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HAIAGIHBRT-PERSPECTIVE 

lmplications of the level of atmospheric deposition of 
airborne pollutants at the Turkey Lakes Watershed (TLW) must be 
taken in context to the objectives of the larger NWRI mass 
balance study at this site, e.g., to define to the process of 

basin acidification. These results show that the sparcely 
located sampling stations of the national air and precipitation 
monitoring network may substantially under-estimate the amount of 
atmospheric Adeposition occurring at a given location; the 
discrepancy arises from the influence of specific local factors 
such as elevation in the TLW. The winter-time importance of 

nitric acid in the precipitation (approximately equal to suphuric 
acid) may have implications with respect to imposition of 

stricter auto emission standards in Canada.
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PERSPECTIVE—GESTION 

Ii y a lieu d'ana1yser les consequences de Ia quantité de 
dépfits de polluants atmosphériques dans le bassin vessant de Turkey 
Lakes (BVTL) 5 la lumiere des objectifs de l'étude plus étendue de 
l'équilibre des masses qu'a réalisée l'INRE 5 cet endroit, c'est-5-dire 
qu'i1 faut définir le processus d'acidification d'un bassin. Les 
résultats démontrent que les stations de prélévement du réseau national 
de surveillance de 1‘atmosphEre et des précipitations, dispersées sur 
un vaste territoire, peuvent conduire 5 sous—est1mer considérablement la 
quantité de dép6ts atmosphériques 5 un lieu donné; cette inexactitude 
est due 5 1'inf1uence de facteurs locaux spécifiques, notamment

a l'elévation du bassin versant de Turkey Lakes (BVTL). La concentration 
élevée d'ac1de nitfique dans les précipitations au cours de l'hiver 
(qui équivaut approximativement 5 celle de 1'acide sulfurique) pent avoir 
comma uxséquence 1'imposit1on de normes d'auto—émission plus sévéres au 
Canada. 

Dép8t de masses d'ions dans le bassin versant de Turkey Lakes 
R. G. Semkin et D. S. Jeffries
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EZBCUTIVBSUIIHARY 

Samples of weekly total rainfall and/or snowfall have 
been collected in a continuously‘-open collector at the Turkey 
Lakes Watershed (TLW) near Ssult Ste. Marie, Ontario.' Results 
and interpretation reported here cover the period September 1981 
to June 1981+. Total precipitation quantity for this period was 
1212 mm/yr of which the greater part (702) occurred as rain. 
There is a significantly ‘greater amount of precipitation 
occurring at the higher elevation portions of the watershed. 

The chemical compositon of the precipitation is 
dominated by the chemical species (ions) composing surphuric 
acid, e.g., hydrogen ion and sulphate; however, other chemical 
species such as ammonium and nitrate ions (from various natural 
and man-made nitrogen sources) and calcium (from soil dust) are 
also present. Some of the species (sulphate, ammonium, and 
calcium) exhibited higher concentrations in summer than in 
winter. In contrast-, the acidity of precipitation (hydrogen ion 
concentration) was lower in the summer compared to winter. This 
seasonal variation means that sulphuric acid is the predominant 
"acid" in precitation, particularly during the warm season of the 
year. In winter, however, nitric acid is just as important as 
sulphuric acid in contribution to the overall snow acidity. The 
concentrations of acids in the precipitation at the TLW are lower 
than those occurring in sout h-central Ontario, southern Quebec, 
and much of the northeastern USA, but higher than those occurring 
in northwestern Ontario, Newfoundland, and Labrador. 

The ecological importance of the precipitation acidity 
lies not with its concentration, but with the ‘total amount 
deposited. In this regard, the deposition of acids at the TLW 
are comparable to that occurring in south-central Ontario, 
southern Quebec, ,etc., due to the greater amount of precipitat-ion 
experienced at the former site. T



RESUME ADMINISTRATIF 

Des échantillons des précipitations mensuelles totales de 
pluie ou de neige ont été prélevés dans un collecteur ouvett en 
permanence installé dans le bassin versant de Turkey Lakes (BVTL), 
pres de Sault~Sainte-Marie (Ontario). Les résultats-et les interpre- 
tations qui figurent dans ce rapport traitent de la Période de 
septembre 1981 5 juin 1984. La quantité totale de précipitations au 
cours de cette période s'élevait 5 1 212 mm par année, dont la plus 
grande partie (70 p. 100) tombait sous forme de pluie. On a remarqué 
que les précipitations étaient beaucoup plus abondantes dans les 
parties les plus élevées du bassiu versant. 

Les principaux composants chimiques des précipitations sont 
les substances (ions) qui forment 1'acide sulfurique, c'est-5-dire les 
ions d'hydrogEne et les sulfates. On a toutefois décelé d'autres 
composants, notamment des ions d'ammonium et de nitrate (provenant de 
diverses sources d'azote naturelles et anthropiques) et du calcium 
(provenant de la poussiére du sol)‘ Certaines substances chimiques 
(sulfate, ammonium et calcium) étaient plus concentrées au cours de 
1'été que 1'hiver. Par contre, l'acidité des précipitations 
(concentration des ions hydrogene) était plus faible en été qu'en 
lhiver. Cette variation saisonniere signifie que 1'acide sulfurique 
est le principal agent d'acidité des précipitations, surtout au cours 
de la saison estivale. En hiver cependant, 1'acide nitrique contribue 
autant que 1'ac1de sulfurique 5 1'acidité globale de la neige. La 
concentration d'acides dans les précipitations du BVTL est plus faible 
que dans les précipitations du centre sud de l'0ntario, du sud du 
Québec et de la plus grande partie du nord-est des Etats-Unis, mais 
plus élevée par contre que celles du nord-ouest de 1'0ntario, de 
Terre-Neuve et du Labrador. I . . .

I 

Ce n'est pas tellement la concentration d'acides qui joue 
sur l'environnement, mais p1ut6t la quantité totale qui se dépose. 
A cet égard, les dépfits d'acides dans le BVTL sont comparables E ceux 
qui caractérisent le centre sud de 1'0ntario, 1e sud du Québec, etc., 
et ceci, parce que les précipitations y sont plus abondantes. 

~ v iDépots de masses d ions dans le bassin versant de Turkey Lakes 
R. G. Semkin et D. S. Jeffries



ABSEACT 

Bulk deposition has been collected at the Turkey Lakes 
Watershed (near Sault Ste. Marie, Ontario) on a weekly basis since 
September I981. Average precipitation quantity was 1212 over four 

years with rainfall accounting’ for approximately 702 of the total. 

The chemistry of bulk deposition is dominated by hydrogen and sulphate 
ions. Seasonal variations in chemistry were observed with summer 
concentrations of S0,, , NIL, , and Ca exceeding winter values by about 
402. The hydrogen ion content of bulk deposition is lower in the 

summer months while the S01, :N_O3 equivalent’ ratio is at a maximum. 
Sulphate, N03 , - NE, and H ion concentrations are significantly 
correlated (p<.O01). A greater proportion of N03 appears to be 
associated with HNO3 than $0., with its strong acid counterpart, e.g. 

sulphate i_s better correlated with NR4, and Ca than H. Annual 
deposition to the watershed is comparable to other areas experiencing 
more acidic precipitation due to the relatively high precipitation 
rate in this location. '-
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luisuué 

_ 

Depuis 1981, on a recueilli, E l'aide d'un cflllecteur, 
les 

précipitations hebdomadairés dans 1e bassin versant des 
lacs Turkey 

(pres de Sault-Sainte-Marie, en Ontario). L'accumulation moyenne 

des précipitations au cours de la période de quatre 
ans a été de 

1 212 mm, dont 70 p. l00 sous forme de pluie. Les principaux ions 

que 1'on a trouvés en solution sont ceux d'hydrogéne et 
de sulfate. 

Des variations saisonniéres de la chimie des précipitations 
ont été 

observées. Ainsi, les concentrations estivales de S04, NR4, et Ca 

se sont révélées environ 40 p. 100 plus élevées 
qu'en hiver. La 

teneur en ions d'hydrogEne était E la baisse au cours des 
mois 

d'été tandis que le ratio équivalent de S04 : N03 atteignait sa 

valeur maximale. I1 existe une correlation significative entre les 

concentrations d'ions de N03, NR4, et H (p< 0,001). I1 semble que 

la corrélation entre les concentrations de N03 et de HN03, 
soit 

plus forte que celle entre les concentrations de SO‘ et 
de H2S0a, 

En effet, la corrélation des ions de sulfate avec 1e NH4 
et le Ga 

semble plus marquee que celle avec les ions d‘hydrogEne. 
fitant 

donné l'intensité des précipitations cumulatives qui 
s‘abattent dans 

1e bassin versant précité, celles-ci ont des répercussions 
semblables 

3 celles de précipitations plus acides dans d'autres 
régions.
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ACCUMULATION GLOBALE DES IONS DANS LE BASSIN VERSANT DES LACS 
TURKEY 

R.G. Semkin et Dean S. Jeffries
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I . IITRODUGTIOI 

The chemistry of bulk deposition was determined as a means 

of calculating the atmospheric input to the Turkey‘ Lakes Watershed. 

Terrestrial basins located in the Precambrian Shield generally act as 

a sink for nutrients “and hydrogen ion transported from external 

sources (,ScheiderA_;1:_1:_a_1., 1979). Although sulphate has been primarily 

implicated in the long—ter1_n acidification of poorly buffered 

watersheds (Harvey it 21., 1981), the; role of nitrate in atmospheric 

deposition has r.e‘c_e1ived increased attention, particularly during 

periods of elevated runoff such as occur at spring melt or after 

heavy rainfalls». Marked depressions in pH and alka-linitiy 

concentrations in stream and lake waters have been reported during 

such events and are coincident with increasing nitrate levels 

'(Ga11oway and Dillon, 1983; Semkin it _a_-l_, 1984). High acidity in 

atmospheric deposition may significantly affect a catchment as 

manifested by the increased weathering of geological materials and the 

subsequent export of base cationfs, the reduction of the buffering 

capacity of surface waters (by replacing bicarbonate with sulphate), 

and mobilization of metals such as Al from the solils into the aquatic 

regime. ,

» 

In an evaluation of precipitation chemistry over North 

America, Hunger and Eisenreich (1983) separated the ionic components, 

into three main groups: 

i) Ca, Mg, K — derived from the erosion of soil and bedrock;



Q -2- 

- ii) Na, Cl — derived from coastal sea salts; 

iii) $04, N03, NH“ — derived from gaseous precursors S02, NOX, NH3 

emitted to the atmosphere. 

The chemistry of bulk deposition will therefore have a geographical 

flavour and reflect the relative source strength of each of these 

groups. This factor plus reactions occurring during transport, 

especially the reactions of strong mineral acidity (H2504 and HN03) 

with neutralizing agents such as calcareous dust and ammonia, will 

define the net composition of the deposition at various sites. 

II. STUDY AREA 

The Turkey Lakes Watershed is an undisturbed, forested basin 

located approximately S0 km north of Sault Ste. Marie, Ontario. The 

physical and biological characteristics of the watershed have been 

previously outlined (Jeffries and Semkin 1982; Semkin and Jeffries, 

1983). 

A main meteorological station (M3) has been established at a 

site just south of the watershed (Figure 1). In addition to measure- 

ments of bulk deposition, various air and precipitation monitoring 

networks are operative at this location (Jeffries and Semkin, 1982), 

O‘ 

III . METHODS 

Pr€ciPitatiQn,Quantitz 

- Precipitation quantity at the main meteorological station is 
recorded by swans of a standard rain gauge and Nipher snow gauge.
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Gontinuous measurements of precipitation are obtained by using a 

Belmontemodel weighing—bucket recorder. Relief in the Turkey Lakes 

Watershed is about 300 m (Figure 2), so that orographic factors do 

affect the distribution of precipitation in the basin. To account for 

this variation, standard rain and Nipher snow gauges are deployed at 

different elevations in the study site as '1'-8 shown in Figure 1. 

Bulk Deposition Chemistry 

Bulk deposition was collected at the main site (M3) with a 

Teflon-coated, stainless steel funnel 0-.25 m2 in area-. Samples were 

channeledlinto a glass bottle for rain or a polyethylene bucket for 

snow. The collector bottle/bucket was housed in a light-proof box 

which was mounted on a wooden deck approximately l m above ground 

surface. Samples were taken on a weekly basin beginning on September 

1, l9_8l. ‘ . 

V All samples were analyzed for pH and specific conductivity 

immediately after collection. Subsamples were processed and submitted 

for analysis of major ions, nutrients and trace elements in accord 

with methods defined by the Department of the Environment (1979). 

Starting in June 1982, measurement of the major anions — sulphate, 

nitrateiand chloride, was accomplished by employing a Dionex model 

2010i ion chromatograph.
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"V. RESULTS AID DISCU5SIUl 

Precipit_ati01!e Quantity
‘ 

_Cumulative precipitation for the years 1981 to 1983 as 

recorded at the main meteorological station is illustrated in Figure 

3. The mean annual precipitation for the four years was 1212 mm. 

Rain was the predominant form of wet deposition averaging 701 of the 

total precipitation incident upon the watershed. 

Deviations from the quantity of precipitation measured at 

the main site are reported in. Table 1. The effect of increasing 

elevation at the various gauging locations is evident from the data 

with upstream portions of the basin recording up to 152 more 

precipitation than at the main facility. 

Table 1. Variation in Annual Precipitation at Selected Sites Within 

_ the Turkey Lakes Watershed 

Elevation 

Site* a.s.l,(m) 1982 

Precipitation (m) 
1983 1984 

:43 (Main Site) 396 

H1 . 498 

H5 457 

H4 347 

1313 

1421 

1281 

1161 

1304 

1340 

1247 

*Refer to Figure I for location of monitoring site. 

1195 

1249 

1266 

1260
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Chemistry o_f Bulk Deposition 

Results 

A summary of bulk deposition chemistry at the Turkey Lakes 

watershed is presented in Table 2, Results for individual samples 

collected on a weekly basis are given in the APPendi§x. Deposition 

quality can be influenced by the duration and intensity of precipita- 

ti0i\; events so that the concentration of a given ionic constituent can 
best be represented by a volume-weighted mean value (Table 2). For 

comparative purposes, data from other North American and European 
monitoring sites are shown in Table ,3. In terms oi volume—weighted 

values, ion concentrations at Turkey Lakes are generally lower than 
those observed in regions closer to ‘major sources of atmospheric 

emissions and greater than those at a background area in Ontario 
(e.g. ELA). 

_ Over the period of study, the order of importance of ionic‘ 

constituents in bulk deposition was as follows: ~ 

so,,2- > 11+ > N03“ _> may > cs“ > Hg2'*' > c1'~ > um‘ > K‘. 

On an equivalent basis, sulphate accounted for approximately 292 and 

hydrogen ion 28% of the ionic makeup of bulk. deposition. From Figure 
4, it is apparent that H"', NHJ and Ca2* are the major cations 
present, accounting -for some 882 of the cationic pool. Sulphate and 
nitrate are the. significant anions contributing 952 of the total. 
These five ions generally regulate t-he chemical composition of deposie 
tion in contbinential areas, particularly (where anthropogenic emissions 
are substantial (Table 3).
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Table 2. Statistical Summary of Bulk Deposition Chemistryl in the 

Turkey Lakes Watershed September 1, 1981 - July 10, 1984 - 

Samples 

Arithmetic Standard 

Mean Deviation Range 

Volume- 

Weighted 

Mean 

H-I» 

uu“* 
Ca2* 
Mg“ 
Ne‘ 
K+ 
.,s‘o“2_ 

uo3" 
c1- 

141 

131 

138 
137 
133 
136 
l34 
136 
138 

54,9 
(pa 4.26) 

28.3 
18.7 
7.7 
5-7 
3.8 

68.5 

5.7 

46.5 

25.3 
20.9 
6.7 
5.1 
5.8 

54.8 
42.8 
4.0 

0.l—218.8 

2.0—1l8.7 
0.5- 99.8 
0.8- 34.6 
0.4- 24.4 
0.2- 44.5 
4.2=326.9 
l.1—375.5 
0.1- 19.7 

50.0 
(pH 4.30) 

21.0 
11.7 
5.4 
4.0 
2.4 

$2.4 
30.4 
4.6 

1A1l concentrations in ueqL'1 unless otherwise specified.

I
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' Seasonal fluctuations in ‘bulk deposition chemistry are 

illustrated in Table 4 which compares summer concentrations (rain) 

with winter (snow and freezing rain) values. Based on volumeeweighted 

concentrations, bulk deposition in the sumer months is enriched in 

S04, NH“, and Ca by about 402 compared to winter concentrations. 

However, the hydrogen ion concentration in summer precipitation is 252 

lower than that occurring in snow and freezing rain (pH 4.37 compared 

"to pH 4.25). In spite of the relative abundance of sulphate during 

the summer months, the reduced acidity of deposition at this time may 

‘be indicative of: 

i) elevated summer concentrations‘ of calcareous materials and 

ammonia which would tend to neutralize the acidity; or 

ii) a higher percentage of SO“ in summer is associated with NH“ in 

aerosols;
A

1 

Conversely, higher concentrations of HNO3 during winter may account 

for the higher acidity observed during this season. 

Concentrations of sulphate and nitrate can provide an esti- 

mate of the contribution of H250“ and HN03 to the acidity of deposi- 

tion. Galloway and Likens (l98l) reported that 1979 levels of H230“ 

at Hubbard Brook could account for 7?! and 612 of the summer and 

winter.acidity respectively, whereas the HN03 content could explain 

312 and 592 of the summer and winter strong acidity. Equivalent ratios 

of SO“/N03 at Sudbury were observed to vary from winter lows of 1:1 to 

summer highs of 3:1 (Jeffries, 1985)., Plots of the bulk $0“/N03

I
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equivalent ratioaat the Turkey Lakes watershed (Figure 5) also show a 

predominant summer contribution of H2804 to the strong acidity of 

deposition and fairly equal amounts of H280“ and I-{N03 during the 

winter months. The sulphate to nitrate equivalent ratio averaged over 

three years was 0.85 for the month of January and 2.74 for August. 

The co-variation of major ions in bulk deposition has been 

discussed by numerous researchers. Skeffington (1984) employed a 

variety of statistical procedures to investigate the chemistry of bulk 

deposition in southeast England. His summary results indicated that 

S04, N03, and NH“ were strongly correlated suggesting that their 

variation had a common source and that H correlated better with N03 

than with S0“. In an analysis of precipitation data from the United 

States NADP network, Gorham et a1. (1984) reported that H was more 

closely correlated with 50;, (r2 = 0.85) than with N03 (r2 = 0.63) and 

“attributed the relationship between H and N03 to their strong mutual 

correlation with S0“. . 

The correlations between precipitation depth and concentra- 

tions of maior constituents at the Turkey Lakes are presented in Table 

5. All the ions in depositon except hydrogen are inversely corre1at.ed 

with the amount of precipitation falling at the study site. Hydrogen 

ion appears to be more strongly correlated with nitrate (r = 0.73) 

than with (r é 0.55); however, the significant interaction 

between N03 and S0‘, (r = 0.63) "masks any direct linkage between Hi and 

either anion.
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Table 5. Pearson Correlation Coefficientsl Between 

Ions and Precipitation Depths 

Depth .H+ uu“* ca2* so“2- N03’ 

Depth 

n+ 

uu.,+ 

Ca2*' 

sot’- 

N03’ 

1.00 

-0.14 

—0.41* 

—0.45* 

-0,40* 

—0.35* 

1.00 

0.33* 

0.09 

0.55* 

0.73* 

1.00 

0.42* 1.00 

0.70* 0.63* 1.00 

0.46* 0¢55* 0.63* 1.00 

*$ignificant at p < .001 

1. Number of samples between 125 and 1&1.

0'



O 
- Using Turkey Lakes data, regressions of H on S0,, and R03 were 

calculated and are presented in Figures 6 and - 7. As with 

Skeffington's -results (1984), the relative slopes of the regression 

lines suggest that a greater proportion of the N03 is associated with 

EH03 (792) than SO; with H2804 (47%) in bulk deposition. The high 

correlation between S04 and NH“ (r = 0.70) further supports the 

contention that a sizeable portion of the measured sulphate may not be 

contributing to the overall precipitation acidity. It should be 

noted, however, that NH“ deposited to a watershed is a net acidifying 

substance if it is retained within the basin, while N03 is a net 

alkalizing substance under the same conditions (Harvey 2£_al;, 1981). 

Ammonium ion is strongly retained in terrestrial sub-basins within the 

Turkey Lakes Watershed (Nicolson, 1983). 

Atmospheric deposition in meq m'2yr“1 was computed for the 

“two complete years of .measurement, i.e,, 1982 and 1983, and is 

summarized in Table 6. Material loadings for other experimental sites 

accompany the Turkey Lakes data and illustrate the significance of 

precipitation depth in determining deposition. The ionic content of 

deposition at the watershed is less concentrated than in areas more 

directly affected by airborne contaminants, e.g., Sudbury, 

south—central Ontario; however, the greater precipitation quantity 

recorded at the study basin results in comparable rates of material 

deposition.
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I 
V. SUMMARY 

Bulk deposition at the Turkey Lakes Watershed has been 

collected on a weekly basis since September 1, 1981. The mean annual 

precipitation for 1981 through 1984 was 1212mm. Five ions dominate 

the chemistry of bulk deposition — S0“, H, N03, NH“, Ga. Seasonal 

variations in the ionic constituents were observed with concentrations 

of S04, NH“, and Ca being 402 greater in the summer months compared to 

winter. However, the acidity of bulk deposition in the summer samples 

was less than that measured over the winter months (pH 4.37 vs pH 

4.25). -Sulphate/nitrate equivalent ratios were approximately 1 during 

the cold season and increased to around 3 in the summer. 

Sulphate, nitrate and hydrogen ions were significantly 

correlated suggesting that these ions had a common source. With the 

exception of H, the major ions in bulk deposition were inversely 

‘correlated with the depth of precipitation. A greater proportion of 

N03 appeared to be associated with EH03 than S0“ with H280“. 

Material loadings calculated for the Turkey Lakes watershed 

were similar to those in areas receiving deposition of a higher ionic 

strength. This reflected the greater precipitation depth recorded at 

the study site.
S
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