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1.0 Introduction 

1.1 Purpose and Objectives 

South Nation Conservation (SNC) has embarked on a process to review current water 
quality monitoring activities. In particular, SNC are particularly interested in addressing 
the following issues: 

a Is watershed water quality changing over time? 
a Is the watershed health improving? 
a Are SNC non-point source abatement programs effective at improving water quality? 

The Thompson Rosemount Group (TRG) in partnership with the St. Lawrence River 
Institute of Environmental Saences (SLRIES) was retained by SNC to review and re- 
focus water quality monitoring activities. 

To address these issues, several long-tenn objectives have been identified by SNC: 

Document watershed health and water quality conditions; 
Provide temporal and spatial trend analysis; 
Develop a plan to document the effectiveness of the SNC water quality initiatives; 
Prioritize and optimize the SNC monitoring strategy for physical, chemical, and 
biological indicator monitoring in a cost effective manner. 

The specific tasks associated with this report are: 

Evaluation of the current flow monitoring plan; 
Review of the Provincial Water Quality Monitoring Network (PWQMN) and 
Watershed characterization programs for locations, frequency and parameters; 
An evaluation of volunteer resources; 
Development of bio-monitoring criteria; 
Recommendation of simple techniques to demonstrate water quality changes; 

a Recommendations to monitor nutrient levels (eutrophication) and surrogate 
indicator(s) of phosphorus; 
Incorporate the above into an overall water quality monitoring plan. 

To accomplish the specific objectives, and in order to become thoroughly familiar with 
the characteristics of the watershed, a detailed review and analysis of hydrological, 
chemical and biological data collected on the South Nation watershed was carried out. 
Past reports and pertinent scientific literature on the watershed were also reviewed. 
Discussions with SNC staff responsible for water quality monitoring and some field 
observations were also conducted. This information was used to provide 
recommendations for an integrated water quality monitoring plan to address SNC 
objectives. 
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2.0 Results and Discussion 

2.1 Hydrological Assessment 

In order to assess the adequacy of the stream gauge network, it is important to 
understand the role of hydrology as a master variable in the watershed. A review of the 
existing stream gauges was undertaken in the context of the water quality component as 
part of the overall monitoring assessment. In addition to analysis of the temporal and 
spatial characterization of the flow data, a comparison of the hydrological function of 
South Nation watershed to other watersheds was also completed. 

Based on a review of existing studies, it is evident that land use plays an important role 
not only in stream flow but also water quality - a term described as its 'hydrologic 
function' (Watelet and Johnson 1996). The studies that were reviewed include existing 
work on the South Nation watershed (Wickware 1989, SNRCA 1983) as well as other 
similar basins (Watelet and Johnson 1996, Richards 1998). 

Stream gauge data for the basin was compiled from the Environment Canada water 
gauges for the South Nation watershed are shown on Figure 1 and listed on Table 1. The 
data was obtained from Environment Canada (Hydat 1998). This CD-ROM format 

I database contains mean daily and mean monthly flows. This database was used for 
hydrological assessment. The data record ranges from 80 years (1915 to 1995) for the 
South Nation at Plantagenet to 16 years (1979 to 1995) for the West Scotch River near St. 
Isidore. The 4 gauging stations that had discontinuous records or much missing data 
were not analyzed. 

Table 1 - Summary of Stream Gauge Locations and Record Duration 

South Nation River at Lmiew 
East Scotch Near St. loidom 

n River at Heckston 

The purpose of the hydrological assessment was to evaluate the monitoring network in 
relation to the water quality component. Using information from the existing studies 
(SNRCA 1983), the six major subwatershed boundaries were super-imposed on the 
watershed map (Figure 2). The gauge locations are also shown. A review of the existing 
studies shows that the land use is dominated by agriculture (60 % of the 391,000 ha 
catchment) followed by woodlands (23 %), idle land (9%), wetlands (2 %), and urban and 
other (6 %). Most of the woodland lies within the northern part of the watershed, north 
of Casselman while most of the tile-drained land are distributed across the central, 
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southern parts of the watershed. The stream gauge locations are distributed throughout 
the watershed and reflect the variability of the land use as discussed in the following 
sections. 

The mean monthly flow data from the 10 watershed gauges was plotted to observe the 
annual flow distribution (Figures 3 - 12). The East Scotch River gauge was not included 
in this study since the gauge was reported discontinued in 1991. 

The results illustrate that stream flow in the watershed consists of a short-duration, high 
magnitude spring freshet (March, April, and May) followed by a typically low flow 
period (June to September). There is a late fall period (November and December) of 
increased flow but still this is less than the spring freshet. Typically, about 60-80 % of the 
equivalent annual stream flow is discharged through the spring period. 

The flow records from each gauge were normalized by setting the peak flow equal to 
100% and plotting on one graph (Figure 13). The results show that for all but the 
Chestede gauge, the peak flow occurs in April. This is demonstrative of the snowpack 
melt in the upper watershed. The Spencede gauge, located in the upper watershed, 
also shows high flows in March. These results highlight the importance of characterizing 
upstream vs. downstream stations as discussed in Section 3.0. 

The summer baseflows are grouped closely at 3-7 % of peak flow. The winter baseflow 
ranges from 5-18 % - the higher results are at Heckston, Payne River, and Spencede. 
Figure 13 highlights the seasonality of the hydrologic response which also varies in each 
subwatershed. Again, the predominance of spring flow and its contribution (between 
60-80 %) to the annual flow volume is highlighted. 

It is important to understand that seasonal variations in flow are large and that land use 
plays a key role in this variation. In order to consider the temporal changes in stream 
flow on a sub-watershed (i.e. spatial) basis, the mean monthly flow data for a period of 
several years (between 3 to 5) at the beginning and the end of the period of record was 
analysed. For example, for Plantagenet, the monthly flow data was averaged between 
1915 to 1919 (reference level) and compared to the average for 1991 to 1995. Although 
precipitation and evapotranspiration data analysis for these periods is beyond the scope 
of this qualitative study, a 5-year averaging period was chosen such that dry and wet 
years would average out and not influence the flow data. The purpose of this simple 
technique is to demonstrate the relative difference in flow between January to December 
and thus highhght any change in hydrological function above a reference level. The 
results for each gauge are shown on Figures 14 to 22. It is important to note that the 
graphical results have not been normalized in this case. 

Generally the results can be divided into two groups: those with demonstrable flow 
changes above baseline; and to those not showing demonstrable change between the 
two periods. 
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The results provide the following observations: 

The gauges showing hydrologic alterations in decreasing order are: Castor River; 
Bear Brook; West Scotch River; South Nation at Casselman; South Nation at 
Chesterville; North Branch near Heckston; and Payne River near Berwick 
The gauges which are relatively un-affected between these two periods are: South 
Nation at Plantagenet (although this gauge has the highest flow and least resolution 
between the curves); and South Nation at Spencede. 
The Castor River and Bear Brook show about 50-100 % (3-6 m3/s) additional flow on a 
year round basis above reference level. The peak flow increased sharply in the 
Castor River at Russell to about 70 % (11 m3/s) above reference leveL The Bear Brook 
spring peak was also higher but only about 25 % (6 m3/s). These shifts suggest that 
(a) additional precipitation occurred through the 1991-1995 period or (b) that 
baseflow increased over time perhaps as a result of additional drainage works into 
bog areas or other undeveloped areas of these subwatersheds. Deepening channels 
for example would increase the baseflow. An analysis of the net precipitation during 
these periods as a well as a review of the drainage works should be undertaken to 
better understand the nature of the hydrological shift. A review of the precipitation 
record should be undertaken to superimpose its effect on the flow data. 
The west Scotch and the South Nation River at Chesterville and at Casselman display 
sharp spring peaks exceeding baseflow by as much as 100 1. The flow record for 
Casselman also highlights the change in summer base flow between the initial and 
current period of record. 

The implication of the spatial and temporal results is that developed areas (e.g. tile 
drained land) show a distinct hydrologic response. For example, in the Castor River 
subwatershed where fine-grained soils (e.g. clays) predominate, a summer storm after a 
dry period produces a rapid hydrologic response including erosion and sediment release 
into streams. It appears that excessive drying of soils (e.g. tile drainage) results in soil 
crust formation which exacerbates sheet runoff. 

As discussed in the proceeding sections, the proposed water quality monitoring program 
emphasizes the need to intensify the temporal component of the monitoring program to 
reflect the various hydrologic regimes (e.g. spring freshet, summer low flow, fall peak, 
and winter baseflow). 

The interpretation of flow monitoring must continue at the described stations 
commensurate with the water quality initiatims described in the proceeding sections. The 
hydrologicfinction is an integral aspect of watershed health and water quality. 
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2.2 Water Quality 

2.2.1 Approach 

Review of the water quality monitoring activities, including the Provincial Water Quality 
Monitoring Network (PWQMN) and other water quality programs was carried through 
inspection and analysis of the locations, parameters and frequency of the monitoring 
data obtained to date. The focus was on the most recent data (1990-97) although in many 
cases data from as far back as 1966 is available. The more recent data reflects the current 
trends of water quality conditions, as well as the possible results of efforts by SNC to 
improve water quality. 

Water quality has been monitored in the South Nation through various studies. A 
summary of current and past monitoring efforts is presented in Table 2. The longest 
water quality records have been collected as part of the PWQMN. The PWQMN includes 
8 sites in each of the sub-basins except for Bear Brook Of the 8 stations, 4 are located in 
the main reach of the South Nation River. Sampling intensity has varied from year to 
year, ranging from 1-12 times per year at the 8 stations since 1966. 

A second systematic study of the lower watershed was setup under the Cleanup Rural 
Beaches Program (CURB). Sampling for this p~)gram was undertaken with weekly 
samples from June - August during the penad 1992 to 1995. The Watershed 
Characterization program was initiated at several similar stations with sampling from 
April through October, 1996.97. 

Water quality in individual sub-watersheds has been also studied in recent years 
through various initiatives including: the Payne River study with weekly sampling for 
herbicides from 1991 -1992; the Ontario Reference Network with monthly sampling at 2 
stations in Bear Brook and Black Creek from 1992 -1% and the North Castor Study with 
sampling twice per month from April to October (1994 -1995). These data from studies 
serve as a useful comparison for the PWQMN studies. 

2.2.2 Previous Reports on Water Quality in the South Nation River 

It is informative to review previous reports and conclusions regarding water quality of 
the South Nation River. A thorough summary of most recent reports is presented in 
Appendix A (Water Quality Program Review by Sandra Porter, SNC) and salient features 
are discussed here. A report prepared by MacLaren Plansearch Lavalin (1982), hereafter 
MPL, identified the pivotal impacts of erosion olnd sedimentation on the water quality of 
the South Nation River basin. This report estimated that 80% of the total sediment load 
is transported from the sub-basins in the months of March, April and May. The Castor 
River, Bear Brook, and Scotch River basins discharge the greatest amounts of sediment. 
The same group also identified that water quality in the South Nation did not meet 
provincial water quality objectives for bacteria and total phosphorus (MPL, 1982). 
Significant phosphorus losses associated with eroded sediment were identified. The 
main contributors of sediment were found to be mass wasting open channel drains, and 
sheet erosion of fields. 
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The South Nation River Basin Water Management Study (Main Report, 1983) concluded 
that high total phosphorus (TP), bacteria and turbidity (i.e. sediment load) were the 
major parameters affecting surface water quality. Reductions in dissolved oxygen levels 
were noted during periods of low flow. The source of the contaminants was identified as 
both non-point sources (NPS) as well as point sources (PS). 

More recently, a study of water quality for the period of 1980-88 was produced by 
Wickware & Associates (1989) for the SNC. This report concluded that water quality in 
the South Nation and the Castor and Scotch tributaries was generally poor, with no 
evidence found for improvement in water quality over the study period. High 
phosphorus, turbidity and bacteria concentrations were identified as the major 
contributors. Nitrate, nitrite and TKN concentrations generally met provincial 
guidelines, and mean dissolved ovgen values ranged between 9.1 and 11.2 mg/L. 
Agricultural runoff, livestock activities, and fall discharges from municipal and industrial 
lagoons were suggested as major contributors to the high TP and bacteria levels. There 
was evidence for increasing turbidity levels in the Castor and Scotch rivers from 1980-88, 
perhaps a result of increased tile drainage in these basins. A linear relationship between 
TP and turbidity (3 = 0.72) was found for the lower South Nation River supporting the 
notion that suspended sediments are a key source of phosphorus. 

4 

An intensive sampling of the Payne River in 1987-89 was presented in a SNC report 
(1990). Bacteria and total phosphorus problems were attributed mainly to agricul- 
sources. It was concluded that biological oxygen demand, however, remained generally 
within acceptable levels. 

Provincial water quality data collected during the period 1967-91 from three stations in 
the main South Nation River was compared to the Rideau and Mississippi Rivers in a 
Masters' thesis by Zhu (1993). It was concluded that phosphorus contamination was a 
more serious problem in the South Nation than the Rideau and Mississippi Rivers. Zhu 
(1993) also observed higher turbidity in the South Nation (means 6.527 FTU) than those 
in the Mississippi (means 0.8-3.0 FTU) and Rideau (means 2 4  FTU) rivers. 

Zhu used a statistical approach called multiple regression to examine trends in water 
quality data in each of these rivers. An increase in turbidity of 46% in the South Nation 
for the years 1967-91 was detected by trend analysis. Increase in land drainage and 
erosion was suggested to be the major cause of the observed increases. It was estimated 
that total phosphorus levels had decreased by 37% in the main branch of the South 
Nation River between 1967-91; however, no trends were discernable for fecal colifom 
data. The decrease in TP was attributed to phosphorus discharge control programs, 
improved agricultural management practices, and the installation of phosphorus 
removal facilities. Decreased use of P-rich fertilizers associated with changing crop 
requirements may also have played a role in this decrease. Zhu (1993) concluded that at 
the rate of P decline for the South Nation River, between 1980 to 1990, phosphorus 
concentrations would remain substantially above the provincial guideline (0.03 mg/L) 
well into the 21st century. 
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Zhu (1993) examined the data set for possible relationships between individual water 
chemistry and physical parameters for the South Nation and presented the data in a 
form called a correlation matrix. Flow correlated sigruficantly (p > 0.001) with total 
phosphorus, total iron, alkalinity, pH, chloride, and turbidity. In addition, total 
phosphorus correlated sigTuficantly (p > 0.001, 9 = 0.66) with turbidity. These results 
were evidence that surface runoff carries phosphorus adsorbed onto soil into the river. 

A water quality index was developed by Zhu (1993) to compare the three rivers as shown 
in Figure 23. The index compares ambient levels of various parameters against the 
provincial water quality guideline. The index value was derived as a ratio of the mean 
value for a parameter and the guideline value. A value of 1.0 indicates water equivalent 
to the provincial water quality guideline. Using this simple approach, Zhu (1993) 
indicated that the South Nation river exhibited the poorest water quality (average 
relative index of 1.5) when compared with the Rideau (0.5) and Mississippi (0.3) rivers. 
Again, non-point sources were identified as the major cause of poor water quality in the 
South Nation river compared with the other two rivers. In fact, an estimated 93% of 
phosphorus loads were contributed by non-point sources in the South Nation watershed 
(Gore and Storrie, 1993). 

The Clean Up Rural Beaches (CURB) program was undertaken in 199295 with sampling 
for chemical, physical and bacteria parameters throughout the lower South Nation 
watershed. These studies supported earlier conclusions that phosphorus, bacteria and 
turbidity levels commonly exceeded provincial water quality objectives. 

In summary, there is general consensus among past reports that high phosphorus, 
turbidity and bacteria levels are the parameters contributing to poor water quality in the 
South Nation river and its tributaries. 

2.2.3 Water Quality Monitoring Network Review 

22.3.1 Locations 

Current water quality monitoring efforts in the South Nation watershed are based on the 
PWQMN and the SNC Watershed Characterization programs. Sampling locations for 
these programs are shown in Figure 2. The PWQMN sampling locations were examined 
and compared to the stream gauge locations. These locations are important because 
discharge rates or contaminant loadings from different tributaries are not equal. Water 
quality in the main stem of the South Nation continues to be largely dependent on major 
tributaries: Castor, Payne, Bear Brook, and Scotch Rivers which contribute large 
phosphorus and sediment loads to the main river. For most major tributaries, PWQMN 
stations are proximate to the stream gauges. One exception is the Payne River which 
does not have a PWQMN site. 

Many of the Watershed Characterization Network locations are complimentary to the 
PWQMN sites, including a station on the Payne River. These locations are concentrated 
in the lower basin, reflecting areas where specific NPS programs have been undertaken. 
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The PWQMN and Watershed Characterization Network sites provide sampling locations 
throughout the watershed. Such a widespread sampling base is appropriate for a 
'snapshot' analysis of the watershed, suitable to characterize the general chemical, 
biological and physical characteristics of the upper and lower South Nation River and its 
tributaries. It may also useful to pinpoint any consistent or episodic events. 

The major limitation to such widespread sampling locations is that would be 
prohibitively expensive to cany out analyses at a suitable frequency required for 
statistical trend analysis to characterize each sampling station throughout the year. To 
answer questions regarding long-term changes in water quality and watershed health 
using statistical approaches, it is therefore necessary to chose a smaller number of sites 
which can be sampled often, integrate all inputs, and as best possible represent the 
overall water quality of the watershed. 

2.3.3.2 Parameters 

The suite of parameters that have been used to monitor water quality are typical of the 
MOEfs surface water monitoring suite including temperature, pH, conductivity, major 
nutrients, cations, anions, trace metals, and turbidity. A review of the PWQMN data for 
the time period 1990-97 was carried out to augment the selection of parameters for 
optimizing the SNC water quality monitoring program. This analysis has included a 
review to identify data where mean levels between 1990-97 (indicating long-term water 
quality problems) exceed Provincial Water Quality Objectives (PWQO, MOE 1994) and 
Ontario Drinking Water Objectives (ODWO). Since agricultural use is the major land 
use in the watershed, Canadian Water Quality Guidelines (CWQG) for livestock 
watering, and irrigation are also noted. Table 3 outlines water quality parameters which 
exceeded these guidelines. A brief discussion of the parameters exceeding guidelines 
and the nature of the exceedences is provided below. These parameters include 
phosphorus, turbidity, E coli, fecal coliforms, and certain trace metals. 

Turbidity (Water Clarity, Suspended Solids) 

PWQO for turbidity measurements are defined as a Secchi disk depth not exceeding 10% 
of the natural Secchi disc depth. A more clearly defined objective for recreational water 
clarity is defined as a Secchi disk depth of greater than 1.2 m. During this investigation, 
Secchi disk depths were measured at several locations in the upper Payne River 
watershed, the North Branch of the South Nation near Inkerman, and the South Nation 
River at Chesterville. Secchi disk depth was found to range between 40 and 60 cm. 

Turbidity in the South Nation river increases from upstream to downstream locations as 
sediment input from tributaries mixes into the main branch of the South Nation River. 
Tributaries located in the lower South Nation (Castor, Payne, Scotch, and Bear Brook) 
carry the highest sediment loads. 

Poor water clarity is primarily caused by erosion of fine-textured clay soils as discussed in 
the previous section. Suspended sediments are sources for nutrient and contaminant 
transport and can reduce primary productivity- High turbidity is also associated with 
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poor habitat for most biological species. Highly turbid waters are not conducive to 
providing good sportfish habitat. 

Phosphorus 

Total phosphorus levels routinely exceed the PWQO of 0.030 mg/L in all sub-basins of 
the watershed. It is important to note that phosphorus is not toxic. Guidelines have been 
developed to limit phosphorus concentrations because it is the nutrient which 
determines the amount of algal growth in most freshwater systems. Excess phosphorus 
can lead to eutrophication, where high levels of free-living and attached algae impart a 
green, slimy characteristic to the water (algal blooms). By mid-summer, warm waters 
and bacterial decay of dead algae can deplete dissolved oxygen levels in eutrophic 
waters. In the worst cases, water becomes anaerobic resulting in fish kills and unpleasant 
odours. 

In addition to total phosphorus, filtered reactive phosphorus (FRP) levels in the South 
Nation and its tributaries are consistently higher than what is nomally expected in 
waters typically in this area. FRP analyses reflect the mount of phosphorus that can be 
detected in a water sample after the suspended sediment has been removed by filtration. 
In most freshwaters, filtered reactive phosphorus levels are below analytical detection 
limits of 0.001 m&. However, in the South Nation watershed, filtered reactive 
phosphorus levels can range as high as 0.10 mg/L. The filtered reactive phosphorus 
concentration is generally considered to be 100% available to algae. High levels of 
filtered reactive phosphorus indicate a system in which algae are not consuming 
phosphorus as expected. 

As indicated previously, Secchi disk depth at several stations in the Payne River and the 
South Nation River at Chesterville ranged between 40 and 60 an in mid-May 1998. By 
comparison, Secchi disk depths in the Raisin River are approximately 1m at the same 
time of year and between 5 - 7m in the relatively transparent St Lawrence River. These 
Secchi disk measurements, while very preliminary, indicate that algal growth is likely 
light-limited in the lower South Nation River. Turbulent mixing in small rivers can 
ensure that algae spend a majority of time at depths in the river where light does not 
penetrate - simply, plants do not grow in the dark. 

In addition, phosphorus discharged into the South Nation River watershed at its 
characteristic pH of 8.0-8.5 is probably bound to the iron- and aluminum-rich soils and 
not freely dissolved in the water. This situation occurs in areas that are susceptible to 
erosion of fine-grained soils. Evidence that this occrurs can be found from the good 
correlations between TP and turbidity measurements. Over the years 1995-98, good 
correlations are found between these two parameters for data from the Castor and Payne 
Rivers. Such relationships between TP and turbidity has been noted in earlier reports on 
water quality in the South Nation river (Wickware & Associates, 1989; Zhu 1993). 
Phosphorus bound to fine-grained soils is likely not bioavailable and will not sustain 
algal growth. 
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The relationship between the levels of algae and total phosphorus in a water body is 
often illustrated by plotting the log of Chl a (chlorophyll-a is measure of algae levels) vs. 
log Total Phosphorus data. For most lakes and rivers the plot generally produces a 
straight line. Basu and Pick (1996) have established that many rivers in eastern Canada 
obey a [Chl a] and [TP] relationship given by the equation chl a = -0.26 + 0.73 log TP. In 
addition, Chetelat et al. (1997) have shown that epilithic periphyton biomass is correlated 
with total phosphorus in rivers from Southern Ontario and Quebec. A useful 
characterization of the South Nation system would be to test these relationships for each 
sub-watershed. It is postulated that in the lower reaches of the South Nation River, as 
well as the Castor, Bear Brook, Payne and Scotch Rivers sub-watersheds, limited algae 
growth occurs because light penetration is limited by the high turbidity. Most of the 
measured phosphorus is likely bound to aluminum- and iron-rich clays and thus not 
available to algae. - 

Based on these interpretations, the si@cance of high phosphorus levels in the lower 
watershed must be carefully considered. Phosphorus waterquality guidelines have- 
been developed to avoid eutrophication scenarios. While a great deal of effort has been 
applied to controlling P inputs into the watershed through various activities, much of the 
P in the South Nation watershed is likely not available because it is sorbed to fine- 
grained soils and sediment. Most probably, available phosphorus (FRP) remains 
abundant because algae cannot consume P due to growth limitation caused by sunlight 
attenuation. As water quality and clarity in the South Nation improve however, algae 
may become more abundant. Continued monitoring and careful observations _of the 
relationships between water clarity, phosphorus and algae are required in future 
monitoring programs. 

Nitrite 

Nitrite levels averaged 0.23 mg& in the West Scotch but values as high as 8.6 mg/L were 
measured in this tributary between 1990-97. The nitrite limit in drinking water is 1.0 
mg/L. When oxidized, nitrite forms nitrate which, in high concentrations, has been 
attribited to causing infantile methemoglobinemia (CWG 1-9). In accord with PWQO, levels 
of nitrite should stay below 0.06 mg/L which is the level at which tissue damage may 
occur in the gills of certain species of fish. 
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Table 3 - Chemical and Bacteria Parameters of Concern In the South Nation Watershed 

Fe - iron, Mn - manganese, TP - total phosphorus, Pb - lead, Ni -nickel, NOz -Nitrite, FC - fecal coliform 

Site 

SNR, County Rd. 18, 
Augusta Twp. 

Castor, Conc 5, Russell 
Tw* 
SNR, at Chestenrille 

SNR, Upstream 
Casselman Dam 

W. Scotch, Conc 17, 
downstream of 
ST. ISIDORE 

E. Scotch, Conc 19, up 
St. ISIDORE 

SNR, HW 17, 
Plantagenet 

Analysis 

TP 

TP 
FC 
Fe 
Pb 
TP 
Fe 
Mn 
Ni 
Pb 
TP 
FC 
Fe 

NO2 
TP 
FC 
Fe 
TP 
Mn 
FC 
Fe 
TP 
FC 

Mean 
(mgll) 

0.04 

0.08 
82.74 
0.60 
0.031 
0.022 
0.1 1 
1.34 

0.014 
0.005 
0.032 
111 
0.63 
0.23 
0.25 
96 

0.44 
0.80 
0.10 
940 
0.33 
0.01 
18.28 

Min - Max. 
(mgn-) 

0.02 - 0.05 

0.00 - 0.27 
8 - 91,000 

0.00 - 28.00 
0.00 - 1.69 
0.00 - 0.14 
0.00 - 0.61 
0.00 - 26.0 
0.00 - 0.55 
0.00 - 0.14 
0.00 - 0.1 3 
4-21,000 
0.00 - 3.60 
0.00 - 8.57 
0.00 - 8.40 
50 - 15,000 
0.00 - 1.48 
0.00 - 0.64 
0.00 - 0.88 
4 - 2,800 

0.00 - 3.60 
0.00 - 0.24 
4 - 2,800 

PWaO 
(m*) 

0.03 

0.03 - 
0.30 
0.007 
0.03 
0.30 - 
0.15 
0.007 
0.03 - 
0.30 
0.06 
0.03 - 
0.30 
0.03 - 
- 

0.30 
0.03 - 

Drinking Water 
guideline 

(mgll) 
- 

- 
0.00 
< 0.3 
0.01 - 
< 0.3 
< 0.05 - 
0.01 - 
0.00 
< 0.3 
3.2 - 
0.00 
< 0.3 - 
< 0.05 
0.00 
< 0.3 - 
0.00 

Irrigation 
guideline 

(mgn) - 

- 
100.0 
5.0 
0.2 - 
5.0 
0.2 

0.01 -0.05 
0.2 - 

100.00 
5.0 - 
- 

100.0 
5.0 - 
0.2 
100 
5.0 - 

100.0 

Livestock Watering 
guideline (mg/L) 

- 

- - - 
0.1 - 
- 
-- 

0.5 
0.1 - 
- 
- 

10.0 - - 
- 
- 
- - - 
- - 
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Bacteria 

Bacterial levels have been monitored using fecal coliforms and E. wli levels. E. wli is the 
indicator of choice to determine contamination of water by faeces of warm-blooded 
animals because levels in surface waters are correlated with frequency of gastrointestinal 
illnesses. Both forms of bacteria typically exceded PWOQ in al l  statsions throughout the 
watershed during the period 1990-97. High bacterial levels are indicators of increased 
risk of pathogenic infection to humans and livestock Limiting livestock access to 
streams for watering is particularly important not only because of the direct introduction 
of bacteria to the watercourse but the potential health risk to livestock High bacteria 
levels often can result in increased costs for veterinary care for livestock 

Trace Metals 

Concentrations of iron and manganese exceed PWQO at several stations in the 
watershed. High values of iron, manganese and as well as other trace metals such as 
aluminum are necessarily expected since they are abundant in the earth's crust and are 
therefore associated with suspended sediments and clays. As trace metal analyses were 
carried out on unfiltered samples, it is difficult to assess whether sources other than 
suspended sediment rich in clays were the cause of the high values. Fnr example, iron is 
correlated to flow in the South Nation (Zhu, 1993). 

On the other hand, Ni is not highly correlated with flow (Zhu, 1993) which suggests 
possible point sources of this trace metal. Major anthmpogenic sources of nickel are the 
burning of fossil fuels, smelting, casting, and electroplating activities. Nickel is also 
reported to be relased from the manufacture of foods, baked goods, soft drinks, 
flavouring syrups, md ice cream (CWQG, 6-44, 1994). Industrial and wastewater 
discharges are listed as major point sources of lead to the environment. 

An effective water quality monitoring plan will fonrs on measurement of phosphorus, 
turbidity, and suspended solids. Monitoring for nitrate, nitrite, btzderh, nickel, and lead 
should also be continued. 

2.33.3 Frequency 

Frequency of the current monitoring programs ranges from 1-12 times per year for the 
PWQMN and at least once per month (May-October) for the Watershed Characterization 
program. While monthly or bi-monthly grab samples, taken mainly between May- 
October, at a large number of stations may provide a general characterization of water 
quality in the watershed, this sampling frequency will miss many events (in particular 
about 70 95 of the annual flow through the basin) and is therefore not sufficient to 
determine seasonal trends. Unless long-term changes in water quality are of sufficient 
magnitude (see Zhu 1993), once per month samples cannot distinguish less dramatic 
changes such as that that may be occur from SNC non-point source abatement programs. 
Sampling must also be representative of the entire volume of water moving past a 
particular monitoring point. To date, because of staffing and other logistical reasons, 
sampling has occurred mainly between May through October. This perod of the year 
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biasses water quality results based on baseflow characterization. As noted above, 
between 60-80% of the entire river discharge occurs during the 90-day period between 
March and May, with another 10-15% of the annual discharge occurring in November 
and December. 

In order to obserue statistical trends, a greater sampling frequency is required in each of 
the characteristic seasons of springfreshet, ~ M O ,  and fall p d .  The goal of this type 
of monitoring is to sample s u m t  m t s  to adequately characterize temporal water 
quality changes. 

Statistical Considerations 

A statistical analysis of water quality trend analysis requires careful screening of the data 
and appropriate statistical approaches. Several approaches can be used to identify 
temporal trends in water quality. Zhu (1993) used a multiple regression approach to 
identify water quality trends in three main stem stations of the South Nation. Chapter 3 
of the Zhu thesis also provides a good description of this approach, the techniques used 
to inspect the data for extremes and for data normalcy. Recently, Richards (1998) 
presented a time trend analysis of 2 msjor tributaries of Lake Erie. The approach 
employed an Analysis of Covariance (ANCOVA) technique in which flow and month 
(season) were used as covariance with the parameter of interest. 

It is r e c o m h d  that the SNC establish a standard analysis technique that can be 
consistently applied on a yearly basis to monitor water quality trends. 7'he technique 
chosen will depend on the available software, d end, and obj&*ves (e.g. usingflato- 
weighted vs. timeweighted results). 

2.3 Volunteer Resources 

Volunteers can represent an important resource enabling professional staff to monitor a 
wider range of parameters over a larger area than would be possible using existing staff. 
Some programs, for example, the North American Breeding Bird Survey (Dmege 1990), 
have been extremely successful. Indeed, much of our current understanding of the 
dynamics of breeding bird populations is derived from the analysis of Breeding Bird 
Survey data collected by volunteers (Robbins et al. 1989, Hagan 1993). In surveys like the 
Breeding Bird Survey, regional population trends are estimated from the weighted 
averages of the trends along individual routes. The statistically robust inferences about 
population trends are possible only if the number of routes is large. The large number of 
routes is essential because the route (not the individual sampling station) is the sampling 
unit. 

The above assumptions are inherent in the design of many volunteer-based monitoring 
programs even though they are not explicitly stated. When working at a small 
geographic scale, sampling protocols must be modified if statistically defensible 
conclusions are to be drawn. When designing a sampling protocol it is essential to 
establish how the data will be used before the sample stations are chosen. For example if 
the goal is to determine whether a particular chemical parameter is always below a 
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guideline limit, the sampling regime can be quite simple. Samples can be taken at 
regular intervals from a series of stations that are representative of the watershed. If the 
guideline is frequently exceeded then the question has been answered and remedial 
measures are necessary. In this case sampling design is relatively simple and the only 
considerations are where to put the sampling stations and how often to sample them. 

If the purpose of a volunteer-based monitoring program is to test the hypothesis that 
restoration programs are having a positive effect on water quality the sampling design 
may be more complicated. The sampling design will depend on the scale at which the 
question is being asked (i.e., the watershed, river, project site) but in all cases, if 
statistically sound inferences are to be made, the sample effort must be sufficient to 
adequately characterize both the mean and the variance around the mean. 

There are large numbers of volunteer-based monitoring protocols available and some of 
them have been integrated into the South Nation's Riverwatch and Bug Watch 
Programs. The instruction manuals give volunteers detailed instructions on how to 
conduct water sampling tests and collect aquatic invertebrates. These manuals also 
caution participants about the importance of sampling consistency. Lacking in both 
programs is attention to sampling design. Sampling design is rarely discussed in 
monitoring protocols but is crucial to collecting data in such that statistically sound 
conclusions can be made. 

It is recommended that preliminmy sample measurements be obtained by volunteers who 
are willing to collect replicate samples such that 'within' and '&tween8 sample variation 
a n  be determined. These results can then b used to refine the sampling protocol and have 
a statistically defmible protocol in place by 1999. For s m  volunteers, obtaining 
replicate samples may be too much work These individuals should be encouraged to 
continue monitoring since these data can still be used as a broad-based screening tool to 
identify sites that need more detailed investigation by st@. Education programs and 
monitoring programs related to water quality should be incorporated to the ouerall 
strategy. 

2 4  Biological Monitoring-Benthic Invertebrates 

Biological monitoring is an important component of any program designed to monitor 
ecosystem health. An important advantage of biological monitoring is that it can detect 
environmental impairments resulting from contaminants that are not being measured or 
that result from the synergistic effects of several contaminants. The synergistic effects of 
several contaminants acting together can m a w  the biological effects of the 
con taminants by several orders of magnitude. 

Benthic invertebrates have been used by several authors to monitor stream health 
(Griffiths 1993,1996, Vermeulen 1995, Dickman and Rygiel1996) and although several 
techniques have been developed they are based on the same basic assumption that 
stream invertebrates vary in sensitivity to changes in water quality and can be classified 
according to their sensitivity to impaired water quality (Griffiths 1993, 19%). Several 
protocols are available for monitoring benthic invertebrates for example B I O W  
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(Griffiths 1993,1996), Save Our Streams, Rapid Bioassessment Protocol, etc. and although 
they differ somewhat in their details they should provide s i m k  results. 

Determining the locations and number of invertebrate samples to be taken is more 
important than which of the many available protocols are used. The appropriate 
number of samples and sample location will depend on the objective of the evaluation. 
Most protocols require taking only one or two samples per location. Even when 
replicates are included they are usually combined during the analysis. This is 
appropriate if the goal is to obtain a general indication of stream health at one or a series 
of sampling locations. If, on the other hand, the purpose of monitoring is to compare 
temporal or spatial invertebrate communities (e.g. before and after a remediation project, 
or upstream and downstream of a discharge) sufficient replicate samples are necessary to 
characterize the source(s) of variation. 

The CURB Aquatic Invertebrate Report (SNC 1995) illustrates this point. Invertebrates 
were sampled up- and down-stream of 4 project sites. At one site, where manure and 
milkhouse waste was entering the South Nation River, water quality, estimated by the 
abundance and diversity of invertebrates, was impaired downstream of the project site. 
The lack of replication and habitat disparity up-and downatream of both a manure 
storage and a milkhouse facility made it difficult to determine whether the difference in 
the invertebrate communities were related to the manure or milkhouse waste entering 
the stream. 

This highlights the importance of appropriate levels of replication for statistical 
inference. Typically, this is achieved when additional sampling effort no longer results in 
significant changes in the mean and variance of the sample. A variety of methods to 
determine when this point has been reached have been developed and can be found in 
most sampling design or quantitative ecology texts. A simple "ruled-thumb" is to 
divide the invertebrate data set in half and compare the two halves of the data. If they 
yield similar results then the level of replication is sufficient. If the results differ then 
additional replication is required. 

The benthic invertebrate monitoring using mlunteers should be amtkued and augmented 
by a pilot study to determine the appropriate h l  of replication required to make 
statistical inferences from indebrate  data. The protocol for uolunteers to estimate 
periphyton growth, provided here, can be integrated into the Riverwatch and Bug Watch 
P'ogr-. 

2.5 Simple Indicators of Water Quality Changes 

2.5.1 Water Clarity 

Several simple indicators for water quality are currently used in the monitoring 
programs. The parameter of major concern in the South Nation River is turbidity. Since 
total phosphorus is often correlated with turbidity in the South Nation and its major 
tributaries, situations where turbidity is high need to be identified. Presently, volunteers 
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use a simple optical technique to measure turbidity based on a sample of water. Another 
simple approach is to monitor water clarity is the Secchi disk Secchi disk measurements 
are made by lowering a standardized white and black disk into the water until it is no 
longer visible. During a preliminary survey of the Payne and South Nation Rivers, a 
Secchi disk depth of 40 cm was obtained, which is very shallow. PWQO for recreation 
(swimming) is a Secchi disk depth of no less than 1.2 m. The general PWQO for 
turbidity is defined in the following manner: 

Suspended matter should not be added to surface water in concentrations that 
win change the natural Secchi disc reading by more than 10 

It is clear that this definition is more applicable to point source discharges where the 
natural Secchi disc reading can be readily identified, never-the-less it is possible to 
establish a characteristic Secchi disk depth for a given sub-basin. There are applications 
in which this parameter may be used to identify the effectiveness of SNC programs, 
where inputs of suspended matter are reduced by the implementation of livestock 
control measures, buffer strips, and other techniques which control erosion. 

Another technique which we recommend for investigation by the SNC is to use the 
presence of epilithic periphyton as an indicator for high loading of bioavailable 
phosphorus in the South Nation and its tributaries. A recent study be Chetelat d al. 
(1998), which included sites in the South Nation River, has shown that periphyton, in 
particular W o p h e r a ,  sampled from rocks in shallow riffle sections of temperate rivers is 
correlated to total phosphorus levels. Chhdophera biomass measured as chlorophyll-a 
correlated paxticularly well with TP concentrations (?=053, p>0.001) over the range 
0.01-0.08 mgL The PWQO of 0.03 mg/L for streams and rivers originated from 
evidence that this was the level at which periphyton began to accumulate on rocks (pers. 
commun, F. Pick, University of Ottawa, 1998). 

It is rewmmended that secchi disk depth and penphyton biomass density be used to 
monitor water quality changes in the South Nation R w .  Areas with high biomass 
density should indicate loaal inputs Ofbio-azMilable p h o s p h .  

3.0 Integrated Water Quality Monitoring Plan 

This section of the report describes the recommended monitoring program to improve 
the SNC's ability to detect improvements in water quality that result from restoration 
activities in the watershed. The proposed monitoring program contains four 
components: 

1) Water Chemistry Monitoring 
2) Bio-monitoring 
3) Volunteer Monitoring 
4) Annual Report Card 

September 23,1998 M.S. Thompson gt Associ i  Ltd. Page 18 
Consulting Engineers 





South Nation Conservation 
Water Quality Monitoring Review 

A summary of the water quality monitoring program and the goals of each initiative is 
given in Table 4. 

Table 4 - Summary of Water Quality Monitoring and Goals 

3.1 Water Chemistry Monitoring 

The goal of the water chemistry program is to provide sufficient data- to characterize 
water Wty trends in the South Nation watershed throughout the year including 
statistical trend analysis. Justification for the sampling frequencies, parameters and 
locations is desaibed in the following sections. The water chemistry monitoring 
component of the water quality program is summarized in Table 5a and 5b for the tri- 
weekly and weekly pro&ramfs respectively. 

Frequency 

It is difficult to distinguish gradual improvements in water quality in low gradient agro- 
ecosystems, particularly those dominated by non-point sources (Baker, 1993). The 
difficulty arises because concentrations of chemicals in such systems are driven by 
climatic conditions, which can vary widely from year to year. For example, large 
fluctuations in flow conditions, which characterizes the South Nation watershed as 
previously illustrated, are accompanied by large changes in sediment and chemical 
concentrations. Under such circumstances, accurate characterization of water 
concentration would require an intense sampling effort, i.e. nearly continuous. The 
current PWQMN program does not accomplish this requirement and it is necessary to 
supplement it with a sampling strategy that does. It is likely not h a n d y  feasible to 
measure more than a few parameters at few locations. Therefore, sampling frequency is 
the component of the water quality monitoring plan that greatly influences and limits 
other components of the plan, i.e. locations and parameters. 

Data for statistical trend analysis to monitor large-scale changes in water 
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analyses 
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the community memberdstakehdders 
Generate useful data through the delivery of SNC education programs 
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The recommended sampling frequencies are given in Table 5. The parameters are 
divided into two groups: key parameters designated for tri-weekly and weekly sampling 
frequency. Brief justifications for each parameter are given in Table 5a and b. 

Parameters 

Key parameters determining water quality in the watershed are suspended solids and 
total phosphorus. These parameters require collection of a sample for analysis in the 
laboratory. 

It is recommended that daily water samples be collected for these parameters using a 
composite sampler. Samples should be collected for analysis thrice weekly. Key 
parameters that can be analyzed in the field with the aid of portable equipment are 
temperature, pH, conductivity, dissolved oxygen, Secchi disk depth, and turbidity. 

Other basic measurements such as true colour, dissolved organic carbon, loss on ignition 
(LOI), filtered phosphorus, nitrate and nitrite, and ammonia are important components 
of the water quality monitoring program that are recommended to be analyzed once 
weekly. 

Locations 

The recommended stations for long-term monitoring are given in Figure 24. The 
monitoring activities focus on the FWQMN stations on the main branch of the South 
Nation River because these sites best reflect the integrated water quality of the 
watershed since all of the smaller tributaries eventually flow into the South Nation River. 
In addition, choosing these stations ensures that a long-term record is available at these 
sampling sites to compare with newly acquired data. 

It is recommended that Station 1 at Spencerville be retained because it represents South 
Nation water that is least affected by point and non-point sources and thereby provides 
a well-characteriz,ed 'control' site for the water quality index determination. Stations 2,3 
and 4 represent water quality in the main reach of the South Nation most likely affected 
by point and non-point sources. Station 2 at Chesterville represents the influences of the 
upper South Nation watershed on water quality, Station 3 (at Casselman) integrates the 
influences of the Payne and Castor watersheds on water quality, and Station 4 (at 
Plantagenet) also includes the influences of Bear Brook and Scotch watersheds on South 
Nation water quality. Therefore, sampling these 4 stations at any given time provides a 
representative indication of water quality in the South Nation watershed. 

Sampling stations in individual tributaries of the South Nation river (e.g. the Castor 
River) are not recommended in this part of the monitoring plan because the ultimate 
goal of the plan is to provide representative data of the entire watershed that is suitable 
for statistical trend analysis. The main branch of the river integrates all influences but is 
not as widely variable in flows and chemical concentrations compared to the smaller 
tributaries that are more strongly influenced by point and non-point sources as well as 
flow. While monitoring stations on these tributaries would certainly reflect these 

September 23,1998 MS. Thompson & Associates Ltd. Page 20 
Consulting Engineers 





South Nation Conservation 
Water Quality Monitoring Review 

influences, the additional data scatter produced would serve to obscure long-term trends 
in watershed water quality. 

Given that the analyses for the PWQMN are completed by the MOE, it is advised that 
the PWQMN surveys be continued. The PWQMN program is useful to monitor for 
specific problem areas that may arise in the sub-watersheds from time to time and will 
complement the more directed sampling program recommended above. 

It is recommended that the watershed characterization program not be continued. SNC 
objectives will be better met by the proposed water quality monitoring program in the 
main branch of the river, and by specific monitoring programs designed on a case by 
case basis by SNC water quality personnel and relating to non-point source control 
projects. 

Table 5 - Summary of Water Chemistry Monitoring 
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Solids 
Total 
Phospho~s 

Field Data 
DO 
Cond 
PH 
Temperature 
Secchi Disk 
Turbidii 

(seemap) 

1,2,3,4 

composites, 
Mon, Wed, 
Fri 

Mon, Wed, 
Fri 

programmable sampler 
Parameters for robust statistical trend analysis 
SS can be converted to sediment discharge 
Are NPS programs reducing sediment loads and 
improving water darity ? 
Monitor 8dhMes that a W  sediment loads 
Chydmbgic function') 

Field data measured by SNC staff 
DO, Temp, Cond, pH, Tutb determined using 
calibrated meters 
Secchi disk depth affected by colour, colour inputs 
mainly from wetlands 
Surrogate measures of SS 
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True Colour 1.2.3.4 

Turbidity 
E. coli 
DOC 
LO1 
Chlorophyll-a 
FRP 
TKN 
NOz 
No3 
NH4* 

weekly (Mon) 
from 
composite 
sampler 

weekly Won) 
duplicate 
grab samples 
concurrent 
with field data 
sampling in 
Table (5a) 

Duplicate analyses used to establish whether weekly 
variations exceed sampling error 
E. coli provides information relevant to human and 
animal health; since non-point sources are major 
sources of E coli, remedial programs should decrease 
levels and frequency of high values 
DOC is a measure of organic inputs to the river, (e.g. 
milkhouse wastes, wetland drainage) 
Chlorophyll-a (1 L sample) measures plankton growth 
Filtered reactive P is conservative measure of 
bioavailable P 
N data is important to assess potential algal g m ,  N- 
inputs significant in the watershed 
un-ionized ammonia is toxic to fish (PWQO 0.02 
m9n) 

3.2 Bio-Monitoring 

A sumrnary of the bio-monitoring plan is provided in Table 6. The benthic invertebrate 
monitoring protocol currently used by SNC involves taking two quantitative samples 
using a Serber sampler and one qualitative sample during which field workers search for 
invertebrates for a specified time along a predetermined stretch of river. A review of the 
data collected using these protocols revealed large variation between samples taken at 
the same site on the same day. 

In order to reduce variation among replicates we recommend using Serber or T-samplers 
when collecting invertebrates from riffle areas. 

These quantitative sampling techniques allow absolute estimates of invertebrate 
densities whereas qualitative techniques pennit only relative estimates of abundance. 
Aquatic invertebrate sampling protocols such as BIOMAP are designed for sampling in 
fast flowing riffle areas. If invertebrate sampling is required in streams where riffle areas 
are absent, qualitative sampling techniques such as those already in use can be used. 
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Table 6 - Summary of Biological Monitoring 

It is also recommended that bio-monitoring include inspections for the presence of 
epilithic periphyton as an indicator of eutrophication in the river. As a first priority, 
sampling should be carried out at sites near the four recommended water quality 
monitoring stations along the South Nation River. At least 3 to 5 replicate samples 
should be taking at randomly chosen points. Second priority should be given to 
sampling invertebrates from riffle areas in smaller tributaries. Where invertebrate data 
are required from sites where shallow riffle areas are absent, qualitative samples can be 
used but it is important that a single sampling technique be used for a l l  replicates at a 
site. A protocol for monitoring periphyton is given in Appendix B. 

BIOMAP is a method for making inferences about water quality based on invertebrate 
communities. Although the BIOMAP protocol recommends using T-samplers the 
BIOMAP technique can be applied to invertebrates regardless of sampling method. The 
sampling method (T-sampler, Ekman dredge, Ponar sampler, etc.) will depend on the 
substrata at the sampling location. In areas where T-samplers or Serber samplers are 
inappropriate, quantitative samples should be obtained using Ekman or Ponar samplers. 
If quantitative samples cannot be obtained, the current technique for obtaining 
qualitative samples (i.e., searching among aquatic vegetation along the stream bank) can 
be used but the area searched and the time spent searching should be recorded. 
Whichever technique is used, the sampling time and area should be sufficient to yield 
about 100 invertebrates. Sampling effort (equipment, time, area, number of people, etc.) 
should be recorded since it will vary from site-to-site. Samples should be stored in 
ethanol and archived after they are identified. The use of the BIOMAP technique is 
recommend because it is being used in other areas of Ontario (Gri£fiths, 1993), however, 
other techniques (e.g., Rapid Bioassessment Protocol) should yield similar results. 

3.3 Volunteer Monitoring 

Volunteer monitoring provides supplemental data to the monitoring plan at strategic 
locations in the watershed not monitored by professional staff. In addition, volunteer 
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monitoring is a means by which community interest in the health of the watershed can 
be fostered. Table 7 summarizes the plan recommended for volunteering efforts. 
Parameters include sampling for benthic invertebrates, periphyton, and turbidity and 
Secchi disk depth. These parameters are recommended as those which are most likely to 
provided usable data. 

Table 7 - Volunteer Monitoring Summary 

The water chemistry component of the volunteer program will require measurement for 
dissolved oxygen 0) and turbidity at sites in each major sub-watershed. 
Measurements should be carried out using calibrated oxygen meters where available or 
Hach test kits. Turbidity should be measured using both Secchi disk depth (if 
appropriate) and the currently used test method based on a water sample. It is 
recommended that all other measurements used in the previous test kit be discontinued. 

can be used in education program to 
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Petiphyton 

Turbidii 
Secchi D i i  
Depth 
Dissolved 
oxygen 

other than near 
Stations 1-4, 
sections of main 
tributaries (e.g. 
near schools) 

M e  sections 
other than near 
Stations 1.2.3. 
4 and elsewhere 

Stations 1.2.3, 
4 and elsewhere 

samples 

spring, summer 
and fall 

weekly, 
triplicate 

demonstrate techniques and to illustrate 
biological impacts of changing water quality 

simple technique could be developed for 
volunteers or for dass projects, e.g. can 
use wet weight of periphyton to avoid 
chlorophyll a estimate 

techniques are simple and can be used by 
volunteers an a regular basis on a schedule 
that compliments professional monitoring 
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3.4 South Nation Report Card 

It is recommended that an annual report card be produced as part of the Water Quality 
Monitoring program to provide a means for the public and stakeholders to track changes 
in watershed health. This includes a comparison of the Spencerville station to the other 
stations. 

The report card would provide: 

a summary of impairments and remedial action initiatives; 
changes in hydrologic function (spatial indication of duratioIf!intensity response 
of baseflow and stormflow); 
a summary of water chemistry, bio-monitoring, and volunteer monitoring 
a simple index of watershed health using a technique where key water quality 
parameters (e.g. total and filtered phosphorus, Secchi disk depth, E. coli, 
dissoived oxygen, TKN, nitrate and nitrite, and ammonia) are compared to 
provincial water quality objectives and to the control site at Spencerville. 

An annual scientific review of the program is also recommended in the initial years to 
ensure that the recommended program is accomplishing the desired goals and that the 
parameters chosen to track watershed health remain relevant. 

The detailed review of the program should be completed after the first year including: 

Data analysis; 
Monitoring frequency; 
Parameters; . Locations; 
Statistical interpretation including analysis of water quality trends; and 
Preparation of the Report Card. 

The scientific review of the program, in the initial years of the monitoring, is an integral 
component of the report card's development. The report card will provide a useful tool 
by which SNC can illustrate in everyday language the positive effects of NPS and other 
conseqation initiatives on the health of the SNC watershed. 
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Table 2a - Summary of  Water Quality Monitoring Programs 

Analysis 
Turb., Temp., F.C., E. coli, NH3, Un-NH3, 
TKN, N02, N03, TP, DRP, pH, C1, Cond. 

' Alk., BODS, Cl, Cond., DO, Fe, Temp., 
Hard., NH3, N02, N03, TKN, pH, P04, 
Residue filtered, Residue Particulate, Total 
Residue, TC, Turb. 

Alk., Cd, C1, Cond., Ambient Cond., Cr, 
Cu, Fe, pH, K, NH3, N02, N03, TKN, Pb, 
pH, P04, Turb., Zn, BOD5, DO, Temp., 
Residue filtered, Residue Particulate, 
Residue Total, TC 

Date 
1992,1993, 1994 
1992,1993,1994 
1992,1993 
1992,1993 
1992,1993,1994 
1992,1993 
1992,1993 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1992,1993,1994 
1993 
1993 
1993 
1993,1994 
1993,1994 
1965-1971 

1967- 197 1 

1965-1971 + 1986 

File 
CURB.xls 

Dunvegan.xls 

Station 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
18207008002 

18207007002 

18207009002 

Designation 
Clean up Rural 

. Beaches 

Dunvegan Creek 

Station I.D. 
South Nation River at Jessup's Falls 
Scotch R. 
East Branch of Scotch R. 
West Branch of Scotch R. 
South Nation River at Pendelton 
North Indian Creek 
Bearbrook Upstream of North Indian Creek 
Bearbrook 
South Nation River at Lemiux 
Moose Creek 
South Nation River at Casselrnan 
Butternut Creek 
North Castor River 
Middle Castor River 
South Castor River 
Castor River at Russell 
East Castor River 
Castor River downstream of Embrun 
South Nation R. upstream of Casselman 
Payne R. 
South Nation R. at Crysler 
Cobb's Lake Creek 
Little Castor R. 
North Castor R. at Greely 
Middle Castor R at Herbert Comers 
South Castor R. at Vernon 
South Nation R. at Plantagenet 
South Nation R. at Seguin Bridge 
Dunvegan Creek 50 ft. Downstream from 
outfall 

Above Confluence of Dunvegan Creek and 
ditch 

Dunvegan Creek 50 ft. Upstream of outfall 





Table 2b - summary of Water Quality Monitoring Programs 

File 
NorthCastor.xls 

0RNBearbrook.xls 

Date 
1995 
1994,1995 
1994,1995 
1994,1995 
1994,1995 
1994,1995 
1994,1995 
1994, 1995 
1994,1995 
1994,1995 
1980-1997 
1980-1997 

1990- 1994 

1974 

1975- 1979 

Analysis 
Temp., F.C., E. coli, NH3, Un-NH3, N03, 
S04, DRP, pH, TKN, TP, TSS, Cond., Cr, 
Ni, Zn, Al, Cd, Pb, Co, Mo, Va, C1, Si, Fe, 
Ma, Ca, K, Mg, Na 

As above accept for TSS and Si. Plus Alk., 
As, Ba, Be, BOD5, Cu, DO, Fecal Strep., 
Hard., N02, P04, P aeruginosa, Residue 
filtered, Residue Particulate, Total 
Residue, Se, St, Ti, Turb. 
Colour, Cond., Turb., Li Total and 
extractable, Be total and extractable, C 
dissolved Organic, C dissolved Inorganic, 
TKN, N02M03, N02, N03, NH3, Alk., 
pH, Na, Mg, A1 total and extractable, P 
dissolved and total, S04, C1, K, Ca, Va 
total and extractable, Cr total and 
extractable, Ma total and extractable, Fe 
total and extractable, Co total and 
extractable, Ni total and extractable, Cu 
total and extractable, Zn total and 
extractable, St total and extractable, Mo 
total and extractable, Cd total and 
extractable, Ba total and extractable, Hg, 
Pb total and extractable 

Acidity, Alk., Al, BOD5, Ca, C1, COD, 
Colour, Cond., Cu, DO, FC, Fe, F1, Fecal 
Strep., Temp., Hard, K, Mg, Na, Ni, NH3, 
N02, N03, TKN, pH, phenolics, P04, 
Residue filtered, residue particulat, residue 
total, Si, S04, TC, Turb., Zn 
As above plus As, Cyanide, Cd, Co, Cr, 
Stream flow, Hg, Pb, TC MIF Bkgd. 

Designation 
Castor River 

Bearbrook Creek 

Station 
CK63-001 
CK63-002 
CK63-007 
CK63-102 
CK63- 108 
CK63-202 
CK63-206 
CK63-208 
CK63-254 
CK63-262 
18207014002 
18207014502 

182070 12002 

182070 13002 

Station I.D. 
Castor R. County Rd. 3 RusseYOsgoode Twp. 
Middle Castor R Cnty Rd 29 Osgoode 
Middle Castor R. Cnty Rd. 25 Osgoode 
South Castor R. Ray Wilson Rd. Russel Twp. 
South Castor R Hwy 3 1 Osgoode Twp. 
North Castor R. Pana Rd. Osgoode Twp. 
North Castor R. Eighth Line Rd. Osgoode 
North Castor R. Parkway Rd. Osgoode Twp. 
North Castor R. Hwy 3 1 City of Gloucester 
North Castor R Hwy 3 1 Osgoode Twp. 
Castor R. at Conc. 5 Russel Twp. 
Castor R. at Conc 3 Russel Twp. 

3 way Junction of Cnty Rd. 37,2, and 26 
Cumberland Twp. 

Hwy 4 17 South of Carlsbad Springs 

Bearbrook at Carlsbad Spring 





Table 2c - Summary of Water Quality Monitoring Programs 

Analysis 
Acidity, Alk., Al, BOD5, Ca, C1, COD, 
Colour, Cond., Cu, DO, FC, Fe, F1, Fecal 
Strep., Temp., Hard, K, Mg, Na, Ni, NH3, 
N02, N03, TKN, pH, phenolics, P04, 
Residue filtered, residue particulat, residue 
total, Si, S04, TC, Turb., Zn 
BOD5, COD, NH3, TKN, N02, N03, TP, 
DRP, Cond., C1, pH, Alk, Fe, K, Colour, 
Turb., SS, Fe, Fecal Strep., Ca, Mg, Hard. 

Alk., BOD5, Cl, Cond., DO, Fe, Temp., 
Hard., NH3, N02, N03, TKN, pH, P04, 
Residue Filtered, Residue Particulate, 
Residue Total, TC, Turb. 
As above + Al, As, Ba, Be, Ca, Cd, Co, Cr, 
Cu, E. coli, FC, Fe, Fecal Strep., K, Mg, 
Ma, Mo, Na, Ni, Pb, P aeruginosa, Se, St, 
Ti, Va, Zn 

Alk., Al, As, Ba, Be, BOD5, Ca, Cd, 
Cond., Co, Cr, Cu, DO, FC, Fe, Fecal 
Strep., Temp., Hard., K, Mg, Mo, Na, Ni, 
NH3, No2, N03, TKN, Pb, pH, P04, P 
aeruginosa, Residue filtered, Residue 
Particulate, Residue Total, Se, St, Ti, 
Turb., Va, Zn 

4 

Date 
1990- 1994 

1987- 1990 
1987-1989 
1987- 1989 
1987-1991 
1987- 1989 
1987-1989 
1987-1989 
1987-1991 
1987-1989 
1987-1989 
1987- 199 1 
1987-1989 
1987-1989 
1987-1991 
1990-1991 
1990- 199 1 
1967-1971 
1965-1967 

1965-1990 

1967-1997 

1964- 1997 

Station I.D. 
South of Bourget Cnty Rd. 8 Clarence Twp. 

Scotch R upstream from Dunvegan Creek 
Scotch R. at Cnty Rd. 9, South of St. Isidore 

West Scotch R. Conc. 17, Downstream from 
St. Isidore 

East Scotch R. Conc. 19, Upstream from St. 
Isidore 
South Nation R. Upstream of Casselman Dam 

Station 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
18207005002 
18207009502 

18207004002 

18207006002 

182070 10002 

File 
0RNBlackCreek.xls 

PayneRiver.xls 

ScotchR.xls 

SNRCasselman.xls 

Designation 
Black Creek 

Payne River 

Scotch River 

South Nation R. 





Table 2d - Summary of Water Quality Monitoring Programs 

Date 
1964- 1997 

1966- 1997 

1970- 197 1 

1995- 1997 

1994- 1996 

Station I.D. 
South Nation R. at Chesterville Dam 

South Nation R. Highway 17 Plantagenet 

South Nation R at CPR Bridge, Plantagenet 
Springs 

South Nation R. County Rd. 18 Roebuck 
Augusta Twp. 

South Branch R. at Oak Valley Rd. 
South Branch R. at Cnty Rd 2 
South Branch R on Taylor Rd. Conc 6 Lot 25 
Matilda Twp. 
Black Creek at County Road 18 
South Branch R. at Cnty Rd. 18 Conc 516 Lot 
29 Matilda Twp. 

File 
SNRChestervil1e.xls 

SNRP1antagenet.xls 

SNRPlantspring.xls 

SNRRoebuck.xls 

SouthBranch,xls 

Analysis 
Alk., Al, As, Ba, Be, BOD5, Ca, Cd, 
Cond., Co, Cr, Cu, DO, FC, Fe, Fecal 
Strep., Temp., Hard., K, Mg, Mo, Na, Ni, 
NH3, No2, N03, TKN, Pb, pH, P04, P 
aeruginosa, Residue filtered, Residue 
Particulate, Residue Total, Se, St, Ti, 
Turb., Va, Zn, DOC, E. coli, Ion Balance, 
Ma, TN, SO4 
Alk., Al, As, Ba, Be, BODS, Ca, Cd, 
Cond., Co, Cr, Cu, DO, FC, Fe, Fecal 
Strep., Temp., Hard., K, Mg, Mo, Na, Ni, 
NH3, No2, N03, TKN, Pb, pH, P04, P 
aeruginosa, Residue Particulate, Se, St, Ti, 
Turb., Va, Zn, DOC, E. coli, Ion Balance, 
Ma, TN, SO4 
Alk., BOD5, C1, COD, Colour, Cond., DO, 
Fe, Temp., Hard., NH3, N02, N03, TKN, 
pH, Phenolics, P04, Residue filtered, 
Residue filtered ashed, Residue total 
filtered loss on ignition, Residue 
Particulate, Residue Particulate Ashed, 
Residue Particulate Loss on Ignition, 
Residue total, Residue total ashed, Residue 
total loss on ignition, S04, TC, Turb. 
Alk., Al, Ba, Be, BOD5, Ca, Cd, C1, 
Cond., Co, Cr, Cu, E. coli, Fe, Fecal Strep., 
Temp., Hard., K, Mg, Ma, Mo, Na, Ni, 
NH3, N02, N03, TKN, Pb, pH, P04, P 
aeruginosa, Residue particulate, St, Ti, 
Turb., Va, Zn 
1994 = DRP, C1, Cond., TKN, NO2 
1995 = DRP, C1, Cond., Temp, NH3, Un- 
Amm., N03, TP, pH, Turb., DO 
1996 = Temp, NH3, Un-Amm., N03, TP, 
pH, Turb., DO 

Designation 
South Nation R. 

South Nation R. 

South Nation R. 

South Nation R. 

South Branch R. 

Station 
182070 1 1002 

18207002002 

18207003002 

18207015002 

1 
2 
3 

4 
5 





Table 2e - Summary of Water Quality Monitoring Programs 

Analysis 
1996 =E. coli, N02+N03, TP, Turb. 
1997 = E. coli, N02+N03, N02, P, Turb 

Date 
1996-1 997 

Station I.D. 
South Nation R. at Jessup's Falls 
Conservation Area 
Mouth of Scotch R 
South Nation R. at Pendelton 
Mouth of Bear brook 
Little Castor R. at Embrun 
Castor R. Downstream of Embrun 
Mouth of Payne R at Crysler 
South Nation R. at Crysler 
Cobb's Lake Creek at Pendelton 
North Branch of the South Nation R. at 
Inkerman 
South Branch of the South Nation R. at South 
Mountain 

* Note 1997 data excludes station 19 

File 
Wcharacter.xls .. 

Designation 
South Nation R. 
Watershed 
Characterization 

Station 
1 

2 
5 
8 
11 
19 
21 
22 
23 
30 

3 1 

























Figure 5 - Mean Monthly Flow 
Castor River at Russell (1 949-1 995) 
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Figure 8 - Mean Monthly Flow 
South Nation River at Casselman (1 974-1 995) 
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Fiure 9 - Mean Monthly Flow 
South Nation R. Near Heckston (1 977-1 995) 
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Figure 16 - Monthly Mean Comparison 
West Scotch River 
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Figure 18 - Mean Monthly Comparison 
South Nation River at Chesterville 
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Figure 21 - Monthly Mean Comparison 
South Nation River at Plantagenent 
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Payne River was continuously sampled during 199 1 and 1992. The maximum concentrations for 
atrazine were 0.83 and 1.20 pg/L. These values were approximately half the Canadian Water 
Quality Guideline for the Protection of Freshwater Aquatic Life (2 pg/L). Maximum 
concentrations of metolachlor, recorded on the same dates, were 0.43 and 0.26 pg/L, well below 
the Canadian Water Quality Guideline of 8 kg/L for the Protection of Freshwater Aquatic Life. 
The presence of these compounds in the river water under d~ weather conditions sumzests that in 
addition to surface runoff. groundwater is also a significant source of ~esticides to the Pame 
River. 

Gore and Stome Limited (1993), "Waste Water Assimilation Study of the South Nation 
River Watershed, Main Report and Appendices", prepared for the South Nation River 
Conservation Authority and Ministry of Environment. 

Water quality in the South Nation River svstem has been imurovine; during the past 12 years as 
additional wastewater treatment capability has been installed. However, the backmound aualitv in 
the streams consistentlv remains above the Provincial Water Uuality Guideline for phosphorus. 
Annual nitrogen and phos~horus loads contributed bv non-point sources to the South Nation 
River are greater than 98 and 93%. respectively. 

With present background concentrations of phosphorus in the South Nation River system there is 
no assimilative capacity for phosphorus. New point sources will have to achieve low effluent total 
phosphorus (TP) concentrations along with concurrent reductions in non-point sources to return 
the rivers to a desirable state with respect to this pollutant . 

River water quality analyses span from 1966 to 1991. Data fiom vears before 1980 are not as 
relevant to the analvsis for many parameters because waste sources dischar~nn into the river have 
changed. Many communities did not have any wastewater conveyance or treatment facilities 
before 1980. River water quality is also highly affected by agricultural practices. More recent 
quality data would more accurately reflect the results of current agricultural practices in the 
watershed. During 1986- 199 1. phos~horus concentrations were almost always higher than the 
obiective concentration. BOD and DO have improved during the same period. This was 



attributed to the installation of treatment facilities which have replaced malfunctioning septic tank 
disposal systems and other direct discharge sources. Changes in agricultural practices is another 
factor. 

It is apparent that the total contribution of N and P fiom all wastewater sources is nlinirnal 
com~ared to the nonuolnt and other sources: same with BOD,. 

MacLaren Plansearch Lavalin (1982), "Water Resources Study Component oi'the South 
Nation River Basin, Executive Summary", prepared for the South Nation River 
Conservation Authority. 

In general, water quality in the South Nation River Basin does not satisfy provincial water quality 
objectives for bacterial and total phosphorus concentrations. The majority of the ph.osphorus 
export emanates fiom the northern half of the basin which includes the Castor River and the Bear 
Brook, with unit area losses about twice that of the southern half of the basin. A previous study 
of the South Nation River Basin concluded that most of the sediment is being produced in the 
northern half of the basin with the Bear Brook and Castor River systems contributing the most 
sediment. Phos~horus losses associated with eroded bank material mav be a hi& as 30-50% of 
$he total annual basin ~hosohorus emort. Subsurface drainaee. which includes tile tirain eflluent, 
inter flow and active groundwater recharge. is estimated to contribute apprordmatelv 15% of the 
phosphorus export. The contribution of ~hos~horus losses associated with livestock activities is 
estimated to be between 7 and 35% of the total basin ~hosohonrs export attributable to non-point 
sources. These studies demonstrate that management of livestock activities is more important in 
determining nutrient loss rates than animal densities per se, the larger animal inventories in the 
northern half of the basin may account for some of the higher phosphorus losses found in the 
north The available database is indXcient to determine the mechanism by which nitrients 
attributable to livestock activities reach the streams. Cattle access to streams, feedlot runoff and 
poor manure management are likely sources and warrant closer examination on a farm by f b n  
basis. Continuous corn cultivation usually results in the greatest unit area phosphorus losses 
compared to the other agricultural cultivation activities. 

Bacteriolopical obiectives are exceeded throuPhout much of the basin notablv in the northern 
areas. Fecal contamination is animal in origin .... data is imuBicient to distinguish the mechanism - 
by which this reaches the stream. Other studies have shown that the level of bacten~al 
contamhation cannot be related to livestock density since manure management practices are the 
controlling factors. 

Recommendations include controlling erosion, esp. in the northern half (bank, channel andjield 
erosion sources), buffer strips and grassed waterways, controlled cattle access, improved manure 
management techniques; evaluate reductions in sediment and nutrient losses associated with no 
sage, conservation tillage, and crop rotation systems. 



Smith, B.D. (1993), "Summary of Sediment Monitoring of the 1993 South Nation River 
Lemieux Landslide", Monitoring and Systems Branch, Environment Canada, Ontario 
Region. 

Historic data collected fiom sediment monitoring on the South Nation River near Plantagenet 
Springs indicated that the majority of suspended sediment load transported is of the silt-clay size 
hctions with very little sand. The material that now was deposited in the river fiom the June 
1993 slide included large quantities of sand sized material resulting fiom the sand lens that were 
capped by the Leda marine clay. Four sites were sampled for sediment monitoring along the 
South Nation River (Casselman, Pendleton Bridge, Seguin Bridge, and Plantagenet Springs) 1993 
and 1994. Casselman site was sampled previously during the 1971 landslide and up to 1982, a 
considerable quantity of pre-1993 landslide sediment data was available. All sites monitored 
below the landslide area show that the maiority of suspended sediment loads are fine silt-clav in 
com~osition. This will continue to pose problems downstream in terms of water quality 
parameters. and its effects on fish and wildlife. The upstream site at Casselmau will continue to 
supply a natural suspended sediment load of fine grained material, with the exception of the Bear 
Creek tributary which contributes the only sand component of pre-landslide sediment loads. 

South Nation River Conservation Authority (1983), "South Nation River Basin Water 
Management Study, Main Report". 

Stdace water quality in SNRB does not satisfy PWQ objectives for phosphorus and bacteria. 
Sediment loads are high..mainly associated with spring snowmelt flood and high flows. High 
phos~horus concentrations result from high sediment loads. Most of the sediment is produced in 
the northern half of the basin Elear Brook and Castor River being largest contniutors). Three 
major sediment producing sources identified as: mass wasting, open channel drains, and sheet 
erosion of fields. Sediment data f?om 1972 to 1977. Total phosphorus concentrations 
throughout the basin have frequently been measured at more than twice the PWQG (0.03 mg/L) 
and are sometimes higher than 10 times. Reference to the Water Resources Background Study 
states approximately 95% of the phosphorus losses to the stream orieJnate from non-~oint 
sources. Nitrate-Nitrogen rarely exceeds PWQG of 10 mg/L level. Runoff fiom tile drains was 
of better quality than surface runofS except for nitrate-nitrogen. Bacteria objectives were 
exceeded throughout the basin, most notably in northern areas; sources include livestock access 
and concentrated feedlot runoff. Livestock operations appeared to be the major source of 
bacterial pollution - in some watersheds bacterial quality was extremely poor even though the 
livestock density was very low. It would follow that the wav livestock operations are manaped 
and not just their size. is also an important consideration. Management options for non-point 
source pollution problems discussed (manure management, cattle access, crop rotation, 
conservation tillage, critical area planting, permanent vegetation, field borders). 



South Nation River Conservation Authority (1990), "Payne River Report 1987--1989", 
draft. 

Sampling 1987- 1989; Payne River discharges into South Nation upstream of the Vdlages of 
Casselman and Plantagenet (which draw their drinking water fkom the river). Fecal (2oliform 
densities indicate contamination throughout the entire Payne River with worst contarnination 
being at uppermost stations. Primary sources of fecal contamination are cattle in the river and 
runoff firom manure piles, barnyards, and pastures; also faulty domestic septic systems. 52 farms 
were surveyed in 1987 in the upper Payne Basin; 5 out of 40 dairy farms drained their milkhouse 
waste into an open ditch, potentially causing significant phosphorus loading on the river. Others 
used weeping tile systems and thus, a malfhctioning weeping tile system will also contribute 
si@cantly to phosphorus loading. For two of three years. all of the stations have avera~ed in 
excess of 0.03 ~ . d m L .  Poor tillage practices, lack of permanent vegetation in critical areas, and 
stream bank erosion by animals will a l l  contribute to the problem. There were no incidents of 
nitrate concentrations over 5 Durn and only isolated incidents of nitrate concentratioris over 1 
ppm. The amount of BOD is an indicator of the organic pollution in the water (a BC)D level of 2 
mg/L or less indicates little or no organic pollution in the river). BOD levels over three vear studv 
were most& between 2 and 3 m a .  There were several elevated readings (between 10 and 70 
mg/L); these were limited to headwater stations and were associated with elevated T'KN levels, 
fecal contamination, and excessive phosphorus levels. The sample stations in the uDlper reaches of 
the river exhibited excessive turbiditv (stations 11, 12, and 13 were all consistently over 100% of 
natural turbidity level). Pesticide sampling took place for only one year but it is evident that 
pesticides are moving through drainage water into the river. In terms of acrricultural pollution it 
is reasonable to assume that the Pane  basin is mica1 within the South Nation River watershed. 

South Nation River Conservation Authority (1993), "Rural Beaches Study of the Lower 
South Nation River Watershed, Year 1 Report". 

The South Nation River and its tributaries, downstream of the Village of Crysler were sampled 
weekly &om June 11 to August 26, 1992 (twenty-three stations). E. coli levels exceeded Ministry 
of Health's objectives of 100 organisms per 100 mL of water for five weeks at Jessup's Falls CA 
near Plantagenet and for the entire sampling period at High FatIs CA in Casselman. Faecal 
coliform concentrations were similar to E. coli at these stations. Total phosphoms concentrations 
exceeded the Provincial Water Oualitv Guideline at all samule stations for the entire sampling 
period. 

South Nation River Conservation Authority (1994), "Lemieux Landslide Impact on Water 
Quality of the South Nation River, 1993 Interim Report". 

Weekly water quality samples were collected between June and Aurmst 1992 and I!=. Sites 
were locslted at Jessup's Falls CA (north of Plantagenet), Pendleton, and Lemieux (all three 
downstream ftom the slide) and Casselman (upstream of slide). Parameters tested included E. 
coli, faecal coliform, nitrate, total phosphorus, turbidity, and suspended sediment. C:asselman was 



used to determine background water quality. This site exhibited bacteriological levels and total 
phosphorus levels above PWQO (for recreational use). 

An increase in turbidity, suspended sediment, bacteria and nutrient concentrations were noted at 
other stations as a result of the Lemieux landslide, which had a great impact on water quality of 
the South Nation River. Water supplies for drinking water, animal consumption and general farm 
use were impaired downstream of the landslide. 

South Nation River Conservation Authority (1995), "Clean Up Rural Beaches (CURB) 
Program, Aquatic Invertebrate Report". 

Four CURB sites were sampled upstream and downstream (control site, manure/milkhouse wash, 
septic and cattle access) for aquatic invertebrates, bacteria, and nitrogen and phosphorus; & 
station was only sampled once, duriry Julv 1995. Premise that "surface waters of good quality 
are expected to carry a diversity of aquatic insect species; poor quality waters are expected to 
contain a higher frequency of pollution-tolerant aquatic insect species". Waters of the South 
Nation described as "very turbid". T n b  
manure/rnilkhouse site; livestock fencing showed water quality to be excellent upstream and good 
downstream; good water quality at the septic system site. Septic system site and 
manure/milkhouse wash site both exbiiited higher phosphorus and nitrogen levels d o w n s t r w  
the three non-controls sites showed bacteria levels exceeding Provincial Water Quality Guideline 
(PWQG) both upstream and downstream. 

South Nation River Conservation Authority (1995), "Clean Up Rural Beaches (CURB) 
Plan for the Lower South Nation River Watershed", prepared for the Ontario Ministry of 
Environment and Energy. 

Twenty eight stations along the South Nation River system downstream of Crysler were sampled 
on a weekly basis between June and Aunust 1992 and 1993. Both bacteria and nutrient samples 
were collected from the centre of a bridge spanning the river, where posslile. The South Nation 
River at Jessup's Falls Conservation Area near Plantagenet @tation 1) exhibited occasional values 
above the PWQO for E. coli during both years of the study. E. coli concentrations were above 
the Objective (100 counts per 100 mL of water) for a period of five weeks during 1992 and on 
two occasions in 1993. Excessive bacteria, turbidity and phosphorus concentrations were noted 
following the Lemieux landslide in June 1993 along the South Nation River and tributary mouth 
stations downstream of the landslide. High Falls Conservation Area in Casselman consistently 
exceeded the Objective for E. coli during both the 1992 and 1993 sampling seasons. The Castor 
River at Russell exhiiited E. coli values consistently near the PWQO. All tniutaries excluding 
Castor River and Moose Creek exhibited dry weather E. coli geometric means above the PWQO 
M g  both years. Total Phosphorus values were above the PWQ Guideline of 0.03 mg/L for 
most sample stations throughout the two year sampling period. The ~revalent occurrence of 
elevated total R ~ O S D ~ O ~ U S  concentrations suggests that ~hosphorus ~0hItion is a widesoread 
problem throuh the entire studv area. Nitrogen parameters were within the acceptable limits at 
all stations during the two year study interval. Values above 40 FTU for Turbidity were common 



on the South Nation River downstream of the Village of Lemieux and at sites located on Moose 
Creek, Bear Brook, Cobb's Lake Creek and the Scotch River. Turbiditv values were extrernelv 
h i ~ h  at these sites following the landslide in June 1993. Turbidity levels uaduallv apuroached 
pre-slide levels at the end of the 1993 s-line season. Suspended sediment concerltrations 
generally decreased with downstream distance fiom the slide. 

South Nation River Conservation Authority (1995), "Water Quality Analysis of the South 
Branch South Nation River" (DRAFT). 

A two-year channelization project (to widen and deepen the channel) began in the summer of 
1992 on the South Branch. Monthlv water sam~les were collected along the South Branch 
between May and November 1994. four sam~ling stations on the South Branch and lone on Black 
Creek A 

For a better understanding of water quality characteristics am! trends in the South Branch, the 
1994 water quality data should be compared to pre-channelization data However, for a number 
of reasons, no statistical comparison between the 1974, 1978 and 1994 data sets can. be 
conducted. These reasons included the limited amount of data for 1974 and 1978 and sampling 
and parameter testing methods for 1974 and 1978 are unknown. 

The South Branch is impacted to some degree by pollution, indicated by general increasing 
downstream trends in turbidity, total phosphorus, nitrate and nitrite. Pollution contributors may 

I ~ include stream bank erosion, fkulty septic systems, manure runoff, milkhouse waste -water, field 
erosion and commercial fertilizer. 

South Nation River Conservation Authority (1995), "Farm Water Supply Testing 
Downstream of the 1993 Lemieux Landslide". 

Water samples taken &om the South Nation River after the 1971 slide showed sediment loads 
downstream of the slide showed sediment loads downstream of the slide to be 10 to 50 times 
greater than sediment loads upstream of the slide. hcreaseb sediment Ioads were still experienced 
10 years later with loads being 2 to 5 times greater than pre-slide loads. The increase in sediment 
load had a detrimental effect on the already poor water quality of the South Nation :River and 
negative effects on drinking water, fisheries habitat, crop yields, livestock consumption, 
recreational use of the South Nation River, and sanitation of dairy farm equipment clownstream of 
the landslide. The water quality standards required for a f m  are dictated by the end use of the 
water. There are three common classifications of farm use water: domestic (drinking water), 
livestock, and irrigation. Water used for domestic use should meet the "Ontario Drmking Water 
Objectives" (ODWO). As well, water used in sanitizing milking equipment should meet these 
objectives. 

Water samples were taken from milkhouse tam at 6 farms located along the South Nation 
downstream of the Lemieux landslide. A minimum of one sarn~le per month was taken fiom each 
farm between October 1993 and June 1994. Although most of the farms in the program had 



water treatment systems that worked with varying degrees of success, none of the mstems 
produced water that consistently met the ODWO. Four farms had total colifom and indicator 
organism densities that were consistently higher than the Maximum Acceptable Concentration 
(MAC) from Ontario Drinking Water Objectives (ODWO). Three farms exceeded the Aesthetic 
Objective (AO), 5 NTU, for turbidity. All fanns were well below MAC levels for nitrate. 

South Nation River Conservation Authority (1996), "The South Branch of the South 
Nation River: The Wetland, Woodland, Wildlife Study, 1995 Water Quality Results". 

4 stations along the South Branch and 1 on Black Creek - 1995 sampling season. 8 s m l e s  
collected between April and October. All 5 stations exhibited phosphorus levels five times 
PWQO (0.03 mgL). Black Creek station reached levels 23 times higher than PWQO. In 1994- 
95, mean levels of total phosphorus exceeded the guideline. Phosphorus worsened at three out of 
5 sites. Turbidity levels were worse in 1995 at all sites. 1995 received more rain than 1994. 

South Nation River Conservation Authority (1996), "Non-Point Source Pollution Study for 
the South Nation River Watershed". 

Landuse is given for six sub-watersheds of the South Nation Basin (Upper South Nation, Castor 
River, Bear Brook, Payne River, Scotch River, and the Lower South Nation). Tvpicallv water 
qualitv in the South Nation River and its tributaries is poor throughout the pear with high 
phosphorus. bacteria and sediment concentrations resulting; in unuotable water. In the past, water 
quality in the basin has not satisfied the PWQOs for bacteria and phosphorus. Although there are 
a number of sources, the high levels of these contaminants have been atttriiuted to the l a r ~  
percentage of agicultural land. Water and Earth Science Associates Ltd. concluded that most of 
the sediment is ~roduced in the northern half of the watershed with little contriiution from areas 
upstream of Crysler. They found that the Bear Brook and Castor River systems were producing 
most of the sediment. Also, an ongoing study of the water quality in the Castor River system 
incidates that sediment continues to be a problem. Other areas of concern in terms of sediment 
production included Horse Creek Caledonia Creek and the Scotch River. The South Nation 
River Basin Development Study reported three major sediment producers: a) mass wasting; b) 
open channel drains, and G) sheet erosion of fields; also improperly constructed open channel 
drains are main contributors of sediment. Erosion from fields is less significant than erosion from 
open channel drains in terms of sediment production. This is due to the relatively flat topography 
and diverse cropping pattern within the watershed. 

The 1976 MOE nutrient survev of the SNR watershed found that there were elevated levels of 
phosphorus in the entire watershed. includin~ all  major rivers. triiutaries and the headwaters 
Imost sam~les had concentrations were at least twice the auideline (0.03 m d . .  TP levels were 
slightly lower in the southern portion of the watershed. Between 1980-88, most water quality 
samples taken in the watershed had total phosphorus concentrations greater than the MOEE 
guideline, The Scotch River sub-watershed had the highest concentration of total phosphorus. 
The Castor River also had high concentrations of total phosphorus. The data collected bv the 



CURB Drogram between 1992 and 1994 is similar to 1980-1988 data. The two sub-watersheds 
with the highest concentrations of total phosphorus were the Scotch sub-watershed and the 

I Lower South Nation sub-watershed. Cobb's Lake Creek had the highest TP in the South Nation 
River watershed. High concentrations were attributed to erosion susceptible soils and a high 

I density of agricultural operations. Chan et aL (1980) reported that in the past the objectives for 
I both total and fecal coliform were exceeded throughout much of the watershed. Between 1992 

and 1994, there was no bacterial data collected in the Upper South Nation River watershed. 
1 Cobb's Lake Creek (located in the Lower South Nation Sub-watershed) had the worst water 

aualitv in terms of bacterial contamination. Other areas of concern were the Scotch and Payne 
sub-watersheds. The presence of total, fecal and E. coli in the South Nation River system is 

I attributed to both human and animal sources. The primary human source is faulty septic systems. 
Tn some test watersheds water quality. in terms of bacteria. was poor although - the live:stock 
densitv was verv low. indicating - -  DroDer - management of livestock operations is as imc,rtant as the 
size of the operation. 

South Nation River Conservation Authority (1996), "South Nation River Clean Up Rural 
Beaches (CURB) Program, Year II Annual Report, 1995/96", prepared for the Ontario 

! Ministrg of Environment and Energy. 

Completed CURB projects fiom 1994 to 1996, dealing with septic systems; livestock access 
restriction; milkhouse wastewater disposal; and manure storage. Seasonal E. coli geometric 
means for stations upstream of Carselman were below the PWQO for aU years 19921995 Total 

! 
phosphorus levels in the South Nation River and its tributaries exceeded the MOEE kpideiine of 
0.03 mgil for the protection of aquatic life for most samples collected d w  the four years of 
sampling. The   re valence of elevated total ohos~horus concentrations suenests that ~hos~horus 

il is a widespread problem throu~hout the South Nation River watershed. The 'Non-Point Source 
Pollution Study - Draft Report" also identified phosphorus and sediment as being largely 
contxi'buted fiom non-point source pollution in the South Nation River watershed. Values above 
35 FTU were common in the South Nation River downstream of the Village of Lemi.eux and at 

. . sites located on Moose Creek, Bear Brook, Cobbs Lake Creek and the Scotch River. 

Uutda, A.J., (1995) Petsonal Correspondence with South Nation River Conservation 
Authority, regarding: Invertebrate Samples from the South Branch of the South Nation 
River, 1978 & 1995, Queens University. 

Comparison of invertebrate data collected on the South Branch 1978 and 1995. Four sites, one 
control and three others) were sampled. Data indicates that the sites are probably more ~ouuted 
than thev were in 1978. Productivity levels have gone up and water clarity and oxygen levels 
have probably declined. 



Water and Earth Science Associates Ltd. and McNeeIy Engineering (1981), "Erosion- 
Sedimentation Study", prepared for the South Nation River Conservation Authority. 

Mass movement, either directly or indirectly, is probably responsible for most of the sediment 
production in the basin. It is because of deposition into rivers and looseness of material that 
landslide deposits can be easily eroded by the rivers and why they are so important as a source of 
sediment. For the 1972-78 period maximum daily loads [sediment] varied from 9260 t/d in 19-75 
to 157,000 t/d on 20 May 1976. Two events caused very significant increases in total sediment 
loads, the Lemieux slide in 1971 and an exceptionally rainy and wet year in 1976. Max. daih 
loads between 21.000 and 38.000 t/d seem to be average during more tmical years. In general, 
very significant variations in suspended sediment loads which vary directly as a function of 
discharge are typical of the watershed. About 80% of the total sediment load is fluvially 
transported &om the basin in the months of March, April and May. In general little sediment is 
being derived from the southern parth of the watershed. Apart from natural channel erosion along; 
the South Nation River. most of the streams south of the mouth of the North Branch South 
Nation River are indicated as camring no sediment. Most sediment is derived fiom sources in the 
northern part of the basin; little sediment is contributed above Crysler. The basins producing the 
most sediment are Bear Brook (including the North and South Indian Rivers) and the Castor 
River Basins, with Horse Creek, Caledonia Creek and Scotch River Basins being significant. 
Most of the sediment sources appear to be landslides and slumps along the rivers, creeks, and 
drains and sediment produced fiom drain construction and maintenance. High intensity summer 
storms may cause significant erosion, however, the mean monthly discharges during these periods 
is so low, that the quantity of sediment removed fiom the basins is probably very low. 

Wickware and Associates (1989), "Water Quality and Land Use Relationships in the South 
Nation River Basin", prepared for Water Quality Branch, Inland Waters Directorate, 
Environment Canada. 

Water Quality data for the SNR basin for the period of 1980-88. at 7 monitoring stations: 2 on 
Castor River, 2 on Scotch River; one each at Plantagenet, Casselman, and Chestede. Water 

/ qualitv in the river and its tributaries is tgicallv poor throughout the year with hi& phosphorus 
and bacteria concentrations fieauently resulting in unpotable'water. Runoff fiom agricultural 
cropland and livestock activities contribute phosphorus and bacteria that impair water qyality. 
Fall discharges of effluent fiom municipal and industrial lagoons, as well as sanitary and storm 
sewage outfalls, also contribute to poor water quality in the main river and its tributaries. The 
highest concentrations of total P occur in the Scotch sub-basin. The Castor sub-basin also 
exhiits relatively high concentrations of phosphorus. Trend analysis sueests that TP 
concentrations have increased in all but the downstream basin of the South Nation River 
watershed throughout the 1980's. All TKN values are less than the Drinking Water quality 
Guideline. The highest concentration of turbidity was associated with the Scotch River sub-basin. 
An increasing; trend in turbidity in all of the sub-basins is aoparent throughout the 19801s, 
reflectin? the increase in land drainage. Water quality issues such as high phosphorus and 
turbidity levels remain similar to those ideneed earlier in the decade. Trends for most 
parameters examined during the studv indicate that water ~uality in the basin is not im~rovinq. - 



Zhu, Y., (1993), "Water Quality of the South Nation River, Rideau River and Mississippi 
River: A Statistical Survey", Master of Arts Thesis, Dept. of Geography, Carleton 
University. 

The most prominent surface water problems in the river are excessive bacteria and high nutrient 
(phosphorus) concentrations. Concentrations of total phosphorus are considered high enough to 
contribute to excessive aquatic plant growth and nuisance conditions in basin streams. Bacterial 
contamination is evident throughout much of the basin. Concentration levels are often far in 
excess of Ontario provincial water quality objectives. These elevated levels have been attributed 
to the agricultural activities within the watershed. It was estimated that about 95% of phosphorus 
and nitrates entered the river system as a consequence of massive bank erosion. and fiom the 
leaching - action of surface water runoff &om fertilized fields and fiom livestock operations. and 
5% comes fiom the industrial and munici~al waste lagoons. Bacterial contamination is attributed 
to both human and animal sources. Past studies determined that the main source of bacteria was 
animal manure in the river, although the discharge of waste lagoons at low water tirnes of the year 
also contributed to the problem. The sediment problem had been of concem, both with regard to 
aesthetics (turbidity) and phosphorus levels. 

Trend analysis [of bacterial] showed that in the period of 1970s there was no significant trend 
except at Casselman and Chesterville in the South Nation River. Com~aring the means in the 
1970s and the means of recent data no simificant difference was detected bv a T- tea  Higher 
fecal coliform means for Casselman could be attributable to large amounts of inputs coming fiom 
the Castor River and the Payne River tributaries. 

Decreasing trends were found for phosphorus levels, the decline was very slow and phosphorus 
concentrations were still higher than the guideline. With the present decreasing rate at this 
location. the ~hos~horus  concentration will not be reduced to 0.03 mn/L until the pear 2033. 
evident that controlling ~ o i n t  sources only is not enough to reduce the phosphorus content to the 
obiective because a large - amount of the ~hos~horus comes fiom non-~oint sources, Only when 
effective remedial measures are taken to contrd non-point sources such as milkhouse washwater, 
fertilizers, soil erosions, etc. can we expect significant improvement of water quality in terms of 
phosphorus level. 

For nitrates, during the period of 1984 to 1991, concentrations fluctuated fiom year to year but 
without any trends. 

Distinctly higher BOD, means and medians were observed in the South Nation River, especially at 
Casselman. The high BOD, contents in the South Nation River are consistent with. the overall 
high nutrient levels in the river. An upward trend of BOD values was found. 

An increasing trend for turbidity in the South Nation River. The prevailing increasing: trend of 
turbidity throunhout the study oeriod reflects in particular the increase in land drairlaae as well as 
a correspondinn increase in the erosion ~roblem. Ontario Drinking Water Objectives specifies the 
maximum acceptable limit is 1 Formazin turbidity unit 0, aesthetic objective is 5 NTU. 



Additional Unpublished Studies: 

Black Creek and Bear Brook were sampled from 1990 to 1994 through the Ontario Reference 
Network Program (Environment Canada). This is a good comparison between two streams with 
different landuse impacts. Water quality data, such as turbidity and total phosphorus, indicates 
that Bear Brook is impacted from agricultural and rural use, much more so than Black Creek 
which has much less landuse in general. 

Water Quality Indicators 

Canadian Council of Forest Ministers (1997), "Criteria and Indicators of Sustainable 
Forest Management in Canada, Technical Report". 

When roads are constructed through areas with acidic soil, or when these areas are clearcut, the 
quality of water decreases in terms of both chemistry and turbidity. The decline is reflected in 
higher concentrations of dissolved nutrients and organic chemicals and decreased pH levels. 
These changes are usually small and short-lived. Harvesting of forests leads to an increase in 
nutrients and organic chemicals in stream water for a period of three to five years. 

Stream flows can be impacted dramatically by control structures for hydro power generators, 
flood control measures, agricultural irrigation and human consumption levels. Increased stream 
flows can lead to erosion and stream sedimentation, which can in turn lead to reduced water 
quality and aquatic habitat for fish and other organisms. 

Specific impacts from forest harvest in^ activities include increased water temperatures, 
eutrophication siltation of river gravels. and reduced oxygen levels. A few species of aquatic 
fauna benefit &om these changes. but most are negatively im~acted. Invertebrate species that 
form the basis of aquatic food chains are also sensitive to the physical and chemical alterations in 
streams caused by sedimentation and changes in riparian vegetation. Many fish species have a 
high tolerance for disturbances and are not always the most ,sensitive indicators of habitat 
deterioration. Thus, the damage may be well advanced before symptoms are detected. Biological 
and chemical monitoring protocols need to be developed that would rely on key indicator 
organisms and elements, based on the findings obtained at existing research sites. 

Firehock, K. (1994), "Save Our Streams, Volunteer Trainer's Handbook", The liaak 
Walton League of America, MD, US. 

Contains a Stream Insects and Crustacean Index which can be used for an indicator of water 
quality; Group One - pollution sensitive organisms found in good quality water; Group Two - 
somewhat pollution tolerant organisms can be good or fair quality water; Group Three - pollution 
tolerant organisms can be in any quality of water. 



Ministry of Agriculture, Food and Rural Affairs (1996), "Agricultural Statistics for 
Ontario, 1995", Publication 20, prepared by Statistical Services Unit, Policy A.nalysis 
Branch. 

Ministry of Agriculture, Food and Rural Affairs (1987), "Agricultural Statistics for 
Ontario, 1986". 

Ministry of Agriculture, Food and Rural Affairs (1982), "Agricultural Statistics for 
Ontario, 1981". 

Murdoch, T., Cheo M., and OYLaughlin, K. (1996), "Streamkeeper's Field Guide, 
Watershed Inventory and Stream Monitoring Methods", 5& Edition, The Adopt-a-Stream 
Foundation. 

Contains a good chapter on "Presenting Your Data7* (e.g. charts, diagrams) for difFtxent water 
quality parameters. 

Sharpley, A.N. (1997), "Dispelling Common Myths about Phosphorus in Agriculture and 
the Environment", Technical Paper, Watershed Science Institute, US Dept. of Agriculture, 
Natural Resources Conservation Service. 

A 1972 conference concluded that erosion control is of primary importance to mbhizhg P 
export. Livestock operations in the U.S. have increased dramatically producing more P than local 
crops require. Common myths about P include: 0 Soils are infinite sinks for P - soils cannot 
indefinitely fix applied P and increasing amounts will be released to runoff. 0 Erosion control 
will stop P losses in runoff - erosion control is not the sole answer to P loss concenls; reduction 
of P loss in runoff can only be achieved by integrating source and transport measure:s. 0 Most 
BMPs are permanent solutions - the only permanent solution to reducing P losses hi most cases is 
balancing P inputs and outputs. The potential for P loss in runoff and therebv. accelerated . . 
eutrouhication increases as soil P accumulates. Continual long-term application of f&er or 
manure at levels exceeding crop needs. will increase soil P levels. Amounts of P in "average" 
dairy manure and poultry litter are considerably greater than is removed in harvested crops; the 
result is an accumulation of soil P. Conservation tillage c& also increase the soil P content of 
surface soil, if P is broadcast (?) without soil profile inversion by plowing. 

P associated with soil particles and organic matter eroded during flow events constitutes the 
major proportion of P transported fiom most cultivated land (60-90%). Amounts o f P  
transported from watersheds are tied to watershed hvdrolow. in terms of when and where surface 
runoff occurs. soil P content. and amount of P added as fertilizer or manure. P is more 
susceptible to movement through sandy soils with low P sorption capacities; in waterlogged soils, 
and soils with preferential flow through macropores. Runoff production is usually generated only 
from limited source areas within a watershed. As surface runoff is the main mechanism by which 
P and sediment is exported fiom most watersheds, it is clear that if surface runoff does not occur, 
P export is negligible. Several studies have reported that the loss of dissolved P in runoff is 
dependent on the soil content of surface soil. While dissolved P is an important water quality 



parameter, it only represents the dissolved portion of runoff P readily available for aquatic plant 
growth. It does not represent fixed soil P that can become available. Efficient management ofp  
amendment on soils susceptible to P loss involves the subsurface placement of fertilizer and 
manure, and the periodic plowing of no till soils to redistribute surface P accumulations 
throughout the root zone. Both practices may indirectly reduce the loss of P decreasing its' 
exposure to surface runoff and increasing crop uptake of P and yield. Phos~horus loss via erosion 
and runoff may be reduced bv consenration tillage. buffer strips. riparian zones. terracing. contour 
tillage. cover c r o ~ s  and impoundments or small reservoirs. These stratecjes will be most effective 
if sensitive or source areas within a watershed are identified. rather than spreadin? implementation 
over the watershed. Future advisow promarns should reinforce the fact that all fields do not 
contribute equally to P export from watersheds. Often most P export comes fiom a only a small 
portion of the watershed in relativelv few storms. 

South Nation River Conservation Authority (1993), "Vision 2020, The South Nation River 
Conservation Authority's Plan for the 21" Century, Conservation Strategy". 

Strategies: 
To reduce the adverse affects of erosion and sediment on water quality 
To favour the use of natural measures over man-made structures in erosion control practices 
To encourage the enforcement of regulations for erosion and sediment control 
To encourage the responsibility of landowners for erosion control and shoreline management 
To reduce the pollution of the River resulting from human, industrial, and rural wastewater 

management practices 
To improve septic system regulation, installation and management 
To educate residents on the detrimental effects of wastewater on water quality and how they 

can reduce this impact through good wastewater management 
To improve water quality by encouraging agriculture to follow practices more beneficial to the 

environment 
To provide support for the implementation of these practices 
To protect water systems Eom the damaging effects of some drainage practices 
To offer educational information on agriculture's role in improved water quality 

Terrell, C.R, Bytnar Perfetti, P. (1996), "Water Quality Indicators Guide Surface 
Waters", 2nd Edition, Terrene Institute, Washington, D.C., KendalVHunt Publishing 
Company, Iowa 

Contains Beck's Biotic Index for stream macro invertebrates; Class I Organisms (sensitive or 
intolerant), Class 11 (facultative); Class III (tolerant). Also has indicators for sediment (e.g. 
turbidity, bank stability, deposition); nutrients (e.g. aquatic vegetation, water color, fish diversity, 
behaviour and fish kill); and animal waste (e.g. micro-organisms, organic matter, and nutrients). 



Articles Downloaded from Internet Sites: 

Spooner, C. (date unknown), "Index of Watershed Indicators", provided by 
Environmental Protection Agency and Partners"; website: 
http://www.epa.gov/surf/iwi/intro.html 

US Environmental Protection Agency (June 1996), "Environmental Indicators of Water 
Quality in the United States", EPA 841-R-96-002, Office of Water; website: 
http://www.epa.gov/OW/indic/ 

Contains a list of 18 Water Quality Indicators. Some of these include: Population saved by 
community drinking water systems violating health-based requirements; Source water protection 
(involved with groundwater resource protection); Fish Consumption Advisories; Biological 
Integrity (fish, macroinvertebrates or plants, including algae); Surface Water Pollutants (dissolved 
orrygen, dissolved solids, nitrate, total phosphorus, fecal coliform, and suspended sediments); 
Habitat Assessment (quality of riparian comdor habitat, a stream is compared to a reference 
condition); Selected Point Source Loadings to Surface Water (sewage treatment plants, industrial 
facilities, and wet weather sources such as sewer overflows); Sources of Point Source Loadings 
through Class V Wells to Groundwater (septic systems, cesspools, industrial or commercial 
wastewater); Nonpoint Source Sediment Loadings &om Cropland (cropland and livestock; urban 
runofEj storm sewers; runoff &om roads, construction sites, mining and logging; drainage from 
waste disposal sites and landfills. 

Warner, A., (1996), Developing an Applied System of Ecological Indicators for Measuring 
Restoration Progress in an Urban Watershed", Metropolitan Washington Council of 
Governments paper delivered at Watershed 1996; website: 
http:lhvww.epa.gov/OWOW/watershed/Proceed/wamer 

Humans have been using ecological indicators for hundreds, if not thousands, of yeus: an aching 
joint can suggest rain is on the way, a dead canq  means it is time to leave the mint:, and a 
shadow-shy groundhog is a forecast for six more weeks of winter. 

The loss of impartant forest and wetland habitat, alterations of streamflow, increases in nonpoint 
source pollution, and discharges of combined sewer overflow and industrial waste have all 
contributed to the decline in the ecological health of the watershed [Anacostia Wattashed in 
Maryland). 

The primary focus of the Anacostia indicators has been on direct assessment of the ecosystem; 
only indicators that are supported by existing data were used. First step involves creating a 
com~rehensive list of ~ossible indicators through a series of brainstom sessions. Potential 
indicators included water quality parameters (e.g. temp, DO, total suspended solids, fecal 
coliform) pollutant loads, fish kills, toxic concentrations in fish tissue, bird counts, wetland 
acreage, volunteer monitoring, dollars spent on restoration projects. The next step involved 
assessing data availabilitv, many of the indicators on the comprehensive list were eliminated 
because they were not supported by existing data. The final step relies heavily on professional 



judgement and discussion of which indicators. individuallv and together. will best represent the 
overall condition of the watershed. 

Indicators can be used to track progress and educate general public and public officials. The basic 
purpose of presenting an environmental indicator is to communicate the condition of an important 
component of the ecosystem in a summarized form to a given audience. Not all indicators are 
supported by historical data: some have only one vear of data. resulting in a presentation of status 
rather than a trend over time. 

Recommended Levels for Water Quality 

Parameter 

Turbidity 

Phosphorus 

Atrazine 

Metolachlor 

Dissolved Oxygen 

Nitrate-Nitrogen 

Biological Oxygen Demand 

Bacteria (E. coli) 

Recommended Level 

1 F W  (Drinking Water); 5 NTU (aesthetic) 

0.03 mg/L 

U g / L  . 

8 p a  

7 mg/L at 0°C to 4 m a  at 20°C 

10 mg/L 

2mgfl, 

< 100 counts per 100 mL 









Periphyton biomass can be estimated by collecting 10 fist-sized rocks from 
transects across riffle sections of the river. The rocks are scraped with a wire 
brush to remove the attached algae. Any water is removed from the container 
and the algae are weighed. This is the wet weight of algae and any organic and 
inorganic material that came from the rocks. It will provide a crude estimate of 
biomass. A more accurate determination is made by determining the dry weight 
and the loss on ignition. These measurements are made by drymg the material 
for 2.4 hours at 60 C. The dry weight is then measured. The dry material is then 
transferred to a muffle oven and heated at 450 C for 24 hours. The reside is non- 
organic matter and this weight can be subtracted from the dry weight to yield an 
estimate of the periphyton biomass. The most accurate measurements of biomass 
are made by determining chlorophyl a using standard laboratory methods. 

Biomass is related to surface area of the rocks. The surface area of the rocks are 
calculated by wrapping each rock in the appropriate amount of aluminum foil. 
The pieces are then weighed and the surface area calculated by comparing to the 
weight of a piece of aluminum foil with a known area. If a balance is not 
available, the piece of aluminum foil can be flattened and the actual area 
measured. 
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SOUTH NATION 
CONSERVATION 
DE LA NATION SVD 

March 4, 1998 

RE: Request for Prop~~al to Complttc a 
Review of SNC9r Water Q u n l i  Monitoring Program 

South N h n  Conservation (SNC) is prep* a strategic monitoring plan fbr water 
quality monitoring initktkw. SNC has been involved in non-point source pollution M e  
programs fbr five years tbrough the Clean Water Program. SNC is c o n d  tbat the artrant 
water quality monitoing does not efktively show changes in watershed water quality. Many 
questions remain rlfinnnweml with the current monitoxkg program, such as: Ie watershed water 
quality changing over time? Ie the health of the watershed improving? Are the SNC nonlpoint 
swrce programs dfedve at improving water quality? 

SNC would like to complete a review of the c u m  monitoring p h  and re-focus activities for 
1998 to meet the fillowing objectives: 

document wstGtrhed health and water quality conditions; 
provide spatial and temporal trend analysia in the South Nation waterkd; 
devdop a plad to document the cff8ctivencas of non-point source program at r a  

contamhut 10- to the watercourse; 
incressc the c f k c t i ~ a  of the SNC water quality initiatives; 
optimize the SNC monitoring strategy and bdance physical, chemical, biolo&d and 

indicator monitoring in a wst effective manner. 

Your firm is imrited to provide a propoed to complete the review of SNC monitoring programs 
and develop r e c o d t i o n e  fbr hture monitoring activities of the SNC. The fillowing 
idofmation should be included in your quote: 

proposed acthitics to meet the above objectives; 
outline relevant quaIifications and experience of stafF to be a a a i p d  to the project. 

The following tasks are targeted for completion through the Monitoring Program Review (listed 
in priority order). Addi t id  taelre may be considered and worked into the proposal. SNC is 
committed to $10,000 to complete this review. Pmposals &odd be baaed on thia amount. 

a) Review of current Provincial Water Quality Monitoring Network (PWQMN) and 
Watershed Characterization locatiom, hquency, and parametem to develop a minirmlm 
req-t fbr monitoring and recommended changes to the program, wing MOE 
requirements in mind. An aase~ment of the program reaoucce constrainte vereus needs 
should be made. 
b) Evaluate the best use of volunteer reeaurcee available through the Riverwatch and 
Bugwatch Program and recommend mod8cati01l~ to locatim, parameters, and 
hqwmcy of wunphg to enewe quality data is collected. 

15 rue Union Street, Berwick, Ontario KOC 1GO Tel.. (613) 954-2948 Fa: (613) 984-2872 inf&nation.on.ca 
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c) Develop criteria for the SNC bio-monitoring plan a d  coneider various techniques for 
collection of this data. This will lead to the recommendation of the optimum bio- 
monitoring strategy for SNC, including atation location, &quency, md methodology. 
d) Use of eimple teGhniques to demonatrate water quality hpmvematr due to SNC 
projects will be considered for demonstration and public relations' purposes. Criteria will 
be developed with the input of SNC &&and optimum methods will be rec-. 
e) Evaluate mapporting programa to add to the effectiveneas of wata quality m-riag 
program i.e. rain puge and atream gauge network. 
f )  All of the above methodg will be integrated into an overall plan for water quality 
monitoring and reporting fur the SNC watershed. 
& Recommendations will be made fbr the aelectim and calibration of an accurate 
indicator parameter for uee as a low-cost meam of ertjmating pho~phom levele in a water 
body. 
h) Since phosphanre ie a eignificant btm in detaminhg the tropbi~ statua of a water 
body, a Pimple means of clasaifjring the level of eutrophication will be recommended. 

Pro~oarlr rhould be s u b m w  to the of- V- Water 0- 
Coordinator. mrior to 4:00 on -2,1998. 

Sincerel , &/+ 
Leslie Vaaclig 
Water Quslity Coordinator. 

Encloswea: South Nation C o m a t i o n  Water Quality Initiatives 1997 
SNC Resum 




