum toxicity
would be tested in both water bodiss\ce this metal was a concern throughout

Newfoundland and Labrador ancetMaritime provinces in general.

The CCME(Canadian Council of Ministers of the Environmeamtjdelines for aluminum

are expressed as dissolved aluminum and are based on the 1987 CCREM (Canadian

Council of Resource and Environment Ministers) documiémse guidelines are that

dissolved aluminum concentrda ons shoul d not exceed 5 eg/ L ¢
pH >6.5.The latter document cites higher toxicity at lower pH values although the

At oxicity of aluminum is gr ebdordrgcentie duced at
CCME (2005 draft) have proped new guidelines for aluminum for pH <6.7, in terms

preferablyof monomeric aluminun(Table B) althoughinterimtotal aluminum

guidelines (Table4) are also citedAluminum is currently not on the work plan for

updating by CCME

Table 13 Draft CCME W ater Quality Guidelines for Inorganic Monomeric Aluminum for the

Protection of Aquatic Life

pH Range
<5.7 5.71 6.7 >6.7
Alim( €9 2.8 0.18 N/A

N/A = not applicable

Since the existing guidelines are expressed as dissolved aluminum, toxicity tests that

were conducted measured both dissolved and total aluminum concentrations. We were

* Personal Communication. Susan Roe, National Guidelines and Standards Office, to L. Swain. August 28,
2008.
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not aware of any laboratories with the atighl capability to measure inorganic

monomeric aluminum at the time of the testifige important fact to remember is that

the purpose of the testing was to establishspeific guidelines (SSGs) for aluminum,
likely using a water effects ratio (WERJocedure. The fact that actual toxicity data were
generated for the two water bodies means that actual SSGs can be developed for the
water bodies with great confidence, since we are not using studies conducted by chance
by other researchers who may haee performing tests for other purposes and under
restrictive conditions with potentially arbitrary safety factors applied.

Table 14: Draft CCME Water Quality Guidelines for Total Aluminum (¢ g / far Yhe Protection of

Aquatic Life
DOC (mg/L)
pH 0.5 2.5 5.0 7.5 10.0
4.4 6.1 6.1 6.3 6.5 6.7
4.8 6.7 7.2 8.1 9.6 11.9
5.2 8.4 8.7 12 154 20.3
5.6 9.8 11.6 14.9 19.3 25.2
6.0 9.2 10.8 13.7 17.8 23.2
6.4 7.4 8.2 9.7 12.1 15.6

Tests performed for both Blod Cove Brook and for Pinchgut Brook were acusgcity

tests using Rainbow trouDfcorhynchus mykissvith measurements after 24 hours and
the standard 96 hours. In addition, reproduction and survival tests using the Cladoceran
Ceriodaphnia dubiavere measured with effects measured and reported favaas

LC50, NOEC, LOEC, and for reproduction as NOEC, LOEGs #dd IG. Tests were
performed using laboratory wat@rardness adjusted to match site wadsrjvell as site
waters. Results were reported both as total and dissolved concentiagbasld be

noted that LOEC and NOEC values are actual values that will depend on the dilutions
selected, whereas i€and IG values are determined statistically from the actual testing.

Thus there can be situations where ag ight behigher than a LOEC
It must be remembered that in reviewing these results that we provide in the Tables in the

following sections that there are confidence limits associated with each of these reported

endpoints. For this reason, when WER values have a ratio calculatéd as/e have
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reported it as 1:1 since confidence limits in such cases usually overlap. We have not done

the same should ratios be greater than 1:1.

In addition, it should be noted that where values for an endpoint have been reported as
greater than a caentration, that a WER has not been calculated. Similarly, we have
done the same for the reported NOEC concentrations since these could occur at any

number of points in the continuum. .

4.1 Pound Cove Brook

Pound Cove Brook water was sampled April 28)&@and arrived in the testing facility
May 1, 2008. Testing began May 2, 20B&sults are reported for the test endpoints in
Tables 5 and 1 and water effects ratios are also calculaktardness in the laboratory
water was about 90 mg/L to match thaPiound Cove Brook at the time of sampling.

Water Effects ratios for thehronic and acute tests are similar, being up to a ratio of
1.41:1 for the 1G5 total valueand 4.90:1 for the dissolved value. Interestingly, thg IC
values were 1:1 for total artd14:1 for dissolved aluminum. These ratios are very close
to what was determined using the acute toxicity tests for Rainbow trout.

Table 15. Toxicity Testing Results for Pound Cove Brook Total Aluminum ( € g/ L)

Test Pound Cove Brook | Laboratory Water | Water Effects
Ratio (WER)
Rainbow Trout
24-hour (survival) 671 525 1.28:1
96-hour (survival) 671 490 1.37:1
Ceriodaphnia dubia
LCso (survival) 632 900 1:1
NOEC (survival) 525 635 -
LOEC (survival) 850 1300 1:1
NOEC (reproduction) 365 315 -
LOEC (reproduction) 525 635 1:1
IC,s (reproduction) 240 170 1.41:1
ICs0 (reproduction) 430 523 1:1
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Table 16. Toxicity Testing Results for Pound Cove Brook Di ssol ved Al uminum (eg/ L)

Test Pound Cove Brook | Laboratory Water | Water Effects
Ratio (WER)
Rainbow Trout
24-hour (survival) 539 110 4.9:1
96-hour (survival) 539 98 5.5:1
Ceriodaphnia dubia
LCso (survival) 474 110 4.31:1
NOEC (survival) 410 55 -
LOEC (survival) 595 375 1.59:1
NOEC (reproduction) 315 47.75 -
LOEC (reproduction) 410 55 7.45:1
IC.5 (reproduction) 202 41.2 4.90:1
ICs0 (reproduction) 355 69 5.14:1

Since the water quality guideline for aluminum is currently expressed as dissolve

aluminum, the resulting SS@ofn this work would be calcated by applying the
geometric mean ofthefgandIGodat a (5: 1) . The guideline for
pH <6.5 and >b6.6.0he®aundlCova Brook Whteat wadested was at

about the pH 6.5 level which makes application of the WERcditfiHowever, the

historic data for Pound Cove Brook indicate that the pH is always <6.5. Thus, using the

WER, the calculated SSG would be 25 eg/ L.

Before this is accepted, we need to confirm that such a concentration is reasonable base

on the toxicitydata from this workLooking at the data in Tableélthe lowest value
showing an impactisthej¢v al ue for reproduction at 202 ec
times higher than the SSG suggested from our analysis, and is in the same order as the

safety factos often applied (10:1As wel | al | sur viThwsit data exc
seems like a reasonable SSG. The other option for the Department would be to apply a
safety factor of 10:1 to the 1 C25 value and
factar is arbitrary and we would recommend that the SSG based on the WER is better.
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4.2 PinchgutBrook

Pinchgut Brook water was sampled April 7, 2008 and arrived in the testing facility April

9, 2008. Testing began April 15, 20@8esults are reported fdne test endpoints in

Tablesl7 and18 and water effects ratios are also calculak¢atdness was about 10mg/L

in the laboratory water to match the hardness in Pinchgut Brook at the tsammpling

Table 17. Toxicity Testing Results forPinchgut Brook T To t a |

Al umi num (eg/ L)

Test Pinchgut Brook Laboratory Water | Water Effects

Ratio (WER)
Rainbow Trout
24-hour (survival) 10539 10577 1:1
96-hour (survival) 10539 10577 1:1
Ceriodaphnia dubia

LCsp (survival) >2100 >2100 -

NOEC (survival) >2100 >2100 -

LOEC (survival) >2100 >2100 -

NOEC (reproduction) 170 600 -

LOEC (reproduction) 320 1150 1:1

IC5s (reproduction) 282 496 1:1

ICso (reproduction) 478 655 1:1

Table 18. Toxicity Testing Results forPinchgutBrook 1 Di s s ol ved

Al umi num (eg/ L)

Test Pinchgut Brook Laboratory Water | Water Effects
Ratio (WER)
Rainbow Trout
24-hour (survival) 772 800 1:1
96-hour (survival) 772 800 1:1
Ceriodaphnia dubia
LCsp (survival) >407 >218.8 -
NOEC (survival) >407 >218.8 -
LOEC (survival) >407 >218.8 -
NOEC (repraluction) 143.8 218.8 -
LOEC (reproduction) 268.8 186.3 1.44:1
IC25 (reproduction) 176 146 1.21:1
ICsp (reproduction) 293 >218.8 -

As noted earlier, the water quality guideline for aluminum is currently expressed as

dissolvedaluminum;the resulting SG from this work would be calculated by applying
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theratio for thelC,s value of 1.21:1. We could not apply the geometric nfeathe 1G5

and IGy in this caseas we did for Pound@ve Brooksince no WER for the I§g data

could be calculated. The guided for dissolvedi5 € g/ L at pH <6.5 and 1
>6.5. The Pinchgut Brook water that was tested was at about the pH 8 @Whéde¢he

historic data folPinchgutBrook indicate that the pgenerallyis always>6.5. Thus,

using the WER, the calculated SSG wouldlB8e g bdsed on the generic guideline of

100 .eg/ L

Before thisSSGis accepted, we need to confirm that such a concentration is reasonable

basel on the toxicity data from this work. Looking at the data in TaBlehe lowest

value showing an impact is th@,s value for reproduction d@76¢ g /although the

NOECf or reproductioanwaal hbsutviliddl edgata were
Thus based on the toxicity data from this test, we would not expect any adverse

implications on either Daphnia or raiow trout using the proposed SSG, which therefore

seemgdo bea reasonable SSG. The other option for the Department would be to apply a

safety factor of 10:1 to the jgvalue and applyaSSGd7¥.5¢ g/ L; however, that
factor is arbitrary and we wad recommend that the SSG based on the WERédter

choice

4.3 Discussion andConclusions

The two water bodies used for this testing progra2008, Pound Gve Brook and

Pinchgut Brook had distinctly differepH values which generally coincidedtivbeing

below the pH of 6.5 or above that ptéspectivelyWhen the laboratory test water had
hardness adjusted to match the harnesses in the water bodies, the pH in the laboratory
waters was not adjusted. This could be an important factor in toxiciti@soratory

waters, especially for Pound Cove Brook. It is suspected that if the pH had been adjusted
downward in the laboratory water to more closely match Pound Cove Brook water, that
the toxicity results would have been lower and the resulting WHRs&igher than

reported. We recommend that future testing program where pH can be an important
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variable such as for aluminum ensure that the hardness (as was done for this testing) and

the pH of the laboratory test waters be adjusted to match thatwatbebody.

The existing aluminum guidelines, expressed as dissolved aluminum, are quite different
at pH levels below or abov&5. As such, the testing provides important information for

water bodies in Newfoundland and Labrador, as well as in theiiMaiftrovinces

The WER procedure for Pound Cove Brook leadtoa SSGof@3 L compared to a
generic guideline of 5 e€g/L. This SSG is abo
where chronically toxic effects were noted. For Pinchgut Brook, the SSG was only 120

eg/ L compared to the gener iesugddffets levelise of 10
less than twice this concentration.
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5.0Future Testing Programs

I n June 2007, four
these might be suitable for future testing. The four water b@aieseedingrom north

to south on Figure 21yere:

werd geounetritio td deersninenwehethrer

1 Virginia R at headwatefSnvirodat site numbedF02ZM0098,
&nviro@ausiteenumb&&FO24M01B4 a d
1 South Brook at HeadwateEswirodat site numbedF02ZM0185 and

1 Waterford RivelEnvirodatsite numbeNF02ZM0182

1T Learyods Brook

Figure 24

Locations of Potential Eastern Region Sites
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The four water bodies are discussed according to the priority for samplingfeach.

description of the watershed characteristics is also inclirteat to testing, data for the
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water bodies needs to be reviewed taidg the variables of concern and the critical

sampling periods.

5.1Virginia R at H eadwaters

The Virginia River at Headwaters sitdR02ZM009§ has been operational since

August 17, 1998Figure 21) Itislocated n St . J o h rMfronsthed ownst r eanmn
Pippy Pak Golf Courseat an elevation of 170 m andlatitude: 47 35 56.0&nd

Longitude: 52 43.7.0Q Development Pressure at the site is considered tovbe |

The site $ at theend of FirdalePlace;approximately 50 nfurther alongside the

fence toward thetream;and down alight embankmentyith samplingsite

located in center of stream.

The headwaters to Virginia River are marshes located near Penetanguishene in
Airport Heights. The river runs southeast through some urban areas before
draining into Virgina Lake.Virginia River continues from Virginia Lake and
eventually drains into Quidi Vidi Lake and then iQaidi Vidi Harbour. The

main channel length from the headwaters to the sampling §ité ksn and the

length from the sampling site to the moofithe river is 8.51 km.

The drainage area is only00 kmawith a mean channel length @50 km The
mean streamrgdient: 2.00 %The basin consists mostly of bedrock with little or
no surficial sediment and a blanksttill (greater than 1.5 m). ®re is a small
portion at the north of the basin where a veneer of till (lems 1.5 m) over the
bedrock. Till consists of a mixture of grain sizes from clay to bouldersyaad

deposited by glacial action.

The mean annuakecipitation:1400 mmwith amean anualrunoff of 1200mm

The river has ice for less than 55 days on average. Fish species present include
Atlantic salmon Brown Trout, Brook Trout, Rainbow Smelt and Stickleback. A
1981

50



A Comparative Study of Sitespecific Guideline Methods

study by fisheries biologists found a trout biomass of up tp p€ér square miet

in Virginia River.

WaterSurvey of Canada operated a hydrometriateon (02ZM019 from 1985
19980n theVirginia Riverat Cartwright Place4.3 kmfurther downstream. At
that site (drainage area ®555km3, the mean daily dischargeas0.24m?/s, with
a maximum daily discharge 8f56m°/sin May 1985and a nnimum of 0.010
m>/sin Sepémber1988.

The Virginia River near its headwaters is easily reached by road and although
relatively near to residential construction, appears @ fgtable sit¢Plate 1)
Other sites just upstreamoi the existing site are easily reached by foot and
showedgood flows.The only possible concern with the existing site is that it is
immediately adjacent to a residential development.

AR

Plate 17 Virginia River at Headwaters (Site NFO2ZM0098)

For this reason we looked at possible locations upstream from the existing site.
The best possible site is shown in Plates at the entrance to the site, looking

upstreanfrom the site, and looking downstredrom the site.
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Plate 37 Looking Upstream atBest Possible Sité Virginia River
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Plate 41 Looking Downstream atBest Possible Sité Virginia River

5.2 South Brook at Headwaters

South Brook aHeadwaters NF02ZM0185 has been operational since
Augustl998 It is located atdtitude: 47 29 37.08nd bngitude: 52 51 2.0at

an elevation 0160.00m Development pressure near the site is considered to
be bw. It is located just outside of MounePa r | in St. Johnos.

The site is accessed from the Trans Canada Highetiy(to Ruby Lineand
thenright onto Great Southern Drive and park vehicle on corner of this road
and Treetorive (near bridge)Sampling is from theente of the stream);

approxmately 5 m upstrearftom thebridge.

South Brook starts in a marshy area sdugm Mount Pearl. This marshy area

is withinthe Southlands subdivision althouggryis contributedo this

53



A Comparative Study of Sitespecific Guideline Methods

sampling site. The main channel length from the headwaters sanmging

siteis 3 km and the length from the sampling site to the mouth of the river at
St. John's Harbour is 11.5 kiéfter the sampling site at the headwaters, South
Brook joins Waterford River in Bowring Park asnajor tributary to this

system.

The dainage gea:6.20 km#vith aperimetedength:of 6.80km The mean
channel length i8.00 kmat a gradient 09.70 % The mean annual
precipitationis1400 mmwith a mean annual runoff &200mm There is

usually less than 55 days of ice cover.

Water Surey of Canada operated a hydrometric statii#z(M021) on the
brook at Pearl Town Road from 1986 until 1998. The drainage area at that
station is9.21km? It had a mean dailyistharge: 0.4m*s, with a maximum
daily discharge 010.7m%s in Fetruary1991and a minimum daily discharge
of 0.015m*/sin Sepember1987.

The basin is mostly covered by a veneer (less than 1.5m) of till over bedrock.
Till consists of a mixture of grain sizes from clay to bouldersyasd

deposited by glacial action. In teasern and western regions of the basin
there may be a blanket (greater than 1.5m) of till ovebéueock, however

the majority is veneer covered.

Fish species present includdantic Salmon, Brown Trout, Brook Trout,

Rainbow Smelt and Stickleback.
Theheadwaters are near the Trans Canada Highway (Route 1). The sampling

site is located alongside secondary roads in Southlands subdividien.

Woods" golf course is located within the basin near Southlands subdivision.
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South Brooknear its headwate(Plae 5)is easily reached by rodmlit seems
to be an area where residential development is occyPiate6). Other sites

just upstream from the existing sdan bereached by foot and showsdme

flow.

Plate 61 South Brook at Headwaters(Construction signs)
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South Brook also looks like there may be some other human activities above the

sampling site (Plate 7).

Rp— j

THE
L AT SOUTHLANDS
Thank-You, Please Come Again. ‘

\.‘);?.1

www.thewoods.ca |

Plate 77 Upstream from South Brook at Headwaters

53Learyods BrrdRngRoad Out

Learyds Br ook aNFO2ZM01894ir n R$ th .washaiddea o §
August 1998. It is located at latitud& 34 16.0@nd longitudes2 47 29.0@Gt an
elevation 0f144.00m Developmenpressure at the site is considered todve |

The site is located on the Outer Ring Raadut 1 km before the Thorburn Road
Exit (heading Vst on Outer Ring Road)he site is in the middle of the brook.
The headwaters for Leas/Brook are Hummocky Marsh and Yellow Marsh. This
sampling site (NFO2Z184) is located very near the headwaters and only

Hummocky Marsh hasontributed to the river up to the sampling site.
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The main channel length from the headwaters tcanepling site is 1.2 km. The
length from the sampling site to the mouth of therrigel2.1 km.The drainage
area is onlyL.60 km? Thepenmeter length i$.20kmwith a mean channel length
of 1.20 kmand a mean stream gradientlof0 %

The basin consists mostly of a veneer of till (less than 1.5m) over the bedrock.
There isa smallportions at the east and west of the basin where there is bedrock
with little or no surficialsediment and a blanket of till (greater than 1.5m). Till
consists of a mixture of grain sizes from clayptmlders, anavasdeposited by

glacial action.

The mean annual precipitation1400 mmwith a mean annual runoff @200mm
There are usualless than 5%8lays of ice cover. Thé/aterSurvey of Canada
operated a hydrometritagion (02ZM017) from 19831998 (drainage area of 15.3
km2. The mean daily dischge was0.61m?*s with a maximum daily discharge of
18.5 nf/s in May 1983and a minimum dailyidchargeof 0.021 ni/s in De@mber
1996.

Fish species present includdantic Salmon, Brown Trout, Brook Trout,
Rainbow Smelt and Stickleback.

Amajorconcerrmbout Learybés Brook at Outer Ring

sampling site to the Trans Canada Highway. In fact, the brook runs parallel to the
highway ditch and would likely be subject to salt problems.
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Plate8i Learyés Brook at Outer Ring Road

5.4Waterford River

Waterford Riverat Bremigans Pon@INF02ZM0183 is located at latitudé7 31
7.00and longitudés2 51 21.0G@Gt an elevation 0166.00m Development pressure
isconsideredtobewal t hough parts of .the basin are

To accesghesite when kading west, turn off Out&ing Road (approximately
500 m before the exit to CBS) onto a dirt road; drive approximately (okera
hill) to the edge of the pond. Tlsampling sitas located at dam on east end of
pond The sampling site i@most directly at the headwatessthe distance from
the headwaters to sampling site is ocalyut 1 km.

Very little human activityaffects this sampling site (NFO2ZM0182) because the
headwaters are in a rem@tesa. The distance from the sampling &téhe mouth
of the river is 14.33 km. The mouth of the riekeains into St. John's Harbour.
Downstreanfrom Bremigar@s Pondthe river flows through Mount Peahd St.
John's. The drainage area is dn80 km3with the pond bein@.15kmz2 There is
0.3kkmz of forested area and apmeterdength of5.90km The man bannel

length is1.50 kmwith a mean Stream Gradient@b6 %
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The aurficial geology consists @ generally thin (66 m) overburden, composed
of a very compact, poorlyorted lodgment tilbverlain by a till deposit which is

looser and more permeable.

The mean annuakgcipitation:1400 mnnesults in a mean annual runoff of

1200mm There is usually less than 55 days of ice cover.

TheWaterSurvey ofCanada operated a hydrometric sta(ioaZM011) from
19811984nearDonovan's Industrial Parlt had a drainage areabf.40km2 a
mean daily discharge 652m%s, a maximum daily discharge 4556 ni/sin
October1983and a minimum daily discharge ®0068 ni/sin August 1984.

Fish speciepresent includ®rook Trout, Brown Trout, Stickleback and Eel.
Brown trout are the dominant speciesnost parts of the river. Brook trout are
most abundant in the upper portion of the South Btabktary. Though the
system has potential for recreatibfighery, it is seldom fished due to concerns

with pollution and fish quality.

When the Waterford River wagamined at the outlet fromBregnan 6 s Pond,
was noted thahere was no flow from the outlet structure (PRjteThe weather
in the previousveek had been relatively wet, suggesting that because of the non

existent flows, that this would be a poor choice for future work.
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Plate 91 Waterford River at Bremig a n 6 s 1T Gutlet $tructure
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Appendix 1

Assessment oWild Cove Brook

Wild Cove Brook drains a steeply hilled but small area into a deep valley. The brook is
heavily forested, and drains Fox Bow Lake and Wild Cove Lake. The lowtdiris
basin are dominated by an extensive marsh cover. The headwaters of Wild Cove Brook

are only about 5 km upstream from the sampling site.
Wild Cove Brook (at Route 440) has been sampled since January1989 at site

NF02YL0029 (latitude 48 58 28.00;rgitude 57 53 2.00) which is only 7.0 metres

above sea level. Wild Cove Brook drains into Humber Arm.

Watershed Statistics forwild Cove Brook

Drainage Area 10.2 knf
Forested Area 9.00 knf
Lakes 0.6 knf
Organic Terrain 0.6 knf

Mean channel length | 5.3 km

Mean channel gradient | 6.1 %

Elevation drop 323 m

The watershed characteristics show that relative to Pound Cove Brook, Wild Cove Brook
drains a much smaller area but is much steeper terrain than found at Pound Cove Brook.
The Wild Cove Brook watshed receives a mean annual precipitation volume of 1150

mm that provides a mean annual runoff volume equivalent of 1050 mm, or virtually no

retention in soil present. Although precipitation is about the same as for Pound Cove
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Brook, the steep gradient Wfild Cove Brook area means that most of the precipitation

ends up as runoff. Open water is present on a mean annual basis about 250 days per year.

The basin is dominated by mostly sands, gravels, and silts. There are no active or past
mines in the watergd. Development pressure in the water basin is considered to be low

with no residents living in the basin perimeter.

1-1  Dissolved Organic Carbon and Hardness

In the period from 1989 to 1994, there were 86 DOC values while in the intervening
period fran 1995 to 2006, there were only 25 values in West Pound Cove Brook. DOC
values for Wild Cove Brook are plotted in Figurd While hardness values are plotted as
Figure 2.

DOC values for Wild Cove Brook are in the same ranges as found for Pound Cove

Brook, with low values of about 6 mg/L and high values of about 15 mg/L.

Figure 1-1
Wild Cove Brook - DOC
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DOC values in Wild Cove Brook appear to be more stable than in Pound Cove Brook and
are generally in the 6 to 15 mg/L range. Low DOC values generally occur in the spring
period fran February through April but have actually on an annual basis occurred in the
autumn as welWe are most likely to have success capturing low DOC events during

the spring period.

If, as stated earlier, increased TOC values likely originate from ruraifttiries organic
matter, one might expect that these higher concentrations would occur during periods of
high water flow (and low hardness concentrations due to dilution effects). Thus, the

period of lowest hardness may correspond to the period of higo€s

The hardnss of Wild Cove Brook (Figure-2) is significantly higher than for Pound
Cove Brook, generally being in the 100 to 150 mg/L range (Tat)eLow values on
an annual basis generally occur during the March through May period, so this wiil
be a crucial period for testingfor WER.

Table 1-17 Summary of Hardness (mg/L) in Wild Cove Brook

Number of Values 93
Maximum 269.9
Minimum 83.4
Mean 120.4
Standard Deviation 24.7
90th %ile 135.1
95th %ile 142.4
Mean + 2 SD 169.8
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1-2  Aluminum
As noted earlier, the CCME guideline for aluminum is being revised. The current
guideline is pH dependent and in Wild Cove Brook, pH is more basic than in Pound Cove

Brook. A summary of pH is in Tablk2.

Table 1-27 Summary of pH in Wild Cove Brook

Number of Values 92
Maximum 8.33
Minimum 6.32
Mean 7.51
Standard Deviation 0.50
90th %ile 8.18
95th %ile 8.20
Mean + 2 SD 8.52

The present CCME guideline value for waters with pH greater than 6.5 is 100 pg/L. This
guideline is a value that is wdlelow many total aluminum measurements in Wild Cove
Brook.
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