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selected stations, and for which a reasonable number of observations have been 

made were selected for  study (Table 3.2). Mercury and a1 uminium, for which data 

were available primarily from the Lower sub-basin, were evaluated only for Trend 

Analysis . 

Indivi dual station observations have been plotted over the period of study (1980- 

1988) rather than mean or median values because of a number of inherent 

1 imitations associated with the information. These incl ude: 

1) the data are not normally distributed and include 

significant gaps i n  the data base. 

2) data i s  frequently coll ected (or reported) inconsistently 

during the year with the result that the data collection 

is skewed; 

3) collections are taken monthly a t  approximately the same 

time. Data may therefore be I1event" influenced during 

certain sampl i ng periods b u t  not others. This i s  a 

particular concern for sediment-associated variables such 

as turbidity or phosphorous which are signi f i cant1 y 

infl uenced by stormfall events, floods, i ndustrial 

discharges etc. ; 

On the basis of th i s  assessment, trends a t  the sub-basin level were identified 



industrial lagoon discharges i n  Winchester; 

2) the Cassleman impoundment during fa l l  emptying of the 

industrial lagoons i n  Winchester; and 
- - -.- 

- .  
3) the Crysl er impoundment due t o  continuous summer 

discharges from an industrial source i n  Chestervill e. 

The SNRCA has estimated that approximately 4% (SNRCA 1983) of the total 

phosphorous 1 oading and 0.5% of the total nitrogen loading results from these 

point source contributors. 

5.0 U T E R  QUALITY CHARACTERISTICS 

Water qual i ty  in the r iver  and i ts tr ibutaries i s  typically poor throughout the 

year wf t h  high phosphorous and bacteria concentrations frequent1 y resul ting i n  

unpotable water (SNRCA i983). There are several contributing factors including, 

extremely low flows during summer and fa l l  months, and sedimentation resulting 

from erosion a1 ong streams and ditches . Runoff from agri cul tural crop1 and and 

livestock act iv i t ies  contribute phosphorous and bacteria that impair water 

qual i ty. Fa1 1 discharges of ef f 1 uent from municipal and industrial 1 agoons, as 

we1 1 as sanitary and storm sewage outfall s, a1 so contribute t o  poor water qua1 i ty 

f n  the main river and i t s  t r ibutaries (SNRCA 1983). 

Ten water quality variables which have been monitored a t  each of the four 



Figure 4.10 - Water Quality 



of erosion i s  the dominant type i n  the basin due t o  the extensive areas of clay, 

the high percentage of row cropping (corn), and the extent t o  whi ch these areas 

are subject t o  flooding. Although most of the flooding, hence erosion and 

sedi ment 1 oadings, occurs during the spring me1 t, periodic flooding occurs during 

the summer and fa l l  months, heavy rainfall  events a t  most times of the year 
.. 

stimulate erosion and sediment events. 

Outlet drains (excavated ditches) are also extensively used in the basin and 

contribute significantly t o  sediment 1 oadings through bank erosion. Drains i n  

the northern part of the watershed (Lower sub-basin) which are typically 

constructed i n  the marine clays are particularly important in th i s  regard. 

4.2.3 Industrial and Municipal Discharges 

Although point source discharges are not important on a basin scale, they may 

be important locally. The point sources in the basin, include 2 industrial 1 agoon 

d i  scharges and 6 muni ci pal 1 agoon d i  scharges . Major poi n t  source di scharges i n 

the basin are shown on Figure 4.10. 

Model 1 ing carried out by the SNRCA (MacLaren Pl ansearch 1982), suggested that 

Potential 1 y unacceptabl e di ssol ved oxygen concentrations downstream of specific 

point sources could occur as a result  of low flow conditions. These locations 

incl ude: 

1) the East Castor River during l a t e  summer continuous 



FIGURE 4.9 
Bank Stability and 

Primary Rood Zones 

Potentially Unstable 
River Banks 

Fkod zones 



rates of 0.100 - 0.499 kg/ha. Use of th i s  l a t t e r  herbicide in the Upper sub- 

basin i s  1 ess (0.050 - 0.099 kg/ha) ref1 ecting the higher acreages of unimproved 

land in th i s  part of the basin. 

4.2.2 Land Erosion 

A1 though soil erosion on agricultural land is not generally perceived t o  be a 

major problem i n  the basin, a number of locations, particul arly a1 ong the Castor, 

Bear Brook, Scotch and lower South Nation Rivers are highly susceptible to  

ins tabi l i ty  and lands1 ides. This instabil i ty i s  associated w i t h  the finer 

textured s i l t s  and clays into which these rivers have cut channels. The areas 

most susceptible t o  instabil i ty are delineated on Figure 4.9. 

Sediment 1 oads result  primarily from bank instabil Sty and erosion a1 ong the South 

Nation river and several of i t s  t r ibutaries (Figure 4.9). A smaller percentage 

of erosion occurs over the f l  at-1 aying agricultural 1 ands i n  the Lower and Bear 

Brook sub-basins during periods of flood i n  l a t e  spring or early summer. Soil 

loss i s  general lower due t o  the f l a t  laying nature of the land which reduces 

gully and r i l l  erosion commonly associated w i t h  more rol l ing or undulating 

terrain. 

THe importance of soil erosion for surface water qua1 i t y  was high1 ighted by the 

PLUARG studies which identified the significance of soil part icle size in 

control 1 i ng 1 oadings from agricultural 1 and. The imp1 ication being that whi 1 e 

soil  loss i t se l f  may be low, nutrient losses could be significant due t o  their  

solubility, .- and close association with clay colloids. I t  i s  1 ikely that th is  type 
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typical 1 y medi um (10-20 ppm) and require i n p u t s  of phosphorous for maximum crop 

production. Potassium values are considered medium (61-120 ppm) t o  high (121- 

150 ppm) and would, a t  medium levels require potassium inputs. Soil pH ranges 

from 6.1 t o  7.0 and does not require liming for  crop production. Nitrogen i s  

also applied, w i t h  rates dependent on crops being grown and manure appl ications. 

Within the basin, nitrogen i s  applied i n  such forms as urea, anhydrous ammonia, 

ammoni um n i t ra te  and 1 iquid nitrogen. Phosphate is suppl i ed through 

superphosphate and monoammoni um or diammoni um phosphate. Potash (K20) is  mainly 

appl i ed through muriate of potash (Graham and Associates 1981). 

Livestock manure is also an important source of organic nitrogen with 

approximately 8,000 tons of nitrogen produced i n  the basin each year through 

this source (Graham and Associates 1981). 

Pesticide Use 

Pesticide use i n  the basin has shown a steady increase since 1971 (Graham and 

Associates 1981; McGee 1984). Figures 4.4 t o  4.8 show the agricultural use of 

various pesticides throughout the basin i n  1983. Similar information for 1988 

is currently being prepared b u t  was not available in time for th is  study. 

In general, herbicide use i s  moderately high t o  high i n  the basin with Phenoxy 

acid herbicide use being very high (> 0.500 kg/ha) i n  the lower part of the 

basin. Triazine herbicides are  also used extensively i n  the basin a t  application 
- 
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Table 4.5. Estimate of fe r t i l i ze r  use (Tons) for the County area 

that  1 ies i n  the SNRB for the years 1971, 1979 and 

1980. 

................................................................ 
Counties m lPLP m 

Ottawa-Carl eton 

Russel 1 

Prescott , 

Grenvi 11 e 

Dundas 

Stormont 

GI engarry 

Total s 

~ Source: Agri cul tural Component Background Study, Report No. 4. 

South Nation River Conservation Authority, 1981. 

i it can be seen that f e r t i l i z e r  use is  typically low throughout the basin 

(approximately 72 1 bs/improved acre), with the highest appl i cations occuring in 

northern parts of the basin. Most fe r t i l i ze r  applications are t o  corn. 

Soil samples tested i n  the basin indicate that levels of phosphorous are 



' Table 4.4. Livestock populations i n  the SNRB during the period 

1971-1980. 

................................................................ 
Livestock rP71 u26 rean 

Cat t le  151,154 146,815 138,000 

M i  1 k Cows 79,638 71,790 56,500 

Pigs 35,842 24,026 60,000 

Sheep 2,171 4,646 7,500 

................................................................ 
Source: South Nation River Basin Water Management Study. Main 

Report. 1983. 

1 

Ferti 1 izer Use 

Comprehensive data on f e r t i l i z e r  use i n  the basin i s  1 imited. The most recent 

data, summarized from information maintained by the F e r t i l i z e r  I n s t i t u t e  of 

Ontario, i s  presented i n  Graham and Associates (1981) (Table 4.5). On the basis 

of t h i s  information 



showing the physiographic units of the basin, shows the drainage t o  be 

concentrated on the Winchester Clay Plain and drainage concentrated i n  the lower 

portion of the Upper sub-basin, the upper portion of the Lower sub-basin and the 

Scotch sub-basin. 

Livestock Operations 

Production of milk is the single most important agricultural act ivi ty in the 

basin, w i t h  most crops (e.g. corn, hay, etc.) grown t o  support t h i s  activity. 

Beef production i s  not as important i n  the basin compared t o  dairy operations 

although there has been some shifting t o  th i s  type of operation and i t s  relative 

importance i s  increasing (Graham and Associates 1981). Few feed l o t s  are found 

i n  the basin. A summary of livestock population for 1971, 1976 and 1980 are 

provided i n  Table 4.4. These s ta t i s t i cs  are based on a special run  done for the 

Basin Management Study i n  1980, by Sta t is t ics  Canada. 

16 



Areas Tile Drained 
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marginal type 1 ands . 

Market gardening systems occur throughout the basin, and a1 though have shown some 

increase i n  area since 1983, s t i l l  occupy a 1 imited land area (< 1%). 

Much of the remaining area i n  the basin is "unimproved" land w i t h  the greatest 

proportion i n  woodland. The Upper sub-basin has the highest percentage of 1 and 

i n  th is  category (28%), while the Castor sub-basin has approximately 16%. Id1 e 

land i s  also greatest i n  the upper sub-basin (12%), and lowest i n  the Scotch sub- 

basin (4%). 

Wet1 ands occupy a small (2.5%) yet significant percentage of the basin. Incl uded 

i n  th i s  class are major portions of the Alfred bog, the Moose Creek bog, 

Winchester bog, and the Spencervil 1 e bog. 

Agricultural Drainage 

Although the basin i s  characterized by extensive useable lands, the most 

significant limitation results from poor natural drainage. As noted earl ier ,  and 

as illustrated i n  Tab1 e 4.3, almost two-thirds of the land base in the four sub- 

basins i s  comprised of s i l t s  and clays. The Scotch sub-basin has the largest 

percentage (83%) of these f iner  textured material s. To improve the agri cul tural 

capabilities of the land base, extensive areas throughout the basin have been 

t i l e  drained (Figure 4.3). A comparison of the area t i l e  drained with Figure 4.1 

15 



----------------------.----*-------.------------------.----.----.-----------.-------*---.---.-------------*- 
Table 4.3. Land use and major s o i l  textures in  the s i x  sub-basins o f  the South Nation River watershed. 
-----.------*--*-------.----. .-------*---------------*-----------------*------------------------------------ 

LANO USE SOIL TEXTURE 

SUB-BASIN PCHH HGG MG IDLE FOREST URBAN WETLAND SAND Sl/C ORGANIC 

% X X % X % % % % X 

Lower S w t h  Nation 59 5.7 0.05 6.8 22.7 0.7 3.5 27 62 1 1  
Upper South Nation 47 7.8 0.25 12.4 28.9 0.6 2.5 26 67 9 
Castor 59 7.2 0.07 9.6 16.4 1.9 3.4 29 61 10 
Scotch 65 4.7 0.03 4.2 24.9 0.6 0.1 9 83 8 
Bear Brook* 38 8.2 0.5 8.3 38.1 2.2 0.3 52 48 2 
Paynee 53 4.7 0.2 9.7 30.5 0.6 0.2 10 88 2 ------------------_-------------------------------.--------------------------------------------------------- 
P W H :  ronoculturc, corn system, mixed system, hay ~ ~ s t -  
HGG: pasture system, grazing system 
MG: market gardening 
*: general estimmte only f o r  so i t  texture 



Table 4.2. Agricultural Land Use Systems used to  characterized land use 
throughout Ontario. 

Symbol Land Use Systcl Description 

P Monocul ture A contiguous arrangement of four or more fields, 
or a minimum. of 16 ha. of corn or small grains. 

C Corn System A contiguous arrangement of four or more f i  el ds 
of uniform size. 40-75s of the area i s  corn, the 
remainder i s  a mixture of hay, pasture and sometimes 
grain. 

M Mixed System A contiguous arrangement of four or more fields 
of uniform size. There must be some corn, b u t  1 ess 
than 40% of the area. The remainder i s  a mixture 
of hay, grain and pasture. 

H Hay System A contiguous arrangement of four or more fields 
w i t h  a mixyure Of hay, grain, and pasture, the 
1 arges t port1 on being hay. 

HG Pasture System A contiguous arrangement of two or more fields 
w i t h  a mixture of hay and pasture, about equal 
quani ti  tes of each, 

G Grazing System A contiguous arrangement of four or more fie1 ds 
or a minimum of 16 ha w i t h  no field separation of 
either permanent pasture or native grass pasture, 
or a combination. I t  may have minor amounts (< 10%) 
of hay. 

A 1  Idle Agricultural Land idle for 1-10 years and i n  a s ta te  of 
reversion Land t o  natural vegetation. 

A2 Idle Agricultural Land idle for more than 10 years and supporting 
Land native vegetation. 

Z Wood1 and Forest cover w i t h  a minimum of 45% crown closure 
density and not less than half a hectare in area. 

Zp Pastured Woodland Woodlands that are grazed by 1 ivestock. 

Zr Reforestation Land supporting a stand of ar t i f ic ia l ly  stocked 
trees, 

B B u i l t  up Urban related land uses. 

X Swamp, Marsh Supports vegetation characteristic of a poorly 
drained area. 

E l  Extraction Sand and gravel pi ts  and quarries. 

€2 Extraction Topsoi 1 removal . 
T Sod 'Farms Pub1 i c  or comnercial sales. 

R Recreation Parks, go1 f courses, campgrounds, etc. 

K Speci a1 ty Orchards, market gardens, etc. 
Agri cul ture 

W Water Rivers, streams, etc. 



Table 4.2 describes the Land Use Systems c lass i f i ca t ion  as applied i n  the SNRB 

as we11 as throughout most of southern Ontario. Tabl e 4.3 summarizes Land Use 

Systems as we1 1 as major s o i l  textures for each o f  the  four sub-basins examined 

during t h i s  study. 

I n  each o f  the basins the dominant Land Use Systems are associated w i th  F ie ld  

Crop systems which i n c l  ude monocul ture, corn system, m i  xed system and hay sys tern 

(PCMH i n  Table 4.3). The monoculture system i s  essent ia l ly  a non-rotational 

cropping system of the same crop year a f t e r  year. I n  the SNRB t h i s  i s  

predominantly corn. The corn system i s  predominantly corn, but r e f l e c t s  a 

ro ta t iona l  pattern w i th  hay and pasture and some grains. I n  the basin 

approximately 60% of t h i s  system would be i n  corn, e i ther  f o r  s i lage or  gra in 

(Graham and Associates, 1981). The mixed agr icu l tura l  1 and use system (Tabl e 4.2) 

re f lec ts  a more mixed aspect of the ro ta t iona l  pat tern w i th  1 ess extensive corn 

however and more hay. The hay system includes predominantly hay w i th  some cereals 

and corn. These various land use systems f o r  the most pa r t  support the primary 

agr icu l tu ra l  pursu i t  of the basin which i s  dairy-1 i vestock operations. 

The Scotch sub-basin i s  dominated by these row crop land use systems (i.e. corn, 

corn w i th  hay, and hay) w i th  65% of the  sub-basin characterized as such. The 

Upper sub-basin has the smallest percentage (47%) dedicated t o  f i e 1  d crops, 

ref1 ect ing the f a c t  t ha t  t h i s  area has the 1 east area o f  " impr~ved '~  1 ands of the 

basin. 

The hay/grazing systems (HGG i n  Table 4.3) are character is t ic  of the Upper sub- 

basin and are associated wi th  extensive l ivestock operations and often wi th  



Land Use System Classification 

Agricultural Land Use Systems have been used as the basis for describing land 

use w i t h i n  each of the sub-basins examined during th is  study. 

Land Use Systems have been developed t o  improve the nature of rural 1 and use 

analyses. Based on work done i n  the Ottawa-Carleton region six systems, using 

the farm as the basic u n i t  of analyses, were identified. These systems were 

Monoculture, Corn System, Mixed System, Hay System, and Grazing System. Each of 

these Systems are re1 a t i  vel y stab1 e through time, i .e. annual rotational changes 

i n crop cover do not affect their  classification. Real changes i n  land use 

however, such as occurs when a mixed farm moves t o  a 1 ivestock operation, are 

readi 1 y detected. This system was subsequent1 y appl i ed t o  various areas 

throughout southern and eastern Ontario, including those counties w i t h i n  the 

South Nation River basin. A1 though the Agricultural Land Use Systems maps were 

based on a 1979 survey, the nature of Land Use Systems are such that not only 

are classes relevant for a longer period of time, b u t  the type of information 

i s  more easily related (qual i tat ively) t o  water qual i t y  information than i s  the 

more traditionally used crop summary information (OMAF 1987). In th is  1 a t ter  case 

information i s  provided on a crop by crop, f ield by f ield basis and as such i s  

frequently out of date by the following year because of crop rotation. Further, 

there are  d i f f icul t ies  analysing several years data as i t  i s  d i f f icul t  to  

determine whether a change i n  crop cover i s  simply a rotational change or a real 

change in 1 and use. This type of information however, i s  available annual 1 y 

through OMAF and a1 though not used for th is  study, could be used for those basins 

where Land Use Systems information i s  not available. -- 

13 
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4.2 Land Use Characteristics 

Land use i n  the Basin i s  dominated by agricul ture w i t h  approximately 60% of the 

1 and base i n  this activf t y  (Tab1 e 4.1). 

Figure 4.2 shows generalized land use throughout the basin. 

................................................................ 
Table 4.1. Distribution of land use i n  the South Nation River 

Basi n. 

................................................................ 
l.anLU Hectares p r o ~ o r t  i on 

Agriculture 237,000 60% 

Woodl ands 90,000 23% 

Wet1 ands 9,000 2% 

Forest Plantation 2,000 1 % 

Id1 e Land 34,000 9% 

Urban & Other 19,000 5% 

------- ---- 

Total 391,000 100% 

................................................................ 
Source: South Nation River Basin Water Management Study. Main 

Report. 1983. 



clay lacustrine and marine sediments and organic (peat and muck) deposits. 

Clay and clay loam textured soi ls  dominate much of the basin (Figure 4.1), and 

were laid down during the Champlain Sea period. Extensive areas of sands, and 

- a 1 oamy sands a1 so occur parti cul arl y i n  the extreme northern and southern port1 ons 

of the basin. Organic deposits of muck and peat occupy as much as 10% of the 

basin and are scattered throughout occupying poor1 y drained depressions, 

abandoned stream channels and along drainage divides. Re1 ief i s  very low 

throughout the basin and th is ,  together w i t h  the f ine  textured soi ls  are 

primarily responsible for many of the water management issues i n  the basin. 

4-1-2 Hydrology 

The dominant hydrological feature of the Basin i s  the South Nation River whose 

headwaters r i s e  near Brockville i n  the southern part of the basin, and flow i n  

a northeasterly direction t o  i t s  confluence with the Ottawa River, approximately 

40 km east of Ottawa. 

Along much of i t s  length, the river flows through the Winchester and Ottawa 

Val ley Clay Plains. In the southern and northern parts of the basin, reaches of 

the river flow through sand plains which overlay. a clay substrate. A number of 

small er r ivers or creeks drain several sub-basins' incl uding the Bear Brook Creek, 

and the Castor, Scotch and Payne Rivers. In th is  study the Upper and Lower South 

Nation, the Castor and Scotch River sub-basins were examined. 



FIGURE 4.1 
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basins. The Payne and Bear Brook sub-basins are not current ly  monitored. The 

Upper sub-basin i s  represented by the monitoring s ta t ion  a t  Chestervil 1 e, the 

Castor sub-basin by the  s ta t ion  downstream from Russell (conc. 5 Russell Twp.), 

the  Scotch sub-basin downstream from St. I s idore  (Scotch Rlver East Conc. 17) 

and the Lower sub-basin a t  Plantagenet (Hwy. 17). 

The Plantagenet s ta t i on  a lso represents the f i n a l  monitoring po in t  p r i o r  t o  

export from the basin, and integrates a l l  water qua l i t y  information from the 

en t i re  South Nation River Basin. The s ta t ion  a t  Casselman (on the  South Nation 

River) was not used since i t  integrates non-point and po in t  source contributions 

from several sub-basins. 

4 -0 PHYSICAL AND LAND USE CHARACTERISTICS 

4.1 Physlcal Characteristics 

4.1.1 Surflcial Deposits 

Sur f ic ia l  materials i n  the South Nation River Basin are associated w i th  a range 

of physiographic conditions (Figure 4.1) re1 ated t o  the Late Wisconsin g lac ia l  

period, and subsequent post-glacial inundation o f  the area by the Champlain Sea. 

These marine deposits were i n  tu rn  modified fo l lowing recession of the sea by 

fl uvia l  a c t i v i t y  associated w i th  the Ottawa River. Features formed during each 

of these phases i n c l  ude f i ne  textured (c lay 1 oam) till p l  ains, sandy and gravel 1 y 

g l  acio-f l  uv ia l  outwash deposits, sandy 1 acustrine de l ta i c  and f l  uv ia l  deposits, 



FIGURE 2.1 
South Nation River Basin 

showing sub-basins and monitoring 
stations (x) used in the study, 

and stations not used (0) 
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3.1.3 Sub-basin Partitioning and Current WE 

Monitoring Stations 

' *. 

In order t o  anal yse water qual ty  data and water qual i t y  / 1 and use re1 ationshlps 

- .  effectively, i t  i s  important t o  work within a common spatial framework. The 

watershed or river basin provides th i s  ecologically significant spatial 

framework. Within the South Nation River Basin there are 6 major sub-basins 

(Figure 3.1) including: 

a )  Upper South Nation sub-basin which includes a l l  drainage 

area above the Chesterville Dam; v 

b) Castor River sub-basin; 

c )  Bear Brook sub-basin; 

d )  Payne River sub-basin; 
. . 

e) Scotch River sub-basin; and 

f )  Lower South Nation sub-basin which includes a l l  drainage 

area not included i n  the 5 previously defined sub-basin;! 

L .- Although there are seven water quality monitoring stations within the basin, only 

four of the basins are effectively monitored through the existing network. These 
- - 

include: the Upper South Nation, Castor, Scotch and Lower South Nation sub- 



Summary information on the  location of a l l  waste disposal s i t e s  w i t h i n  the basin 

was obtained through MOE (1988). 

South Hatlon Rlver bsln Water Uanagement Study 

A valuable source of land use and other resource description information for  the 

basin was the  south Nation River Basin Water Management Study conducted during 

the  ear ly 1980's. In 1980/81 sixteen detailed studies were carried out through 

the Canada-Ontario Eastern Ontario Subsidiary Agreement, t o  provide detailed 

background information re1 at ing t o  water management issues w i t h i n  the basin. 

These studies provide detail  ed technical information on resources such as 

agriculture,  f i s h  and w i l  d l  i f e ,  forestry,  id1 e 1 and, residential  and commercial 

a c t i v i t i e s ,  water resources and erosion. Information contained i n  these reports 

was part icular ly useful when exami ning water qual i ty/l and use re1 ationshi ps, and 

I n  the evaluation of water quality trends. Information on t i l e  drainage, 

livestock operations and major non-point sediment and nutrient producing areas 

and important point sources were obtained through these reports.  

SNRCA s t a f f  were helpful . in identifying s ignif icant  trends i n  land use in the 

basin since the  ear ly 19801s, and in re la t ing  these t o  possible trends i n  water 

qual i ty. 



Data Format and Analysis 

Data was received from MOE as an ASCII f i l e  and reformatted into LOTUS 1-2-3 

relational database format. The data were then sub-divided into small er f i l  es 

(i.e. nutrients, major ions, metals and others) t o  speed processing time in both 

LOTUS and the s ta t is t ica l  analysis programs. Tabu1 ar  summaries of the data were 

created in LOTUS. The data were then downloaded into STATGRAPHICS (STSC, Inc. 

1987), a PC based s ta t is t ica l  software package. All analyses were carried out  

using the STATGRAPHICS software on an IBM PS/2 286 w i t h  math co-processor. Time 

Series Analysis, Trend Analysis and Regression Analysis were carried out on 

sel ected vari abl es as appropriate. 

3.1.2 Land Use Data 

" L 

Data Sources 

Land Use data were acquired through several sources including: , . 1) the South 

Nation ~ l v e r '  Conservation Author1 ty (SNRCA), 2 )  the Ontario Ministry of 

Agriculture and Food (OMAF) , and 3)  MOE. Agricultural Land Use System maps (1979) 

prepared by OMAF, provided the most useful information regarding the nature and 

d l~ t r l bu t ion  of land use i n  the basin. Stat is t ical  summaries by township, of 

the major Land Use System classes were also provided through OMAF. Land Use 

Systems information, which i s  reported on a County or Township basis, was 

converted t o  the sub-basin framework through proportional a1 1 ocati on of each of 

the major land use classes. 



Spatial and temporal ava i l ab i l i t y  of data for  each of the parameters i s  high1 y 

variable. The most intensively sampled location i s  the lower sub-basin of the 

watershed near Plantagenet, while the l e a s t  sampled location is i n  the upper 

basin a t  Chestervill e. I n  the  1 a t t e r  case, data is  available primarily for  1987 

and 1988. 

Sampling frequency f o r  each parameter is a l so  variable. Only the Pl antagenet 

s t a t ion  i s  sampled regularly. As a r e su l t ,  a sub-set of the en t i r e  data base was 

selected fo r  analysis (Tab1 e 3 .2 ) .  Water qua1 i  t y  information on Organic 

parameters i .e. t o  examine herbicide and pesticide residues, was not available, . . 
although general information on herbicide and pesticide use i n  the  basin was 

obtained through OMAF (McGee 1984). 

Table 3.2. Parameters selected for  analysis i n  the South Nation 

River Basin study. 

................................................................ 

Chloride A1 ka1 i n i  t y  Conductivity 

Total Nitrogen Copper Total Phosphorous 

Turbidity Lead Mercury 

D i  ssol ved Oxygen NH3-N A1 umi n i  um 

................................................................ 





3.1 Data Collection and Literature Review 

3.1.1 Water Qua1 i ty Data 

Data Source 

Water qual i t y  data for  the South Nation River Basin for  the period 1980-1988 was 

obtained through the Ministry of Environment, Hydrology and Networks U n i t ,  Water 

Resources Branch. Seven monitoring stations for which data was-:available are 

located w i t h i n  the basin (Figure 2.1) and include: 

o Castor River a t  Conc. Rd. No. 5 Russell Twp. 

o Castor River a t  Conc. Rd. No. 3 Russell Twp. 

o Scotch River East a t  Conc. 17 downstream St. Isidore 

o Scotch River East a t  Conc. 19 upstream S t .  isidore 
* 

o S. Nation River Hwy. 17 Plantagenet 

o S. Nation River a t  dam downstream Casselman 

o S. Nation River a t  dam .Chesterville 

Data on water qua1 i t y  parameters for each of the stations was down1 oaded from 

the MOE data base onto 5 1/4" floppy disks and made available to  Wickware & 
3 

Associates. Water qual i t y  parameters and data avail abil i t y  for those stations 

used i n  this study are 1 isted i n  Table 3.1. 
A 



2 )  Analyze water qual i ty  data coll ected from the South Nation River basin 

between 1980 and 1988 to  determine re1 ationshi ps between water qual i ty 

changes and land use practices i n  the basin during that  time. 

3)  Prepare a report which defines chemical di fferences between different 

reaches of the South Nation River and i t s  t r ibutaries,  and re la te  such 

differences t o  specific issues such as eutrophication, pesticide use and 

urban development. Where possible, ascribe cause t o  the observed 

differences by examining specific mechanisms which coul d account for the 

observations . 

3.0 STUDY HETHODS 

Work on the study was undertaken i n  three phases: 1) acquisition and review of 
. . 

a l l  available water qual i t y  and land use data for the basin; 2 )  s ta t i s t ica l  

analysis of water qual i ty  data and eval uation of water qual i ty/l and use 

re1 ationshi ps; and 3)  preparation of report and recommendations regarding use 

of the data as part of a national water qual Sty monitoring network. A brief 

Out1 ine of the methods associated with each phase of the project follows. 





suggested t o  better address federal needs. 

The purpose of th i s  pi lot  study i s  t o  examine existing MOE water quality data 

for the South Natjon River Basin, particularly i n  relation t o  existing land use 

practices in the basin. The data wil 1 be evaluated i n  terms of i t s  adequacy An 

addressing specific national water qua1 i t y  issues which are of concern i n  this  

river basin. 

The South Nation River 3s one of eastern Ontario's largest rivers with a drainage 

basin of approximately 3900 km2 (Figure 1.1). The basin includes parts of the 

Counties o f  Leeds and Grenvill e, Stormont, Dundas and G l  engarry, Prescott and 

Russel 1 , and the Regi onal Muni ci pal i t y  of Ottawa-Carl eton. A1 though there are 

no major urban centres i n  the basin, most communities are within commuting 

distance of one of four large municipal i t ies :  the Town of  Hawksbury; the Ci ty  

of Cornwall ; the City of Brockville, or the City of Ottawa. The river basin has 

unique physical characteristics which cause continuing probl ems for natural 

resource management i n  general and water management i n  particular (SNRCA 1983). 
. , 

2.0 STUDY OBJECTIVES 

The following objectives for the study were defined: 

1) Conduct a 11 terature rev1 ew of water qua1 i t y  and 1 and use pub1 icat i  ons 
I 

re1 evant t o  the issues of pesticides, eutrophication and base1 ine 

information in the South Nation River basin. 



on the  water q u a l i t y  o f  Ontar io 's  lakes and r i ve r s .  Sampling s ta t ions i n  the 

PWQMN have been selected t o  measure water q u a l i t y  a t  s t r a teg i c  geographic 

loca t ions  and t o  monitor the e f f ec t s  o f  po in t  source waste water discharges and 

t he  e f f e c t s  o f  nonpoint source land uses. 

' : 

An extensive water q u a l i t y  data base has been assembled through the PWQMN. To 

date however, the re  have been few attempts t o  analyze t h i s  informat ion on a 

watershed o r  basin 1 eve1 , o r  t o  i r ivest igate  re1 at ionships between water qual i t y  

and 1 and use. 

The In land Waters Di rec tora te  o f  the  federal  Department o f  Environment (DOE), 

through the  Canada-Ontario water qual i ty  agreement i s  in terested i n  establ i shing 

a nat iona l  network o f  water q u a l i t y  moni tor ing s ta t ions  t o  meet the data needs 

o f  both federal  and p rov inc ia l  governments i n  several Ontar io r i v e r  basins. The 

purpose o f  t h i s  network i s  t o  develop and maintain a coordinated, comparable, 

nationwide inventory  o f  water qual i t y  information, which w i l l  enabl e the In1 and 

Waters Di rec tora te  ( IWD)  t o  e f f e c t i v e l y  address and respond t o  important nat ional  

water qual i ty  issues. 

As a f i r s t  step i n  t h i s  process, an evaluat ion o f  cur rent  water q u a l i t y  

in format ion being co l lec ted  through the PWQMN (egg= sampl i n g  locat ions,  frequency 

o f  sampl ing, parameters being sampl ed) i s  required. This data i s  being examined 

i n  terms o f  i t s  adequacy f o r  addressing nat iona l  water qual i t y  issues i n  each 

r i v e r  basin. Fol lowing t h i s  assessment, I W D  w i l l  be b e t t e r  able t o  evaluate the 

ef fect iveness o f  t he  e x i s t i n g  sampl i n g  regime re1  a t i  ve t o  federal informat ion 

requirements. Based on t h i s  eval uation, a1 t e rna t i ve  sampl i n g  s t r a teg i  es can be 



b .  - 
1.0 INTRODUCTION 

A ser ies  o f  studies of nonpoint source p o l l u t i o n  t o  t he  Great lakes Basin, - 
undertaken as p a r t  of the  Po l l u t i on  from Land Use A c t i v i t i e s  Reference Group 

(PLUARG) dur ing t he  19701s, served t o  document and high1 i g h t  the  re1 at ionship 

between land use a c t i v i t i e s ,  and surface water q u a l i t y  (IJC 1980). 

The PLUARG studies found t h a t  the  Great Lakes were being pol l uted from 1 and use 

a c t i v i t i e s  by phosphorous, sediments, i n d u s t r i a l  compounds, pest ic ides,  and 

ce r ta i n  heavy metals. Within the  Great Lakes Basin, in tens ive  ag r i cu l t u ra l  

operations were i d e n t i f i e d  as the  major nonpoint source o f  phosphorous; erosion 

from crop production on f i ne  textured s o i l s  and from urbaniz ing a , I  areas were 

i d e n t i f i e d  as primary sources of sediment; and urban runo f f  and atmospheric 

deposi t ion were found t o  be the  main sources o f  t o x i c  substances. 

The most important 1 and re1 ated factors a f fec t ing  nonpoint 1 oadings i n c l  uded s o i l  

type, land  use in tens i t y ,  and mater ia ls usage. For example in tens ive  row cropping 

(corn, soybeans) on f i n e  textured s o i l s  ($11 t s  and clays) contr ibuted I , t he  highest 

amounts o f  phosphorous. i 

, '.. i " 
I ,  

I 
I ..- Since 1964, t he  Ontar io Water Resources Commi ssion, and, more recen t l y  the 
I 

M i n i s t r y  o f  the  Environment (MOE) , have operated a Prov inc ia l  Water Qua1 i t y  
I 

I i Monitor ing Network (PWQMN). This network was establ ished t o  provide informat ion 





using individual values, rather than using annual or seasonal mean values because 

i t  was f e l t  that the data could be better compared with the land use information 

on a sub-basin level. 

TO ass is t  i n  sub-basin comparisons and evaluation of trends i n  surface water 

quality, a general summary of the information was prepared (using median 

concentration val ues) and results presented i n  Tab1 e 5.1. 

5.1 Total Phosphorous 

Concentrations of total phosphorous i n  each of the sub-basins are shown on Figure 

5.1. Median phosphorous concentrations for each of the sub-basins during the 

study period are presented i n  Figure 5.2. A1 though observations are sporadic for 

the upper sub-basin (Chestervill e),  the 1 ess intensive agricultural nature of 

the sub-basin (47% row crops, 28% forested and 12% idle land) is reflected i n  

the 1 owest concentrations of phosphorous (0.04-0.2 mg/l ) . The highest 

concentrations of total P occur i n  the Scotch sub-basin (0.1-1.0 mg/l) and 

ref lec t  three factors: 1) the sub-basin has the highest intensity of row crops 

of a l l  sub-basins (65%); 2)  a significant portion of the west branch of the 

Scotch River is susceptible t o  bank instablity; and 3) a significant portion of 

the sub-basin has been t i l e  drained or ditched (83% of the basin has fine- 

textured silt and clay soils) .  

The Castor sub-basin also exhibits relatively high concentrations of phosphorous, 

agai n ref1 ecting the high percentage of fine-textured soil s ,  intensive 

agriculture, and significant reaches of the River which are susceptible to  -- 

24 



Figure 5.1. Total Phosphorous concentrations 
major sub-basins of the  South Nat 



Median Total Phosphorous Concentrations 
for Major Sub-Basins in SNRCA 

Lower . Castor Scotch 

Total Phosphorour 

Figure 5.2. Medl an concentrations for Total Phosphorous in each 
of  the four major sub-basins of the South Nation 
River. 



erosion ( i ns tab i l  i t y )  and flooding. With the exception of one observation, (which 

may represent anal y t i  cal er ror  or  a major storm event response), phosphorous 

concentrations a t  Plantagenet i n  the Lower sub-basin are less var iable and do 

not  exh ib i t  the wide f luctuat ions associated w i th  the other sub-basins. More 

stable stream f low i n  the Lower basin l i k e l y  contributes t o  t h i s  condition. 

Trend analysis (Figure 5.3) suggests tha t  Total Phosphorous concentrations have 

increased i n  a l l  but the downstream basin of the South Nation River watershed 

throughout the  1980' s . Expected improvements i n  phosphorous concentrations 

resu l t i ng  from various water management programs i n i  t i a t e d  i n  the basin f o l l  owing 

intensive studies during the ear ly  1980's (SNRCA 1983) have not  been observed 

except a t  the Plantagenet station. Here, a decline o f  about 35% i n  t o t a l  

phosphorous concentration (from 16 t o  11 mg/l ) values i s  observed i n  the Lower 

sub-basin, The reason f o r  t h i s  change i n  the Lower sub-basin i s  not c lear but 

may be re la ted  i n  pa r t  t o  higher f low conditions associated w i th  t h i s  par t  o f  

the watershed, o r  be t te r  po in t  source control i n  t h i s  p a r t  o f  the watershed. 

Phosphorous concentrations consi s ten t l  y exceed the canadi an water qua1 i t y  

guidelines of 0.030 mg/l i n  a l l  sub-basins for which data i s  available. 

Guide1 ines are exceeded 99% o f  the t ime i n  the Lower sub-basin, 98.5% o f  1:he time 

i n  the Scotch sub-basin and 86.7% of the time i n  the  Castor sub-basin. 

Approximately 95% o f  phosphorous 1 osses i n  the basin o r ig ina te  w i th  non-point 

(i .e. agr i  cul t u ra l  ) sources (MacLaren P l  ansearch 1982). The remaining 1 orses are 

a t t r i bu ted  t o  po in t  source discharges such as the 2 i ndus t r ia l  and 6 mi~nicipal  

lagoon discharge sources, 
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Figure 5.3. Trends I n  Total Phosphorous concentrations i n  each 
of the four major sub-basins o f  the  South Nation 
River . 



Total Phosphorous VS Turbidity 
for Major Sub-Basins in SNRCA 
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Figure 5.4. Relationship between Total Phosphorous and Turbidity 
in each of the four major sub-basins of the South 
Nation River. 



The importance of erosion control i s  high1 ighted i n  Figure 5.4 which shows the 

re1 ationship between phosphorous concentrations and turbidity i n each of the sub- 

basins. The anal ysi s suggests that unti 1 erosion control measures, parti cul arl y 

those affecting open drains and streambank instabil i ty  are effectively 

instituted, improvements in phosphorous concentrations cannot be expected. 

5.2 Total Nitrogen 

Total nitrogen (Kjel dahl ) concentrations for each of the four sub-basi ns are 

shown in F igu~e  5.5. Observations are sporadic, except i n  the Lower sub-basin 

a t  Plantagenet where sampl ing has been consistent on a monthly basis since 1984. 

Figure 5.6 presents median TKN concentrations over the study period for each of 

the sub-basins. Concentrations range from 0.7 mg/l in the Castor sub-basin to 

1.05 mg/l i n  the Scotch sub-basin. All TKN values are less than the drinking 

water qua1 i t y  guideline of 10 mg/l. Figure 5.5 suggests that total nitrogen 

concentration in the Lower sub-basin have increased over the study period. The 

reason for th is  is not clear, however i t  i s  consistent with data reported 
1 

el sewhere. Possibl e causal factors waul d incl ude increased use of nitrogen based 

f e r t i l  izers and increased drainage act ivi ty in the basin. 

5.3 NH3-H (Total Ammonia) 

Ammonia sources i n  the basin are associated primarily with low 1 eve1 appl ications 

of fe r t i l i ze rs  used i n  the production of row crops such as corn and from 



Figure 5.5. Total Kjel  dahl Nitrogen (TKN) concentrations i n  each 
o f  the four major sub-basins o f  the South Nation 
River . 



Median TKN Concentrations 
for Major Sub-Basins in SNRCA 
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f igure 5.6. Median concentrations of  TKN i n  each o f  the four major 
sub-basins of the South Nation River. 



1 ivestock a c t i v i t i e s .  such as manure appl i ca t i on  and c a t t l  e access t o  stream 

courses. Ammonia concentrations f o r  each o f  the sub-basins i s shown i n  Figure 

5.7. Observations from the Upper sub-basin and the  Castor sub-basin are 1 imited 
'a 

and 1 ittl e fur ther  comment i s  possible. Median concentrations of ammonia f o r  each 
- 

. . -. of the sub-basins over the study period are shown i n  Figure 5.8. I n  the Scotch 

River sub-basin concentrations range from 0.99 mg/l t o  0.002 mg/l witlh large 

seasonal f luxes c lea r l y  evident. Median concentration i n  the sub-basin i s  0.04 

mg/l . Concentrations i n  the Lower sub-basin range from 1.45 mg/l t o  0.002 mg/l 

w i th  a median concentration o f  0.07 mg/l (Table 5.1). Water qua1 i t y  guide1 ines 

for  aquatic l i f e  are consistent ly met i n  both sub-basins. 

5.4 Turbidity 

Turb id i ty  concentrations f o r  each o f  the sub-basins i s  shown i n  Figure 5.9. 

Median concentrations for each o f  the sub-basins over the study perf od are shown 

I n  Figure 5.10. Highest concentrations are associated w i th  the Scotch River sub- 

basin, a basin dominated by f ine-textured s o i l  s, row cropping and 1 and drainage. 

The median t u r b i d i t y  value f o r  t h i s  sub-basin (52.0 FTU) i s  over twice tha t  o f  

the Lower sub-basin (21.5 FTU). 

Figure 5.11 shows an increasing trend i n  t u r b i d i t y  i n  a l l  o f  the sub-basins 

throughout the 1980's re f1  ect ing i n  par t i cu la r  the increase i n  I and drainage. 

a .  
The Scotch sub-basin shows the greatest re1 a t i v e  increase and i s  current ly  the 

la rges t  (o f  those sub-basins studied) sediment-contri but ing sub-basin i n  the 

-. South Nation River Basin. Turb id i ty  i s  lowest i n  the Upper sub-basin, where f ine-  



~ ~ ~ - -  

WlDWUI n 0 4 I L I I I I I R . m  

nn m-Im 

m ~ ~ r m m m ~ ~  UM 

IR 
II 

wlllslm- H l n a m a m  

U R ( R A L ) m  
m-m 

UM YW 
YW m e m  lYIM 

R 
R 

Figure 5.7. NH3-N concentrations i n  each o f  the four major 
sub-basins of the South Nation River. 
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Figure 5.8. Median concentrations of NH3-N i n  each o f  the four 
major sub-basins o f  the South Nation River. 



Figure 5.9. Turbidity concentrations in each of the four major 
sub-basins of the South Nation River. 
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Figure 5.10. Median Turbid i ty  concentrations i n  each o f  the four 
major sub-basins of the  South Nation River. 
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Figure 5.11. Trends i n  Turb id i ty  concentrations i n  each o f  the  
four major sub-basins o f  the South Nation River. 
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Figure 5.12. Total Phosphorous vs Turbid i ty  fn the  Lower sub-basin 
o f  the  South Nation River: a regession model. 



Figure 5.13. Turbid i ty  vs Streamflow i n  the Lower sub-basin o f  the 
South Nation River: a regression model. 



textured soils ,  land drainage and row cropping are not as dominant. 

Sta t is t ica l ly  derived relationships between turbidity and various other water 

qua1 i t y  parameters have been establ ished i n  studies such as those carried out 

by PLUARG w i t h  varying degrees of success. Simil ar re1 at:onships were er;pl ored -. 
during th i s  study also w i t h  limited success. 

The genera1 re1 ationship between turbidity and phosphorous has been dl scussed 

in  section 4.1 and was explored further using regression analysis for  the Lower 

sub-basin (Figure 5.12.). The close relationship (R= 0.71887) between the two 

variables is again i ndicated. Figure 5.13 shows the re1 ationship between 

turbidity and streamflow (R= 0.79705) for the Lower sub-basin. 

5.5 Dissolved Oxygen 

Dissolved oxygen concentrations for the four sub-basins are shown in Figure 5.14. 

Median concentration values for each of the sub-basins are shown in Table 5.1 

and graphed i n  Figure 5.15 for  ease of comparison. Observations for the Upper 

Sub-basin have been sporadic thereby making i t  d i f f i cu l t  t o  observe trends. In 

general, concentrations range between 3.0 mg/1 and 16.0 mg/l throughout the 

basin, w i t h  mean values of 9.1 mg/l in the Scotch sub-basin, 9.5 mg/'l i n  the 

Castor sub-basin, and 11.2 mg/1 i n  the Lower sub-basin. 

Figure 5.16 shows dissolved oxygen trends in each of the sub-basins. The analysis 

suggests t h a t  improvements in dissolved oxygen over the study period have 
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Figure 5.14. Dissolved Oxygen concentrations in each of the four 
major sub-basins of the South Nation River. 



Median Dissolved Oxygen Concentrations 
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Figure 5.15. Median concentrations of Dissolved Oxygen in each of 
the four major sub-basins of the South Nation River. 
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FIgure 5.16. Trends I n  Dissolved Oxygen i n  each o f  the four major 
sub-basins o f  the South Nation River. 



. -- Figure 5.17.  Conductivity in each of the four major sub-basins of 
the South Nation River. 



occurred i n  the Upper and Lower sub-basins, while deteriorating conditions are 

observed i n  the Castor and Scotch sub-basins. These la t ter  trends in dissolved 

oxygen conditions are not entirely unexpected as both sub-basins are intensively 

row cropped, subject to  considerable erosion, and have experienced significant 

increases i n  land drainage over the study period. 

In general , d i  ssol ved oxygen concentrations sat1 sfy the water qua1 i t y  gui del ines 

for aquatic l i f e  (6.5 mg/l) i n  each of the sub-basins. 

Conductivity concentrations for the four sub-basins are shown in Figure 5.17. 

Median concentrations for each of the sub-basins over the study period are shown 

i n  Table 5.1. Highest median concentrations are observed i n  the Castor sub-basin 

(579.5 mg/l), and lowest concentrations i n  the Upper sub-basin (481 mg/l), 

ref1 ecting the dominance of f ine-textured soils and slope instabil i ty associated 

w i t h  the Castor sub-basin. 

5.7 Alkalinity 

Alkalinity concentrations for the four sub-basins are shown i n  Figure 5.18. 

Median concentrations for each of the sub-basfns i s  presented i n  Table 5.1. 

Sporadic observations only have been made for the Upper sub-basin. In general, 



Figure 5.18. A1 kal i n i t y  concentrations i n  each of  the four major 
sub-basins of the South Nation River. 



the various sub-basins are well buffered, w i t h  alkalinity concentrations ranging 

from a median of 214.35 mg/l i n  the Castor sub-basin t o  171.8 mg/l i n  the Lower 

sub-basin. Concentrations have been re1 ativel y stab1 e over the study period. 

5.8 Chloride 

Ch10ri de concentrations for the four sub-basins are shown in Figure 5.19. Median 

concentrations are shown in Table 5.1 and Flgure 5.20. From Figure 5.19 i t  can 

be seen that  few observations are available for the Upper or Castor sub-basins 

hence interpretation i s  1 imited. In general , median concentrations increase 

downstream in the basin with concentrations i n  the Lower sub-basin of 32.1 mg/l . 
Concentrations i n  a l l  sub-basins are w i t h i n  the guide1 ines for Canadian drinking 

water qua1 i t y  of 250 mg/l . 

5.9 Trace Metals (Lead, Copper, Mercury, Aluriniur) 

Lead and copper concentrations ( totals)  for each of the sub-basins are shown i n  

Figures 5.21 and 5.22. Mean concentrations are shown i n  Tab1 e 5.1. Data for other 

trace metals such as mercury and a1 uminium are available only for the Lower sub- 

- basin. Trends for a l l  four trace metals i n  the Lower sub-basin are shown in 

Figure 5.23. In general, trace metal data has been interpreted cautiously given 

the uncertainty associated w i t h  analytical resul ts. Changing analytical 

techniques, detection 1 eve1 s and ease of sampl e contamination combine t o  create 

th i s  uncertainty. - 



Figure 5.19. Chloride concentrations i n  each of the four major 
sub-basins of the South Nation River. 
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Figure 5.20. Median concentrations of Chloride i n  each of the four 
major sub-basins of the South Nation River. 



Lead concentrations are 1 ow throughout the basin, typically a t  the detection 

level. Occasional spikes are observed and were discussed w i t h  s taff  of the SNRCA 

(Preston Pers. Com.), bu t  no particular reason re1 ating t o  1 and use, municipal 

or industrial lagoon discharge could be identified. Sample contamination i s  a 

highly 1 i kely cause of the extreme values. The Scotch sub-basin shows the highest 

tendancy for lead concentrations although levels, as In a l l  other sub-baslins have 

been relatively stab1 e over the study period and w i t h i n  the Canadian guidel ines 

for drinking water of 0.05 mg/l , 

Copper concentrations are similar t o  those for 1 ead, w i t h  1 eve1 s i n  the Scotch 

sub-basin typically exhibiting most significant f l  uxes. Concentrations of copper 

i n  the Scotch sub-basin range from 0.027 mg/l t o  0,001 mg/l . Sampl ing frequency 

has declined since 1986 and may account for the more apparently stable trend 

since that  time. Changes i n  analytical techniques may also be responsible for 

th is  trend (see paragraph below). 

I n  the Lower sub-basin, copper concentrations were i n  signi ficantl y greater f l  ux 

prior t o  1985 than since. Reasons for th is  trend are not immediately apparent, 

a1 though MOE anal yt i  cal techni ques changed around t h i  s time and may account for 

the trend (Logan Pers. Corn;). SNRCA staff (Preston Pers. Corn.) could not suggest 

other land activi ty reasons for the trend. Regardless, i t  should be noted that 

concentrations are w i t h i n  the Canadian drinking water guidel ines of 1.0 mg/l or 

the guideline of 0.04 mg/l for aquatic l i fe .  

Aluminium has been measured consistently i n  the Lower sub-basin since 1984, and 



Figure 5.21. Lead concentrations i n  each o f  the four major 
sub-basins o f  the South Nation River. 



Figure 5.22. Copper concentrations i n  each of the four major 
sub-basins of the South Nation River. 
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Figure 5.23. Trends in trace metals in the Lower sub-basin of the 

South Nation River. 



Figure 5.24. A1 umini urn concentrations in the Lower sub-basin 
re1 ative to Canadian drinking water qua1 i ty 
gui deli nes . 
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concentrations range from 5.9 mg/l to 0.009 mg/l with a median concentration of 

1.2 mg/l. Figure 5.23 shows the trend (increasing) in a1 uminium concentrations 

over the study period, while Figure 5.24 shows i ts concentration relative to the 
. - 

Canadian guideline for aquatic life of 0.1 mg/l. In almost all cases, the 

guide1 ine is exceeded. Land use activity which might be contributing to these .*+ 

levels I s  not immediately apparent. Lack of monitoring for a1 uminium in other 

sub-basins makes it difficult to identify potential area sources, however flux 

levels for lead and copper in the Scotch sub-basin suggest that this sub-basin 

be investigated further. 

6.0 SUMMARY AND RECOMMENDATIONS 

The South Nation River Basin is one of eastern Ontario's largest rivers with a I 
drainage basin of approximately 3900 km2. Within the basin, clay and clay loam 

textured soils dominate a typically flat, low laying physiographic plain. The 

South Nation River and its tributaries are characterized by low gradients and 

Insufficient channel size to accomodate peak flows during spring and summer 

periods. As a result, water management issues revolve around spring and summer 

floods, availability of good drinking water, low summer flows which constrain 

waste assimilation and recreational opportunities, and the need for 1 and drainage I 
to Improve agricultural 1 and capabil i ty. I 

Land use in the basin is predominantly agriculture with approximately 60% of the 



I 

corn) devoted t o  supporting t M s  activity. The Lower Or northern 

of 

watershed 1s the mt intensively cropped and nost heavfl y drafned area. 

Water quality i n  the basin reflects i t s  agricultural nature, and i s  generally 

described as being of poor quality (SNRCA 1983). On the basis of this analysis 

water qual i t y  issues such as high phosphorous and t u r b i d 4  t y  1 eve1 s remain sf mil ar 

t o  those identified earlier i n  the decade by the SNRCA (1983). Phosphorous 

concentrations consistently exceed the 0.030 mgll guldel ine and resul t primarily 

from non-point sources such as eroded stream bank material, 1 ivestock activi ties, 

and land drainage. The majority of phosphorous loss occurs during the spring 

period, and i s  highest i n  the northern part of the basin where streams are most 
susceptf bl  e to  erosion, 1 l vestock densities are highest, and drainage for row 

cropping activities i s  most intensive. Dissolved oxygen i s  also of concern 
particularly during periods of low flow. Although al~minlum I n  t h e  Lower sub- 

basin consistently exceeds the guide1 ines for aquatic 1 i f e  most of the a1 uminium 

i s  associated w l t h  clay and s i l t  coll oids and biological 1 y unavail abl e. Specific 

mechanisms resul ting i n  increased a1 mini urn and mercury concentrat ions have not 

been Identified b u t  appear to  be associated w i t h  the Scotch sub-basin. 

Trends for most parameters examined during the study lndlcate that water qual 1 t y  

i n  the basln i s  not improving. The Scotch sub-basin i n  particular shows 

increasing probl ems re1 a t i  ng t o  phosphorous and turbidity. Increasl ng 

concentrations of mercury and aluminium i n  the Lower sub-basin i s  a1 so evident 

and shoul d continue to  be monitored. 



rfgorous "al~sef Observatfons may be unin tent ional ly  reasanal ,y 
Or event 'lased and 

i n  .isleading trends or estimates of annual water 

concentrations for various parameters therefore .- 

eschewed In thfs study in  favor of using the entire water qua1 ity database over 

the nine year study period favoring the as~~mption that errors of omission and 

emission Over the longer time period would tend to  balance the sampling 

stencies and provide some indication of overall trends i n  water qua1 ity. 

Relating water qua1 i ty  to  land use activities requires that a common spatial or 

geographic framework be used. The drainage basin provide such a framework. 

Unfortunately land use information is rarely collected uslng this framework and 

typically needs t o  be converted fro. a county O r  township base. This jnevi tably 

results i n  errors i n  estimating 1 and use activity since t h i s  typically 

assumes that land use f s  evenly distributed Over these ~ o ~ ~ ~ ~ ~ ~ ~ ~ y  defined units* 

The use of Agricultural Land Use Systems is  a significant step forward i n  

amel lorating this problem since 1 and use maps are available and can be used 

mre  effectively allocate the information. Land Use Systems by their nature' are 

also useful over a longer timeframe than annual crop data* 

 or general lofig term water qua1 i ty  monitoring. the location Of 

~ t a t l m s  important and of course dependent On the water quality 

program &jectlves. If, for examp1 e, the objective of a program is to provide 

overall basin and/or sub-basin 1 eve1 i n f o r ~ t i o n s  i t  wOul 
appropriate that 

stations be 1 ocated i n  the lower reaches Of each sub-basin and be 
ed On a 

tegul ar month1 y/seasonal /annual bas1 s . Stat1 ens shoul be designed to 'On' tor 
. 
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specific parameters associated w i t h  known issues of concern w i t h i n  each sub- 

basin as required. Sampl ing techniques need t o  be refined so that  large data sets  

a such as the trace metal data can be used rather than rejected. Sampling frequency 
- 9  

t - and sample collection must be made more consistent i n  order t o  ensure data sets  
1 

A -  can be analysed w i t h  greater confidence than is currently the case. 

A t  the present time not a l l  basins in the watershed are being monitored. Of 

particular concern is the lack of data for the Bear Brook sub-basin. The Bear 

Brook drains a developing area of the watershed, and an area susceptible t o  

significant erosion. This sub-basin should be considered i n  any future monitoring 

station design. 

The integration of a Geographic Information System (GIs) into the analysis of 

water quality/land use analyis would also represent a significant step forward. 

GIS would provide a basis for integrating more effectively on a watershed basis, 

point source as we1 1 as non-point source water qual i t y  and land use data. A 

recent study by OINeill and Hanna (1988) wherein GIs was used t o  examine toxic 

contaminants i n  water i n  Atlantic Canada and re la te  thei r  distribution t o  land 

use and water quality i l lus t ra tes  the potential for this important technology. 
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