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Abstract 

In 1978 wa..t.e.r quality c.on.diti9ns in the Nat_ion.a.|. 

Capital Region were studied to determine the water quality 
of the Ottawa River before sewage treatment measures were 
completed" in neaurbv Quebec m'u.ni.ciDa|i.t_ies. Several param:-‘ 
eters showed spatial variation with significant increases 
across ‘transects as well as significant downstream increases 
in concentration. These increases were caused by tributary 
inputs and municipal and gindustgrial di_sc;ha_rge,s_. Total 
phosphoru_s _ex,c_eeded the recommended surface water 
guideline more than 60% of the time at the downstream 
_transect. Fecal coliform exceeded the reco'm'm‘e'nded 
"guideline for contact recr'eation 90% of the time in the 
studv area. 

Résumé 

En 1978, une étude a été réalisée dans la région de la 
Capitale nationale pour détermilneri la qu'aIité.de VI'ea'u avarit 
l’a<";héverjnent de la mise en place de mesures correctives par’ 
certaines municipalités du Québec. Pour plusieurs para- 
metres, on a observé des‘ différences sig‘nificatives entre 
les $ta‘t_i'ons lé long des lignes d’é_chanti_||_on_nage et une 
a_ugrn'entation significative de la concentration‘ en aval. Les 
augmentations observées sont attribuables aux apports des 
tributaires et aux rejets des municipalités .et des industries. 
Aux stations d’échantil|onnaige d’a'va|, la concentration de 
phosphore total dépassait la limite recovmmandée pour les 
e'a'ux‘ de su'rfa'ce, plus de 60 % du temps, et dans |'ensemb'|e 
de la zone d_’-étude, la teneur en coliformes fécaux était 
supéri_eure a la limite recommandée pour les activités 
récréatives a contact direct avec |'eau 90 % du temps.



Ottawa River Water Quality, National Capital Region, 19781 
J.C. Merriman and R.C. Mccrea 

lN’TRODl>JCT|ON 

In 1978, the Water Quality Branch conducted a water 
quality study of the Ottawa (River in the National Capital 
Region. The purpose of the study was to determine water 
quality conditions in the area prior to the completion of 
the Outaouais collector and sewage treatment system. 
Follow-up surveys are planned once construction is com- 
pleted to determine changes in water quality resulting 

from the remedial measures undertaken. 

The Outaouais regional interceptor, collectors and 
sewage treatment system will collect and treat municipal 
sewage between Aylmer and Templeton. The sewage sys- 
tem, due to be completed by 1982, will provide secondary 
treatment with phosphorus removal and will eliminate 
most existing direct discharges of raw sewage into the 
Ottawa River. 

Brewery Creek is fed at its source above the Chaudiére 
Falls by the Ottawa River. It flows through Hull and 
empties into the Ottawa River almost directly opposite 
the Rideau River. During construction of the sewage 
system, a temporary outfall has been in operation along 
Brewery Creek. As upstream sections of the collector 

system a_re completed, more raw sewage will be discharged 
' into Brewery Creek. On completion of the treatment sys- 
tem, all sewage will flow directly to the sewage treatment 
plant in Ternpleton. 

The study area extends from Chaudieret Falls 

downstream to Hiawatha Park at Transect 17.7 (Fig. 1). It 

is the most seriously impacted part of the Ottawa River in 
the National Capital Region with municipal and industrial _ 

inputs, includling threepulp and paper mills (Environment 
Canada 1976, 1976a, 1977). 

METHODOLOGY 

Sampling 

Four transects on the Ottawa River consisting of four 
stations each were selected for the study. Stations were 
also located on Brewery Creek (BC), the Rideau River (RR) 
and the G_atineau River (GR) to monitor the major tribu- 

taries in the study area. Nineteen surveys were carried out 
between May a_nd October 1978. 

All samples were collected at a depth of one metre. 
Temperature was recorded on site, while pH and tu_rbid_ity 
were measured at a field laboratory. Sample preparation, 
including aliquoting, filtering a_nd ‘preserving was done in 
the field. Samples were transported back to the Water 
Quality Branch laboratory in Burlington for analyses of 
major ions, nutrients and trace metals (Environment 
Canada 1979). Fecal coliform, fecal streptococcus, bio- 

chemical oxygen demand (BOD5) and chemical oxygen 
demand (COD) samples were analyzedvby the Environ- 

mental, Protection Service laboratory in Ottawa (Environ- 
ment Canada 1978). A summary of sample containers, 
preservatives and analytical detect_ion limits is given in 

Table 1. 

Statistical Treatment of Data 

Arithmetic means were calc_ulated for each station’ 

for all parameters with the exception of fecal coliform and 
fecal streptococcus, where geometric means were calculated. 

Analysis of variance and individual station contrasts 
were carried out for selected parameters using a Tektronix 
4051 mini-computer (Table 1). For data analyses, the 
Ottawa River and tributary stations were 'd_ivid,ed into 
subsets (Fig. 2). Subsets 1 and‘2 were used to evaluate 
spatial differences between and within transects 3.6 and 
5.4 as well ‘as differences between the tributaries and the 
Ottawa River. Spat_ia_| differences at’ the downstream 
transects 14.9 and 17.7 were assessed in Subset For each 
subset, a one-way analysis of variance was carried out and 
Bartlett's test for homogeneous variance was calculated 
(Steel and Torrie 1960). Bonferroni tests were used to 
determine levels of significance for thestation‘ contrasts 
(Douglas 1979). 

nesuus AND Discussion 

Physical Parameters 

There was little mainstream variation. of pH with 
mean values ranging from 6.9 to 7.1 for the Ottawa River
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Figure 1. Ottawa River sampling sites. BC = Brewery Creek, RR = Rideau Rivet, GR = Gatineau River. 

stations. Both Brewery Creek with’ a pH of 7.4 and the 
Rideau River‘ with a pH of 7.9 had levels higher than that 

' of -the Ottawa River (Table 2)—. 

Specific conductance in the Ottawa River was higher 
at nearshore stations than in midstream. Tributaries were 
quite‘ different» with the Rsideau River having a mean con- 
ductance over four times that of the Ottawa River. Brewery 
Creek specific conducta'nc'e was 65% higher, while the 
Gat_in_ea_i_u River was over 40% lower than the Ottawa River 
(Fig. 3). - 

Nearshore stations along the Quebec shore were 
influenced by municipal and industrial inputs, resulting 
in higher specific conductance at these sites. Higher ‘con- 
ductivity found along the Ontario shore at 5.4D resulted 
from the Rideau Fiii/er" outflow, while the higher values at 
14.9D and 1.7.-7D were cau_sed by the Green Creek sewage 
treatment plant effluent upstream from transect 14.9 and 

the outflow of Green Creek into the Ottawa River‘ between 
transects 14.9 and 17.7. 

Turbidity in the Ottawa River was higher along 
both syhore|_i_nes in comparison_ to midstream stations and 
increased in a downstream direction. Levels wer_e.higher 
along the Quebec shore due to untreated municipal inputs. 
A downstream increase of over 70% occurred between 
5.4A and 14,9A,- ‘primarily the resu_|t_ of the Canadian 
International Paper Company (C-IP) pulp and paper mills 
discharge, which is located upstream of transect 14.9 on‘ 
the Quebec shore. Devvhstréarn i_ncr_e_ases from 6.5 JTU to 
8.8 JTU between 14.9D and 17.7D were attributed "to the 
input_ of Green Creek. Both Gatineau River and Rideau 
River —turbid_ity were similar» to |eve_|_s found at the two 
upstream Ottawa River transects. Brewery Creek turbidity 
was twice as high as the Ottawa River because of direct 
municipal and industrial discharges.
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Major Ions 

Major ion concentrations in Brewery Creek and the 
Rideau River were sig'nlf'ica’htIy higher‘? thah the Ottawa - 

River. whereas concentraticns in the Gatineau Ri.ve.r were 
significantly lower than the Ottawa River. The elevated 
levels of major ions in Brewery Creek, especially sodium 
and chloride, reflected the input of raw municipal wastes 
(Table 3). 

A Major ion concentrations found. in the R_ideau and 
Gatineau Rivers can be explai_n_ed by the geochemistry of 
their drainage basins. The Rideau River flows through 
sedimentary limestones and _dolo'mites of the St. Lawrence 
"Lowlands, resulting in high rfijajor‘ ion concent_rations, ‘The 
Gatineau River flows through relativyely insoluble. granites 
and gneisses of the Canadian Shield, resulting in low 
concentrations of major ions (Bird 1972). 

Significantly higher concentrations of sodium and 
chloride were. found at station 3.6A than at 3.63. This was 
attributed to the municipal discharge upstrearn 'fr6'rn the 
transect (linvijronrnengtv Ca_nada 1977). 

‘All levels of sign_ifjc_anc_e are at the 95% c_onf_ide,nce|eve)|7. 
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Figure 3. Spatial variation of specific conductance.



lVlean ‘downstream concentration increases in major 
_ion_s vyere found between stations 350 and 5.4D as well as 
lateral increases between stajcionss 5._4.C and 5.4D (Table 3). 
Chloride and magnesium showed sign_ifica_nt_ downstream 
inéfeoses, While magnesium was significantly "higher at 
5.4D in comparigson to"5.4C. High major ion concentrations 
in the Rideau River caused th_e_ ijncreeses found at station 
5.40." A 

'

V 

Major ion concentrations at transects 14.9 and 17.7 
were higher at _n_ea_rs_hor'e stjatjons. Sulphate, chloride-and 
soidium were significantly high_e_r along the Quebec shore 
attransect 14.9. Transect 17.7 also showed higher _con-. 

oe'ntr‘ations at both‘ ne'arshore‘stations compared with mid- 
strlearn values, Chvloride ‘w‘asv§ig’nifica'ntly higher ‘at the D 
station, whereas s,u|ph,ateAan_d' sodium proved to"be--‘sig'nifi- 
cantly higher ‘at the A station. Higher congcentrations 
on the Quebec side resulted from municipal and indus-. 

trial discharges.‘ Along the Ontario shore, Green Creek 
Sewage Treatmeont» P_la_nt- and Green Creek were the major 
contributing factors to higher major ion~conce_ntrat_ions.

~
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Nutrients 

Nutrient concentrations in ‘the study area were 
spatially \__IaAri,ableo. The effect of the 'rn‘uhi'cipal point source 
‘discharge above transect 3.6 was shown in the higher - 

nutrient. concentrations found at 3.6A in relation to its 

neigh_b_ouring .st_ation 3.6B (Table 4). Total phosphorus 
was found to be sigAni_f__ic_a_.n__t|y higher ats‘t‘ation 3.6A. 

(Both particulate nitrogen and particulate organic 
carbon conjcentrationos were higher at station A in transect 
3.6. At transect 5.4 the ,c_0n.c_entrat_ions for-these parameters 
were higher at station B, suggesting that p_oint source 
effluents and the outflow of Brewery Creek do notichannel 
along the shoreline but move out towards the middle of the 
river, probably because of the confluence of the Gatijnbeau 
River" (Fig. 4). 

' ' ' 

Untreated m_u_nic_i'pjal wastes discharged into ‘Breweiry 
Creek resulted in high nutrient concentrations at its out—' 
flow. Total phosphorus concentrations approached fo_ur 
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Figure 4. Spatial’ variation of pn'rticulaI:e_orgenic'cg.r_bot_1.
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times those. of the Ottawa River; ammonia and particulate 
nitrogen were twice as high as the Ottawa River and partic- 
ulate organic carbon concentrations were over three times 
higher than those of the Ottawa River (Table 4). 

Nu,trie_nt- conceritrations in the Rideau River ranged 
from 25%, to 150% higher than those_in the Ottawa River 
except for nitrate »+ nitrite, which was over 300% lower, 
and ammonia, which was almost 150% lower than the 
Ottawa River (Table 4). These lower concentrations may 
be the result of biological uptake, since particulate nitrogen 
and particulate organic carbon are approximately twice as 
high .as levels found atstation ’3.6D. Gatineau River mean 
nutrient. concentrations were lower than those found in 

the Ottawa River with the exception of reactive silica. 

Higher silica levels in the Gatineau result from the pre- 
dominantly silicate rocks found in its drainage basin. 
Dissolved organic carbon and total phosphorus concentra- 
tions were s_ign_ifi_c_antly lower in the Gatineau River than 
those found at station 5.4A. . 

BREWERY 
CREEK 

GATINEAUM
' 

RlV_E_R

B 

RIDEAU 
RIVER 

TRANSECT 
3.6 

TRANSECT 

Transects 14.9 and 17.7 were characterized by higher
_ 

nutrient concentrations at nearshore'statio’ns and‘increasinjg 
concentrations in a dow'nstream direction (Table .4). Total 
phosphorus increased s.i9nificantlv dow.ns.t.re.a.m between 
stations 14.9A and 17.7A as well as being s_ignif_icantly 

higher at both 14.9A and 17.7A incomparison with 14.9B 
and 17.7B (Fig. 5). Dissolved organic carbon was signifi- 
cantly higher at both nearshore stations on the Quebec 
side, probably owing to the CIP discharge. 

Nitrate + nitrite and ammonia concentrations at the 
downstream stations along the Ou_ebec shoreline are lower 
than those found at transects 3.6 and 5.4. Ammonia con- 
centrations at the A stations in the upstream transects were 
twice as high as those found at the downs't're'ar'n transect A 
stations; as well, nit_ra_te + nitrite concentrations were. 
higher at the upstream transects (Fig. 6). This downstream 
decrease could be the result of biological uptake‘ of inorganic » 

nitrogen, which is indicated by a decrease in nitrate-+ nitrite 
and ammonia with a simultaneous increase in particulate

~

~ 
TRANSECT 

17.7 

TRANSECT 
14.9 

Figure 5.’ Spatial variation of total phosphorus.



nitrogen. In addition, the inflow of the Gatineau River has 
lower concentrations of both nitrate + nitrite and ammonia. 

Nutrient concentrations were generally found to be 
higher at the nearshore stations on the Ontario side of t_he 
river. Ammonia concentrations at the two downstream D 

— stations were over‘ 75% higher than those found at transect 
5.4. 
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Figure 6. Mean nutrient concentration changes at “A” stations. 

Both the Green Creek sewage treatment plant effluent 
located above _t_ra_n_sect 14.;9‘and the inflow of Green Creek 
between the ‘two transects account for the downstream 
increases in nutrient concentrations (_Table 4). Along with 
the higher nutrient conce’n'tra't(io'ns found on the Quebec 
side -with the exceptions of ni_t_ra_te -I-’nitrite and anirnonia, 
the effects of municipal sewagetreatment with phsosphyorus 
removal can be seen in the lower phosphorus and partic- 
ulate n'utrien_t concentrations found along) the Ontario side. 
It should be noted that the CIP m_ill efflue_nt__ is a (major 
source ‘of particulate matter and is also the probable cause 
of higher dis‘so|ve'd organic carbon concentrations along the 
Quebec shoreline’ at the downstream transects. The -input 
from the mill is somewhat m,as_k_ed by municipal effl_uents, 
but once the‘ Outaouais sewage treatment system is in 
operation, the effects of the CIP effluent should be more 
noticeable. I v 

The a_mmonia_ obiective established by the Onterio 
Ministry of the Environment for the protection of aquatic 
life (0.02 mg/L un-ionized ammonia) was never exceeded. 
The total phosphorus guideline of 0.030 mg/ L was exceeded 
33% of the time (Table 5). Most of the ex'<ieed'a'nc'es' 

occurred in Brewery Creek, the Rideag Rjivear; aiong the 
Quebec shore and across transect 17.7. Higher total Phos- 
phorus found at transect 17.7 could lead to excessive 
aquatic growth, particularly downstream from the study 
area where the water is impounded. 

Bacteriological Parameters 

Fecal coliform a_nd fecal streptococcus increased in 

concentration across the river from the O,ntari,o.jto Quebec 
shore (Table 6); significantly higher concentrations were 
found at all four A Stations. (Both parameters also increased 
in a down§t'rear_n direction (Fig. 7). Contamination by 
fecal material ~a_l_ong the Quebec shore is primarily from 
untreated municipal wastes. Along the Ontarioshore, the 
downstream increases were -attributed to storm sewer- 

. 

discharges and the tributary input of Green Creek.) 

The Rideau River and_ Brewery Creek had higher 
levels of fecal coliform and fecal streptococcus than the 
receiving. waters of the Ottawa River. Fecal coliform and 
fecal streptococcus levels in the Gatineau (River were lower 
than those recorded at station 5.4A with «theeexce'ption‘ 
of fecal streptococcus at the Gatineau River EB station. 

Differences in fecal coliforms and fecal streptococcus 
concentrations were found between the two Gatineau 
River stations with consistently higher 'ccncéntrat'io'n's at 

the B station. This can be attributed to the larger. ‘popula- 
tion located on the west side of the river and the municipa_l 
discharges along that "bank.
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Fecal :coli'form, fecal strepto.co‘ccus' ratios (F-C‘:F-S) 

have been". used as .a' general indicator-‘ta determine whether 
the itéi:fa’l. sourée is. 9f hu.m.a_.n.,9r non.-th.u.man origin. A ratio 
of less than 0.7 suggests a non-human source, while a ratio 
greater irthjan 4 is‘_ considered likely to (be train hurfiafi . 

sources -(Ontario Ministry of" the Environiment 1978). 
A 

,i:c:Fs ratios at ‘Brewery creek, Gatiiiéau River‘ and the A 
arid B ,§t'atibr"i's of the four t‘r‘ah‘s_ectjs indicated that fecal 

_ 

.jiol“|utio'n.see,méd to be predomilnantly from human sources. 
The _rfa_(ti9s..at; _t_|'_ie. C ’,,al_']d, VD stations of transects '14.9 and 
17.7 a_l_sov;su_ggest' the likelihood of human sources (Table 6). 

Annual geofin"etjri'(; means exceeded the recommended 
guidetlviine of‘ 100/d..|:-: fecal c_o_lifQi':m for contact recreation at 
all stations (Ontario Ministry of the Environrnent T978). 
Geometric mean counts‘ ranged {from a low of 136/td_L-' at 
station 336C to _a high of .V1_6_;8l_39/dL in Brewery Creek 
(Tagble 6)‘-. The g_uidelinle was exceeded almost" 90% of the 
time when individual results were taken into consideration 
(Table 5l. 

o‘x‘y'ger‘r Demand Parajmyeters 

Both biochemical oxygen demand (BOD5) and 
chemical oxygen demand (COD) were analyzed‘ as indica- 
tors of organic? pollution. BOD; exhibited little variation 
in the Ottawa .-lftiver with the exception of’ stations 1_4.‘9A 
and ‘_l7V.7A where measurements were significantly higher 
(Table 6). Rideau River and Brewery Creek had higher 
BOD5 than ‘the Ottawa River, while the Gatineau River’ 
exhibited lower levels. The higher" read'ing's’ i‘ndic__ate areas 
receiving organic‘: 'inp_uts, 

COD was-tsignificantly higher at station 14.9A owing 
to the C|P:m'i'|l effluent. >Downfs'tfire_ar'fn ilncreasies found 
between stations 14.9D and 17.7D were attributed to. 

the outflowsof Green Creek (Table 6). COD was almost 
50% higher at the Gatineau River 3 station in comparison 
to the A station. This further confirme_d the prevalence of 
discharges along the west ‘shore, as bacteriolvogicaflt and 
nutrient parameters were also high at the site.
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Trace Metals 
I 

Unfiltered‘ samples‘ were analyzed for alurninurn, 
copper, iron, manganés'e, me'r‘c'ury and zinc. Annual mean 
concentrations fo'r‘.these parameters are reported in Table _7. 
High" _ana|ytic'al values for field. blanks were obtained for 
co_‘p‘per throughout the year and mercury during one survey. 
Even with the high, copper blanks, concentrations were 
about one-third those reported by Merritt 11975) for 
filtered samples. Mercury results were below the detection 
limit with the exéeption of one sample. 

Some variations in metal concentrations are evident 
between the tributaries and the Ottawa River. Brewery 
Creek" showed c_onsisten_tly higher metal concentrations 
than those found in the Ottawa River (Fig. 8). With the 
exception of higher manganese, Rideau River trace metal 
concentrations are about the same or slightly lower than 
those found" ‘iii the Ottawa R_iv_e_r at station 5.4D. Higher 
levels of iron and manganese characterized the Gatineau 
River; however, aluminum and zinc levels‘ were lower than 
the Ottawa. 

Aluminum and iron we_re higher at the nearshore 
statvions for t_ra_ns_ects 14.9 and 17.7. Downstream increases 
were evident between the two transects for alumin'u’m, iron, 
manganese and zinc1(Fig.. 8). 

V 
The Ontario Mir'iisjt”ry of the Environment (1978) 

tentative guidelihe of .100 mg/L aluminum for the protec- 
tion of aquatic life was exceeded over 90% of the time. 
The objective of .-300 mg/L iron was exceeded almost 
30% of the time (Table 5). Most- exceeda_nces for iron 
occurred in Brewery‘ Creek, the Gatineau River and at 
stat_ion_s 14.9A and" 17.7A. 

SUMMARY 
Water quality in the tributaries was markedly different 

from that féujnd_ in the Ottawa River. This was primarily 
due ‘to geoc_hem_ical differences and the input of rnun_icipal 
a“_n__d iVndustri_a| wastes. Most parameters in Brewery Creek 
and the Rideau River had sign’if'ican,t_|_y higher concentra- 
tions than those of the Ottawa Riverv. The Gatineau River, 
for the most- part, showed significantly lower concent'ration 
than the. Ottawa River. 

Ottawa River ‘water quality was spatially variable with 
signiificant changes in concentrations found across transects 
and significant downstream increases. These changes were 
mostly at nearshore stations and caused by tributary inputs 
and municipal and 'i'ndust_'ria’| effluents. 

Discharges fro_m.E.B. Eddy ‘plants in Ottawa and 
Hull were not as noticeable as the CIP effluent. This was 
attributed to the quantity of discharge, which is about 
20% that of'ClP for BODS and suspended solids (Fe_der'al- 
Provincial Working Group 1978). Also, the _.E.B.‘ Eddy 
plant discharges into thechaudiere Falls where the effluent 
is thoroughly mixed with river water‘. The CIP effluent, on 
the other hand, channels along the Quebec shoreline with 
minimal lateral mixing. 

Total phosphorus from triebutary and municipal 
inputs resulted» in significant downstream increases. The 
proposed guideline of 0.030 mg/L to prevent excessive 
aquatic growth was exceeded less than 10% of the time 
at transect 3.6. The frequency‘ of exceedance increased to 
over 60% at transect. 17.7. 

Bacteri_oIogi_c_al contamination was prevalent through- 
outthe study area. Concentrations along the Quebec shore 
were significantly higher because of direct di_sc_harge_s of 
untreated sewage. The fecal coli_fo_rm guideline of 100/dL 
for contact recreation recommended by the Ministry of 
t_he Environment‘ was exceeded on an average of 90% of the 
time in the study area. 
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Table 1. Summary of Pararneters, Preservation, Sample Conminers and Detection _I_._irn_its 

Detection limit 
Pa_rame_ter Preservation Sample container 

Colour None Polyethylene, 500 ml. 5 re], units 

Conductance, Specific None Polyethylene, 500 mL 0.2 uS7cm 

A_l,ka1_in,ity, Total None Polyethylene, 500 ml. 0.1 mglL 
Calcium None Polyethylene, 500 mL 0.-1 mg/L 
Chloride‘ None Polyethylene, 500 ml. 0.1 mg/L 
Magnesium‘ None Polyethylene, 500 mL 0.1 mg/L 
Potassium None Polyethylene, 500_r_nL 0.1 mg‘/I‘. 

Sodium‘ None Polyethylene, 500 ml. 0.1 mg/"L 

Sulphate‘ None Polyethylene, 500 mL 0.1 mg/L 

Carbon, Dissolved Organic‘ None Glass, 1215 mL 0.1 mg/L 
Carbon, Particulate Organic None Sample collected on filter » 0.001‘ mg/_L 

Nitrogen, Ammonia‘ None Glass, 125 m_L 0.001 mg/I_. 

Nitrogen, Nitrate + Nitrite‘ None Glass, 125 mL 0.001 mg/L 
Nitrogen, Particulate None Sample collected on filter 0.001 mg/L 
Phosphorus, Soluble Re_a'c_tive None Glass, 125 ml. 0.0002 mg/L 
Phosphorus, Total‘ H, S0, (3 0% ), 1 mL Glass, 125 mL 0.0005 mg/L 
Silica, Reactive None Glass, 125 mL '0.2 mg/L 

Fecal Coliform‘ Iced Glass, 500 mL 2/dL 

Fecal Streptococcus‘ Iced Glass, 500 mL 2/dL 

Biochemical Oxygen Demand‘ None Polyethylene, 1 L 0.1 mg/L 
Chemical Oxygen Demand‘ None Polyethylene, 1 L 5 mg/I. 

Aluminum, Extractable HNO, (50%), 2 mL Polyethylene, 500 mi. 0.001 mg/L 
Copper, Total HNO, (50%), 2 mL Polyethylene, 500 mL 0.001 mg/L 
Iron, Total‘ HNO, (50%), 2 mL Polyethylene, 500 ml. 0.001_mg/L 

Manganese, Total‘ 1-1N0, (50%), 2 mL Polyethylene, 500 mL 0.001 mg/L 
Zinc, Total HNO, (50%), 2 mL Polyethylene, 500 mL 0.001 mg/L 

Mercury, Extractable H, S0,, (conc.), 1 mL Polypropylene, 125 mL 0.05 pg/L 

"Paramet'er's used for analysis of variance. 

K, Cr, 0., (5%), 1 mL 

Table 2. Mean Values of Physical Parameters Table 3. Mean Values of Major Ions (mg/L) 

Colour, sees. cond. at Turbidity, Total Alk. 

Station rel. units pH 25°C, ;'4_S/cm JTU Station as CaC03 Ca Cl Mg K Na 
‘ 

S0, 

3.6A 21. 7.0 73. 6.5 3.6A 
4 

16.2 7.7 2.5 2.0 0.8 233 12.5 

3.63 23. 7.0 71. 6.1 3.68 15.4 7.5 2.1 2.0 0.8 2.2 2.1 

3.6c 23. 7.1 
‘ 71. 5.7 3.6c 15.5 7.5 1.9 2.0 0.8 2.2 1.9 

_3.6D 23. 7.0 71. 5.9 3.6D 15.3 7.5 2.1 2.0 .0.8 2.1 2.1 

13c 22 7.3 120. 13.0 13c 26.2 - 11.9 8.9 2.4 1.1 6.5 8.9 

RR 16. 7.9 288. 5.6 RR 108.0 32.9 14.4 11.2 1.2- 8.2 14.4 

5.4A 22. 7.0 73. 6.7 5.4A 16.3 7.8 2.4 2.0 0.8 2.4 2.4 

5.413 23. 7.0 72. 7.0 5.413 15.9 7.8 2.3 2.0 0.8 2.3 2.3 

5.4C 22. 7.1 73. 5.9 5.4c 16.6 7.9 2.2 2.1 0.8 2.2 2.2 

5.41) 23. 7.1 77. 6.2 5.413 18.5 8.4 2.5 2.3 0.8 2.3 2.5 

GRA 20. 7.0 51. 5.7 GRA 12.8 6.2 1.0 1.1 0.7 1.2 1.0 

GRB 
_ 

19. 6.9 52. 6.3 can 12.8 6.2 1.1 1.2 0.7 1.2 1.1 

14.9A 22. 6.9 74. 11.5 14.9A 18.5 7.7 . 2.2 1.9 0.9 2.8 2.2 

14.93 22. 7.0 67. 6.7 14.93 15.6 7.3 2.0 1.8 0._8 2.0 2.0 

14.9.c 23. 7.0 66. 6.3 14.9c 14.9 7.2 1.8 1.8 0._8 1.9 1.8 

14.90 23. 7.0 68. 6.5 14.91) A 15.5 7.4 2.0 1.8 0.8 -2.0 2.0 

17.7A - 21. 6.9 74. 10.5 17.7A 18.8 7.8 2.2 1.8 0.8 2.9 2.2 

17.713 22. 7.0 70. 7.2 17.73 16.4 7.6 2.0 1.8 0.8 2.3 2.0 

17.7c 22. 7.0 69. 6.6 17.7c 16.1 7.4 2.0 1.9 0.8 2.1 20 
17.70 23. 7.0 75. 8.8 17.71) 7.9 2.9 2.0 0.8 2.7 2.9 16.5



Table 4. Méan Conoenu-ations of Nug-icnts (mg/L) 
NH, No,+No,

' Station DOC me as N as N P” SR1’ 
. 
17?.‘ 

. . 

54°: 
' 

3.6A . 6.7 .427 .034 
7 7 

.208 .060 .004. .027 1’ 3.92 
3.68 6.7 .385 .029 » .208 .046 .002 .023 3.93 
3.6a 6.5 .364 .028 .212 .041 -.002 .021 3.93. 
3.6D 6.5 .364 .029 .208 .041 .002 .022 3.92 

BC 6.9 2.766 .101 .223 .182 .024 .132 4.11 RR 8.1 - .700 .012 .050 .102 .005 .041 1.18 

5.4A 6.8 .457 .034 .210 .053 _.004 .032 3.93 1 

5.413 6.-5 .486 . .030 .209 .057 .003 .029 3.92 
5.4c 6.5 .359 .026 .204 .043 .002 .024 3.85 5.419 6.7 .360 .026 .202 .045 .002 .023 3.83 

GRA 5.1 .377 .023 .109 .047 .002 .021 4.08 . GRB 5.0 .383 .029 .142 .046 .003 .022 4.05 

14_.9A 7.9 1.274 .017 .165 .089 .003 .039 3.97 
14.913 6.3 .413 .023 .184 .057 .002 .024 3.89 14.9c 6.3 .375 .026 .187 .040 .002 .023 3.87 
14.913 1 6.4 .406 .046 .186 .051 .003 .028 3.90 

17._7A 7.9 
’ 

1.509 .018 .126 .114 ._006 .074 4.01 
17.713 7.0 .723 .018 .169 .079 .002 .052 2.95 17.7c 6.3 .449. .041 .186 .058 .003 .030 3.91 17.71) 6.1 .424 .042 .190 .065 .003 .034 3.90 

Table 5. Guideline Excqedances - 
Aliimifium, F0c'21lA0Vol‘ifo1‘rn 1:61: Total pho_sphor_us 
__._100 mg/L 100 fie: 100 dL .300_n;_g_/_L 030719;/_LV Stifioh F'—_”_13‘ 

N. E N ‘ 

‘I: 

3.6A 
' A19” 19 18 18 19 

A 

19 3 3.6B 19 19 18 16 19 2 19 1 3.6c 19 19 18 12 19 4 19 1 3.61) 19 18 18 12 19 .2 19 1 

BC 19 19 18 18 19 19 19 19 RR 19 8 18 15 19 3 18 17 
5.4.4 19 19 18 17 19 5 18 8 5.48 19 18 18 15 19 4 19 7 5.4c 19 19 18 12 19 2 19 1 5.41) 19 19 18 12 19 2 19 1 

GRA 19 11 19 19 19 11 
' 

19 0. GRB ' 19 13 19 19 19 7 19 0 
14.9». 

' 
' 

18 18 19 18 18 10 18 13 14.913 18 15 19 18 18 3 18 1 14.90 18 16 19 17 18 2 18 1 14.191) 18 18 19 16 18 3 18 2 
17.7A 18 18 18 18 18 13 18 17 17.7B 18 16 18 18 18 4 18 10 17.70 18 17 18 17 18 2 18 7 17.713 18 18 18 16 18 9 18 11 N = Number of‘ (Ia!-8 13oir'1'ts “ 
E = Number ofguideline exceedaindes
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‘ 

Table 6.~ Megn Values for Bactei-iol'o'gi'¢‘:'al and 0Xfi_§n Demand 
’l”a;g_x3_|_et_e_Ijs_ 

Table 7. Meagn Vglues of Trice Méufls (mg/L) 

Fecal c_o_li_£., Fecal st'rep., FC:FS BOD; COD Station EXt1"'a"ct. Al. Tot_3_l Fe Total Mn E)'<ti"act. Hg Tong) Z11 

Station MF/dL' M_F/d1,‘ Ratios mg/1. mg/L 
" 2 ' “-.”“P""‘’ 2

— 

___A__ ‘f; f’ "' _ __ ff ' H" ‘ 

I 

" 5150 .250 .0_16 14.00005’ .003 

3.6_A 3283 589 1.3 29.2. 5.57 3.63 .147 .250 .016 L_.00005 
_ 

.003 

3.63 466 104- 1.4 31.0 4.48 3.60 .145 .250 .015 1.0000: ._003 

3.60 136 81 1.3 31.9 1.68 3.6D .145 .7240 .016 L.0o005 .003 

3.61) » 137 97 1.3 27.7 1.41 
30 .582 .550 .016 3.00005 .008 

, 30 16839 4224 2.3 29.0 3.99 RR .080 .170 .034 1.00005 .003 

RR 353 211 1.8 29.2 1.67 
5.4A .180 ._290 

1 .017 L.00005' .004 

5.4A «2373 352 1.6 30.9 6.74 _5_.41_3 .168 .260 .016 L.00005 .003 

.5.4'1'3j 1050 25_6 1.4 29.9 4.10 ‘ 5.40 .143 -250 .016 L.00005 .003 

5.40 245 102 1.3 34.6 . 2._40 5.41) .141 .240 .016 I.-.00_005 .003 

5.41) 178 82 1.4 29.6 2.17 
. 

1 GRA .129 .3-10 .028 L.00005 .002 

GRA 658 166 1.2 21.3 3.96 033 ' 

.142 .320 .026 L.00005 -003‘ 

033 1467 367 1.2 21.3 3.96 . 

‘ 14.9.4 .178 .360 .028 1_..o0005' -003 

14_.9A 5191 689 4.0 43.5 7.53 14.93 .124 .250 .019 L.00005 .003
' 

14.93 1113 243 1.4 28.5 4.58 14.90 .138 .240 .018 L.0000,5 .003 

14.90 634 95 1.3 36.5 6.67 14.91) .151 .290 .020 L.00005 .003 

14.91) 
‘ 

454 122 1.3 27.9 3.72 
-

. 

17.7A .187 .360 .027 1.00005 .005 

1;7.7A- 9150 1089 4.2 35.3 8.40 17.73 .1 54 ._280 .022 'L.00005 .004 

17.73 1452 264 2.6 30.3 5.50 17.70 .147 .250 .023 L.00005' .003 

17.70 913 
’ 

130 1.6 35.9 7.02 17.71) .180 .380 .021 L.00005 .004 

17.7D 585 100 1.5 29.9 5.85 

‘Geometric means c‘alc_11l0te‘d for fecal colifdrrh and fe’c0l strep- 

tococcus.
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