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ABSTRACT -

-The /reeults of a saiplinq sprogfanv designed to
‘deternine the atnospheric' contribution to the nutrient
'loading of Bastings Lake, central Alberta, is described.

- Wet and dry deposition sanples were analyzed for 'total
-nitxogen, total phosphorus,: the lajor ionic forls, of
;nitrogen and phOSphorus,v the silica,_ sodiun, potassiu-,'
“iron,’ sulfate, 'and chloride ions, and several cther water
‘\1pronerty 'tests -(pH, oconductivity,“ hardness, and total
residue);S-Both ‘vet and dry deposition were nanually sanpled
ifon ‘an event hasis. Bulk snov sanples vere also collected in
‘l;the vinter. : '4" |

,fl?ﬁ\

\

' ‘The: results showed that the atnospheric ccntrihution‘
':,to Bastings Lake is significant. . Dry deposition' is nore 
inportant than vet deposition during the snow free season.
.ihe oppqpite is true vhen the ground is covered vith snov
.vhich inplies that _dry deposition' is influenced by'
iicultiVation and other snrtace soutces that do not act:,vhen

*there is snov coverf :',,;J’_ff”f“, LT

l¢,1 The total,phosphotus and tbtal nitrogen annual fluxes
. —

. were high.v. !he:e\sis no indicationqghat,after a reduction
vfftactor accountlng fo: biological contanination is applied.

,;fthe tluxes | tound a:e unrealistic. ltlosphetic dePOSiti°°~




) _ 5
procetses contribute over half ' of the ‘total ph0sphorus‘
annual load, t*Tﬁe prqportion varies ”#nnersely . with
the alcunt of :nnoff and gtoundvater tseepage"téi the_ldké.

hn attenpt uas nade to correlate the" vet éspnsition
concentraticns v;th leteorological variableg,, f&hqf'?’nnlts,,.
vere . inCOncluaive.. Suggestions to inprove th‘sf’a@ﬁ:lnn“fb

further study are 1nc1uded. : N

-

Fvi]'
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CHAPTER 1.~ INTRODUCION.

l;l'insnghisaiign;‘
Butrophication is characterized by the. overabundant

growth of plants in bodies of water (Vallentyne,'197u).
'These’.plants dfei autotrophic, 'iLe, they 'use,, 1norqanic
nutriegts ton foru -organic material (Ruttner 1963).' Their'
lush growth causes a decrease 1n water guality by 1ncreasxng

o the massﬂof orqanisms in the water, changing the spec1es ;
present less deSirable forns, decreasxng the transparency:
“off the <.water, “and decrea51ng the" oxygen content
v(%ollenueider, 1968). - R

o

ion is determ1ned by the ’concentration

";i o ﬁlant_pr‘l 
~ and type of nut ients present, ~the’ amount of inCiQent
sunlight the water'tenperature, the health of he plant_
conmunity," and the ' effects of - animalsf(Vallentyne,_197").
These gnowth factors ‘are a. -function of. the climate, the

nutrient supply to the lake, the geology of the drainage

basin, the configuration of ‘the lake, and the - bionass w1thin~b<v

’~the 1ake (Gorhal, 1961),

-"'Ruttient supply is the most- iuportant factor and the
‘one_ -ost‘alikely to- be_ influenced by manﬁ5~_act1vities 3
(Vallentyne.?'197u)., \The ' general increase inh‘ hunan

popnlatiOn' and the resultant uastes have caused sone lakes_
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' to deteriorato_verpyquickly and others to show initial signs
of'poorer”water quality‘(Yollenweider,n1968). This has been
;"pfoble- in the past' Por exalple, one Roman aqueduct had
‘yundrinkable water. . The first water conpany in New York City
va A.for-ed in 1774 to give. re31dents better quality vator
(ﬁei&ner, 1974). In the past’ it has alvays been possible to
| go to néu' sources of vnter,_ but this cis incre@singly
difficult_,todaj, - Heu_nust. maintain the. quality ‘of.the

 available uater'supplies.

, One Sllple schene classifies 1ake5 by vater clarity._
Dystrophic lakes are stained a brown tea color by rich hunic‘
‘ natter.. clear lakes are furtésr classxfied by production.‘
Ollgotrophic lakes are low in production. Eutrophic lakes .

"n highly productive, vhich often reduces vater clarity by
'lthe sheer. bulk of plants present. . Other characteristics - of
‘k_eutrophic- lakes are shallov,“widé”,bnsins,.‘considernble.
"nixing by wind, :a’_reductionpiof ‘species: niversity'_and
a’-trenenaous productian .at ,all .Ieveis of :thep'food chainf’

(Vallentyne, 197u)._

_;:'J;Z Hntrisns &gsﬂina; .-_: jip'nift‘i:t‘:; - %H

According to the '1av of the 'nininun" ; productivity

“.is= li-ited by that essential nutrient vhich is’ available 1n

‘the s-allest anount at any given tine (Ruttner, 1963). The

"concentration of nntrients ‘can  vary nore than any of the

'3n"other previonsly lentioned ‘grovth factors- for_ a given



location. : It is therefore very important to accurately
deter-ine the lake' nutrient loading, i.e. the mass of

nutrients entering ‘the lake.

‘Inorganlc nutr}ents are present ln most bodies. of
rater in wduantitiesv largei enough " for maximum pPlant
productlon and grovth, houerer, phosphorus, nitrogen, Qn&
{,carhon 'arei the essential ‘ele-ents that nor-allj*'lilit

| prodnction (Vallontyno, 197!). f?h

Plants‘ utilize nntrients as ions in ‘water solution.
Orthophosphate is the -ost readily assinilated» phosphorus
1on,- although sone.-plants coul& possxbly utlllze organic
;phosphatel (Kraler et al., 1972). A-lonium ~and nltrate are
-the; nitrogen forls _used (Brezonik, 1972). : Carbon is
'vassiailated’fas thel hi-carbonate ion or as carbon dioxide

7(xerr et.al.,'n|1972).‘ Hydrogen, e oxygen, - potassiun,»

]';unagnesian, ”sulfar,d calciun, and silica nust be present in

Tfairly large alonntsﬂ Blelentsﬂxthat nust be present _inJ

trace a-ounts ‘are manganese, iron,- copper, zinc, boron,

iv-ﬁlolybdenul, chlorine, vanadinl, and cobalt (Sanders, 1972).

Phosphates are fonnd in DNA and RNA, thle elenental-

"-hphosphorns 1s present in lany cellular co-pounds as'a‘

- strnctural part of colls and is usedain cellular -etaboliS|

.a(VOllenweider, 1968). Organic phosphate is bonnd in colplex

'_i lppendix i gives a- deScription of"the.:ionic‘"forns and
:_-ethods of analysis., x e = . '
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biological products, vhile orthophosphate is in a readily

' assililated-forn...Condensed phosphates must be broken down

by acid hydrolysis before use by plants (Kramer et al.,

Vs

. Ninety five percent of the ‘world's phosphorus is .

' directly or indirectly _due. to the cﬁeatheriﬁg of rocks, .
1_prilarily the mineral - apatite (Day;1963). Chenical
"weathering frees phosphate for use by organisns vhich in

.'turn concentrate it through ‘a series of trophic levels,

'e.g., in the guano islands off ‘Peru, in fOSsil deposxts, and

' 'by n;n (Ruttner, 1963).f The lajor source of phosphorus in

lakes is fron nan's activities, as detergent vastes and froa

*agriculture (Kre-er et al., ’1972).

Biological processes control the. nitrogen' cycle.

’1-Nitrogen is one. of the conponents of protein and as.such

jlekes~up tuelve percent of the dry weight of animals. nd

_three' percent o;i plants (Day,r 1963). Bacteria on’ the

'T;earth's snrface act both as a source and sink fd% nitrogen. o

:SOle fix nitrogen fron ,the at-osphere and others”con#ert‘

fp;anino acids‘into a-lonia.' Photochenical oxidation’ conrertsi‘.

S (Sye:s. 1966). |

./-\\.

1}the :athSpheric allonie to . nitrite and finally into nitratet

°
o

carbon is present in the atlosphere ‘es _ carhon'

’*dioxidc._ and in the ‘oceans and 1akes draining 1inestone';

4

's as the. carhonate ion.;— Sulfnr is'ﬂ'A_‘ essential'

ﬁnt' ot p:oteia. nsually ‘absorbed by plants as the '

-
.
-~ -
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sulfate ion (Day, 1963). Silica is inpertant for sone plant
species;‘particularly diatoms (Ruttner, 1963). Potassiun,
scdiun. calcianm, iron, and -agnesiun are essential to life‘
for use in cell metabolisa reactions or as _constituents of

the cell (Hutchinson, 1957). The trace elements nentiOned

previously are of great significance to productivity,\hut in

ways not entirely’understood (Ruttner, 1963).

Entrophication is- too conplex to be closelj' related,.
to nntrient fluxes,/bntTVOllenveider (1968) has established

sone general thteshald‘values for nitrogen‘ and phosphorus

f.loadings. Table 1.1 - shows total'vnitrogen .ena “total

-~ . )

Table 1 1 Specific loading values for lakes expressed as
-total nitrogen and total phosphorus

B

Hean Depth Pernissible Loadings»Dangeroue Load1ng=

up to (gm=2yr—1t) {gmT2yr—1) (gm=2yr—1) (gm—2yr—1).
{m) ' °~ Total N Total P " . Total N Total P
5 1.0 0 07, L 2 0. 0.13
10 1.5 - 0.10 - 3.0 - 0,20
50 4,0 "~ 0e25 . BaD - 0.S50°
100 - 6.0  0.40 12,0 7,80
-150 ~ 7.5 0.50 15,0 1.00
200 ’ 9.0

. 0.60 - 18,0 1.20

o Afterjvollepyeider'(1968).

ri;phosphorus threshold loading levels for different mean: ldke-
cldepths in glriyearri :. Total nitrogen‘ is the sum of the;
_ ,total kjeldahl nitrogen, nitrate and nitrite concentrations,
?;both perticnlate and dissolved (Utto-ark et al., ‘97“)~l
lrotal phosphorus is calculated by div;ding the totall

o
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phosphate ion by 3.06 (Aqerioan Public Health Association,
1971).

Nutrienmt sourcas ., are  grouped  into two .lurge
categoriés;'poiut aud area s°urces.' A point source réleasos
effluent tron a small. region ‘and it diffuses outwvards,
e.g. u Sewoge' pipe (Vollenweider, 1968) . Area sources can

be further classified into natural and artificial

ources.
‘Unpolluted streals, runoff fro- grasslands and forests,
ground wuter and - atlospheric depOsitiou all add |small
guautigieszof nutriehts naturally. Some artificial, ai 1use
s°urces are agriculture, urban areas, and addltlons to the
natural oroundvater and atlospheric loadingS' by pollution

.

. -(Utto-ark et al., 197n).‘ -

Piguré 1;1 shois h«schenatib version of the‘nutrient,
‘.souroes to a " lake. fhe ioluésbassiQnéd-to'each'flur are'
._estilates fron literature studles by v°11enwe1der (1968) and_
:uttonark et al., (197&). It is 1nportant to note that the
vflushinq t1le or ti-e in vhich the basin's water is renewed
and the configuration of the basin vill vary ~ these
~estilates. Bven s-aller concentrations uill be dangerous if~
'there is little inflov and outflov to the lake and ‘the basin B

.'.is such as to allov -aiilul use of lightf
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Aerosols are dispersed solids or liquids ranging in
size up to 29#, vhich. vhen conbined with many different
vgases. make up the - atmosphere. The wmost abundant
coustitnents_of the .tmosphere are nitrogen and oxjgen vith
~argon and carbonv dioride present in large and relatiyeiy
constant alonnts. The . nost ilportant varieble constituent
:is vveter . vapor,’ bnt man's activities can 1ocally add many ;

)

- gases and aerosols.

.
. x

The four lajor‘eources'of gases and eerosols’ in the
_atnosphere are 2conbustion, ,hiological'actirities, snrface
cisruptioﬁs? and'conversione within the ° atnosphere (Cadle,
v1966); - Wet re-oval . by precipitation, surface removal and
CHéllcal transforlations Ulthin the the atmosphere, a11 act

as . sink nechanis-s (Slade, 1968).'ISnrface renoval can also
ibe called dry deposition and" covers any - non-precipitation
process. The qii;deposition rate"(Df is related to air ‘

concentration by
DXV, o a
_’Vhere CY is the concentration near the ground. (gn'3) and

V; (-s'!) is deposition velocity for the contauinant being :
- v,"studied (Chanbetlain, 1960) . | :

-

:7';.;' iet deposition tesnlts when precipitation processes

,,f;gdeter-ined hy

Ex

"”irenove . contaninants.‘c':he wet-deposition rate (D')"



}V,vcouponent leaves a tragile tranevork vhich is broken up by

"{Wturbulence associatod uith the releaSe of heat. The

S

RA, : (1.2)

where k is ;ué concent ion of the contaminant (gu~3%) in
. o N
precipitation, R is the rainfall amount (m),and A is the

nrea'nffectod_(l*); K can be calculated using

k-wX/) - (1.3)"

vhere w 13 the vaghout ratio, X is again the concentration

near the ground. and./o is therdensity of air (12009.“3).

' The residence tine 15 defined as the period of time
in vhich La - specific contaninant remains in the atmosphere
and is a function of  the properties of the contaminant

(Junge, 1963). A large particle norlally settles out vithin

. a few hours, vhile insoluble gases can have residence times’

. of several years. SR R

Co-bustion lay be - broken dovn into two processes,

f'sublination and -echanical disruption. Sublllation occurs
f’uhen heating causes the volatile constituents of the fuel to
" be’ vaporized. This causes a large supersaturation of the

Jvolatile laterial vhich 'in . turn, forls lany small

particulntes (rletcher, 1969). o Release of the volatile

' *fnochanicnl disruption releases. a s-nller,nunber-of laxrge

3
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Nitrogen oxides, sulfur Jioxide. and aamonia are

released by burning fossil fuels (Rason, 1971). Phosphorus
and cﬁlotino may also be liberated while calciunm and sodium
are ptesong in the fly ash. Solfur dioxide is primarily"
released by smelters, natural gas processing, and pulp mills
in Canada (Summers and Whelpdale, 1975). Forest finos
release 1sultur "dioxide ana nn-onin, and volcanoes produce

sulfur dioxide (mMason, 1971).

Biological activities continuously cycle different
elements. Photosynthesis uses sunlightA and',inorganic
nntrients to ptoduce .otqnnic compounds., Other processes
©.g9., transpiration, resniration, and nitrogen fixation, can
change atmospheric components vhile the organisam is alive,
as vell'as? produce hydrocarbons such as .terpenes. The

Adeconpositlon of dead organisns and the release of inorganic

ions conpletes the cycle.

~

- - Oxygen, carbon- dioxide. and hitrogen rare the aajor
constituents of  the atmospher related to srbiological
: processes. _ ujd:ogen ‘snlfide. annonia, :and any other
co-ponnds 4are telensed by decay (uason, 1971). Respiration

of aninals and plants, ana photosynthesis of Plants cycle

o -~

- oxygen _and- casbon dioxide.

Gases teleased over the oceans. and continents are dne

o

to biological nctivities or. evaporation. pa:ticulates need

b'g lechnaical energy to be entrained 1n the 7atnospbete. R Ait
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bubbles imn foam and sea spray from breaking wavos produce
sany particulates over the oceans, and agticultural
practises can greatly accelerate the wind scavenqging of
soil. Sulfate, chlorine, potassium, s0dium, aluwinum, iron,
phosphorus, and nitrogen have all been found {n airborne
soil particles (Junge and Werby, 1958; and Gorham, 1975).
The concentration of a wet-or dry-deposition sample is
related to the 1local soil composition, the available
mechanisms for entraining the soil, and the deposition
mechanisas. High éoncentrations of pﬁgsphorus have been
relaQed to rich soils (Kerekes, 1973). Cultivation in the
American midvest is responsible for highly alkaline
" precipitation samples there (Junge and Werby, 1958). Severe
storas can entrain large amounts of soil wvhich causes large

. loadings, but long-range transport of soil particles is more

efficient wvhen there is little precipitation.

Conversions .in the ataosphere can vary the
concentrations of diféprent compounds. Sulfur dioxide
reacts vwith wvater ¢o produce sulfuric acid which in turn
combines vith a-lgnia to produce ammonium sulfate, the aost
CORERON ‘aérdsol (Mason, 19%1 Photocheaical reactions,
particularly for nitrogen coupou?@s, are important. At high
temperatures nittié acid forss \1f nitrogen, oxygen, and
,vqter ‘are fptesént (Briksson, 1952), and lightning has been
Léonﬁldeted a source for nitrate by this reaction.
Bntéhinsqnff(19§§{ ’éostulated that 14% of thé nitrate found

._ in an Oklahosa stora- vas due to this source. Hovever,

i .

N

N
Y
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" Viemeister (1969[f:did’ not find "any correlation between
lightning: and nitrate concentration in New York State.

°

. N < .= . P . ;
associated with precipitation and precipitation processes.
" PR o i - . . ?

Rainout, caused by condensation of vater around. am aerosol
! »
nucleus, is  the nost eff1c1ent scavenglng mechanlsn

4(Pruppacher, 1973).' Other renOVal processes within. cloudsp

are Brovnian ' notion, coagulation- and the -waterfvapor,

~gradient effect»(Junge,'1963).

Precipitation ‘4falling beneath clouds - removes

contaminants by a process called washout. The relatlonshlp

between this process and radloactlve partlculates has been’

studled extensxvely (Greenfxeld, 1957). Each drop falls

through a volume of air, collecting a. fraction of the ’

Wet deposition  encompasses all ° sink mechanisas ..

particulates in that vblune ‘as a funct<6n of the droplet'

diameter, the nunber of particles that actually strlke the

_drop, and the number of partlcles that are retg;ned after,_

‘

striklng the drop (slade, 1968). . | ST

The rainout and washout of particles by snovw is about
; e v ’/
three times as effective ﬂas that,.by rainf for the same

.o

‘prec1pitation _rate (Engelnann,_ 1968). In Alberta, lower

c

sulfur concentratlons have been fqgnd in snow than in‘.rAin

(Klenn ~and Barlllot, 1975r,and Sumners and Hltchon, 1971).:\

The explanation is that precipitation rates in” _tﬁe” Alberta

k<

"vinter are,'luch snaller than during the rest of the year,

and gaseous absorptlon by snow is much less thpn that of |

o

’J . . N . ' ‘/’x

~.
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rain because the reactlon rates are reduced in cold ueatherﬂ
"(Engelnann, 1968). ' There is evidence also to suggest that! '

vconvectlve shoueys are the most 'efficient scavengersffl

(ﬁhelpdale and Summers, 1975).

Gases may also.be collected both in - the ZC1oud and
below it;’ The effxciency with whlch gases may. be collected
is primarily F functlon of the gas. - The solute gasf’
diffusivity' and egulllbrlun solubxlity of "the - absorbed gas
" in water are '1mportant,_ as well as ‘the _51ze of ‘the

collectlng droplet ‘and the concentration of the gas (Postma,

1970).

’ Dry ndepositioni occurs at’the surface ofathe earth.
The flux ‘ Na contaminant. to the surface can be expressed by-
Chamberlaln's (1960) expressxon (1.1).v _Tne' concentratron
"and dry’ depositlon rates are functions of the nixing'height,n
’nixing‘ | rates' - within the atmosphere,' and o source
concentratlons (Scrlven andgflsher, 19f5). Hhelpdale (1974)
showed dry dep051tlon to be a signlflcant contrlbutor to the
total loadlng.of~lakes. thtehead and Peth (196&) and Zenan‘f
and‘ NYborg :(197&)' ‘both showed that dry fallout '.was

1nfluenced nainly by local sources.’

Sedlnentatlon or grav;tational settllng is inportanf
gfor large (1- Zan) aerosol particles. ?articles entralned
'inA the atnosbhere but too snall to settle out are deposlted
by inﬁactlon. This ‘occurs vhen the flov around ‘an ohject 1s

“too sharp for entra;ned particles to follow.

o
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Aerosols coagulate, forming larger partlcles due to
.Brounian lotlon, ;odlffusiophore51s,_ Ahaf thernophoresis,'

'These larger particles are nore susceptlble ‘to removal by

'Athe Processes llsted above. :g 'u . \j_ﬂ

Gasesf'maY"‘be renoved by dlrect uptake by plants‘at
the surface or eVen the 5011 (Nyborg et al., 1975). Removal

‘can also occur to malntaln equillbrlun 1n bodies oOf vater.’

' Removal uithln the‘ atnosphere» has been _explained
fearller as a source and it is obvxous that it can also be a -
s1nk.f Gases dlfquLng upvards through the atnospheref can

: eScape 1nto space also..

|

‘1.4  Previous Work.o_

Precipitation chenistry 11terature lS very exten51ve

l~but,vfor.the,’nost part, :is not, appllcable to -nutrlent"

o loading"stuafes.;' VQllenweider (1968) notes three problems'

'wlthl.the llterature. The 'use' of dlfferent analytlcal
-]tecﬁniQues makes :conpariSOn *of'results difficult;‘becausel
the different nethods often give incompatible results., Por
‘linutriept loadlng studies the choice “of analyses -and

'nonenclature uased. nust be carefully selected., It 'is.’also

~inportant that applicatlon . of statxstzcal technlgues does

\:\

'not cloud the essential results. e

- thensive networks for precipitatlon ~chemistry were

7 established 1n 5candinavia, the United vaStates_and,'nore o

e ) ’ ~



recently, f'norid;vide by the World '_neteorological%
Organization (¥MO) .  The Scandinavian‘3ysten neasured.the
.ionic content Of\ rain and was particniarly useful in
deternlning industrlal effects (Erlksson, 1952 and Egner et
7 al., 1955). ' In the’ United states, a nationwide netvork

sanpled rain to determine .spatial distributions (Junge and

N Gu'tafson, 1956 and Lodge‘ et"al., 1968) . ‘ Both érograns
ﬂ ed"tne' need for global backgronnd data and a study of
yéollnv nt transport across 1nternationa1 boundarles. _'The
started aﬂ nonltorlng network to determlne the
niresi.ence’ tlne, background : concentratlon, andr global
distribution nof spec1f1c contanlnants ‘(o;son andtBerry,'

1 1975).

Ac1d ra1n can adversely affect aquatlc systems nainly
) hy changing the vater pH such that sen81t1Ve plants and -
animals - cannot surv1ve (Gorhan, 1975 and Sweden, 197]).»’In
Canada, the Sudbury ore snelters 5are 'respons1b1e for: the
' elinination of certain flSh specles and a general decline in

‘productiv1ty of nearby lakes (Beanish, 1975).

vAtnospheric nutrlent loadings ‘have been deternlned in
.England (Gorhan, 1961), New Hanpshire (Flsher et al., 1968)n
'and Iowa (Tahatabai ‘and” Laflen, 1975); t The',atnospheric

!contrihntlon>‘to-mthe 'total-loading of - lakes isysignificant

'rwhere the chen1ca1 veathering in the dralnage basin is lpw

(Gorhan,' 1961),i vhere the lake occnpies a 1arge propor.

‘of the drainage basin (nnrphy and posky, 1975)- or
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nan'SVinfluence-is‘suallb(Kragez’et al., 1972).

Despite ~ the -inportance‘ of nutrient' 1oad1ng, no
progran has sanpled all nutrient sources- within a. basin for
a total budget. . The = usual approach has been a detaxled»
»neasurenent of one or . nore nutrient fluxes for a specific

~1ake, conbined with a literature survey to obtain the

'conplete budget (Jonasson, Lastein and Rebsdorf, 1974y.

Nutrient budgets are’ calculated by measuring the lakeb
area. drainage ba51n area land ‘ wvater’ balance. | This.
infornation gives the flushing time of the lake, and 1nflow
and outflow rates. Wutrient 'sourcesv within the drainagev
basin arejlestinated as per capita loadings (Vollenwe1der,»
1968) or loadings per specific area (Uttonark et al., 1971)..J
,‘These nutrient loadings conbined with the phy51ca1 lake data

give nass budget 1 inforlation., (See.: ’%exanple,

'w'Vollenweider and Dillon (197“) <)

_'In‘ ‘British, .COlunbia, | a . nutrient 'balance vas =
calculated on the-; assulption;_ that theA atnospheric5
contribution a.s' | negligible (Patalas and Salki, 1973). a
‘sinilar study in vestern New !ork explic1tly calculated the
'~ntnospheric -contribution which wvas ~found to be small
‘,:(stevart and aarkello, 197@). At least'three‘ studies' have
afound the nutrient content of snow to be a- significant
contribution to the nutrient hudget.y,rhe- concentration o»

;total nitrogen inﬂ suow vas over tvice that of

livater (Dugan and scGauhey.'197n). “In Ontario,'tuo s arate
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';akes ;n ﬁhe Canadian Shield received 1large amounts of
‘ nut:ients in the winter chhindler and uighéuahder,,1§70 and

Barcia and Arastrong, 1971).



. ‘loraine.(B P.B.C., 1971)
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CHAPTER 2. ' . COOKING LAKE AREA STUDY,

MQ;J'SQQLiﬂs.Lessiléss'Stggz;

. The Cooking Lake noraine is located in central
~‘All':er':t“'a about  25ka- east -Of Bdnonton"(Fig. 2.1). Tne
-oraine, a relnant of - the Keevatin continental glacier,b
' consists of glacial till up to 25 thick. The original
coniferous forest uas burned orl otheruise cleared by thel
'ifirst settlers in the moraine’ about 1890 Since that tine
»lost of the land in the noraine has been used for grazing or
"has becone dec;duous forest . Today, the recreational needsfi

- of the city are bringinq increased developlent to the

e

'The“ﬂlakeS"ine-theifnoraine" are"subject to large

'jieriations in water level. These variations preclude -any

.large-scale develoPlent.s Lake levels ‘Were high in. 1880, o

‘l’i1900,; and 1960.- ‘but wvere 1low in 1865, 1895, and 1930

(anironnent Conservation Authority, 1971). in_ 1970, lake -

'ﬁlllevels vere low enough to curtail use of the Cooking Lake

'seaplane bhse. and at that tile, a petition signed by over

';,500 people- vas subnitted to the Alberta govern-ent asking'

Wforf_ action tof reclai- ‘vtne7f watershed _ (anironnent .

”?”Conservation Authority, 1974)- o

B

”An

econonic analysis of the costs and - benefits of av
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uater stahilization schele vas prepared in response to the'
petition (E.P.E. C., 1971). Water}i-portation froa the North

Saskatcheuan"-and .fron deep wells wvas suggested as posslbleb

”neans of augmenting lakevater levels. Public hearings- vere

held in 1971 to explain the proposals and to obtain public

input (Environlent Conservation hnthority, 1971). At that

_tile it becane apparent that, in addltion to the fluctuating

vater levels, the vater guality and grovth of aquatic weeds,

and algae were also problens.

A large interd;scxplinary project was set up in late

C 1971 to“ assess the ilpact of a vater-stabilization schele

and to develop a proposal for the conservatlon of t area's
fﬁésources. This project was separated 1nto seVe 1  parts.
' SO 3 co-prehen51ve land 1nventory and proposal for 1ah zoning,

detaxled proposals for spec1f1c water-stablllzatlon schenes,'

' and séveral studles of the current status of the lakes vere

-included (leerta anironnent 197“)-, At thlS tinev (July!

'1976), the projects have, for the nost part, been coupleted

A

'Aand are being prepared for suhlission to the nlnister of the

»anironlent.» e

The first section of _the aquatlc studj conSidered_

‘vater guality and agnatic veed and algal growth problens on
seven lakes in the Cookzng Lake Moraine Hlth particnlar”

1elphasis {on' the phytoplankton prinary? productxon. This
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teseatch ﬁns‘done on a grant to Dr. D.N;'Gailup _fton the
.Poilution- Control Division of Alberta Environnent. The
second portion of'the Studyb'yas"'é detailed investigation
-centeting on the' Hastings Lake area. Perticipants in the
dprogran were fron tse' Departnentst of Botany, Geographf.
eGeology,A and ZOology, of'the'University of Alberta. This
"was done on a grant to the iWAten\_Resonrces Centre funded
jointlj by niberta.znvi:on-ent-and lznvil:onnent'Camada_w

" The second ‘portion - of the study concentrated on

Hastings Lake vhere detailed biotic, chenlcal, and ’physical‘
'fsanpling prograns verev centered.' The aquatic life in the

_1ake vas studied in detail and chenical analyses ofivveter'

vere taken thronghont the year. In additA profiles of

tenp’“atute, conductz.vityJ and 1;ght pen ken
’ to descrlbe the ‘physxcal conditions';of th . The
_Geology Depattnent dt111ed a series 'of'ygells"eround.>the;
lake, which 'neasured vater flov and nitrient flux in the.
o ﬁsnrrounding acquifer.r studies‘otiime”'vatet‘“nse_ nnd snow

nelt/runoff were conducted by the Geography Departnent,

“This thesis describes 'a study of the atmospheric

.”conttibntion to the- nutrient loading of' these .lakes.

'"-&;thongh several atnospheric nutrient 16ad1ng stndies have

?heen done 1n vations parts of the vorld, there ‘are no data
fbr the~ Prairie Provinces.; NO other study has 1nc1uded an

5'ana1ysis of snch a vide tange of éonpounds and ions.

'M%thegfinal'tesuitgdf {heocogkinqn'L;xe _Aqﬁatiéf study
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vill be a comprehensive description of the existing
conditions of the lake. “It-jshould Also be possible to
understand the relationship between the aquatic systel and

local and regional land hse.

)
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the noraine.

23

CHAPTER 3.  HEASUEENENT OF ATHOSPHERIC DEPOSITION.

Atmospheric chenistry is a study of the natural and

artificial coiponentslof the"ntnosphere, the processes that

add or remove components, and the motion ¥nd interaction” of

these».conponents vhile-they are present in the atmosphere.

. Sampling wet and dry deposition canleetinate the amount of
material .beingt'added to the surface from the atmosphere.

lrhis project snnpled‘wet andndrj‘deposition~for some of the

common nntrients_ necessary . for plant _ productjon .in the

COokzng Lake loraine area ‘of central Alberta.
N B
' The sanpling progran vas set ap to study ‘the seasonal

»

/ rlatlon of nutrient loading, the relative proportions that

",are present in vet and dry deposition, the effects .of the

CIt’ _'nnd'\ neteorologlcal f,verlablesV on - the nutrient

i ooncentratiOns. and to give a total annnal loading flux for

the lakes in the Cooking Lake noraine. This 1nfornation has
not yet been studied in detail for the Prairie Provinces~ it

conld be' nsed to deternine a nntrlent budget for lakes in
_ y o .

-

n_ The possibility of contaninntxon is high becanse_fof

: he lov concentrations of nntrients in the sa-ples. It is

| iﬂportant that collecting procedures and egulpnent nininize

<
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the possible sources of dbﬁ@‘ni:;éion and that storage does

not change tne concentrations in the samples. Standard

analjsia methods of the l-eri}ah“ﬁnblic Health Association

(J971) wvere used to analyze the nutrients. It is expected
fthat berrors in the analysis procedure will be much smaller

than those introduced by ¢ollection and- storage (Galloway

and Likens,f1915). |

ST The wet- and dry-d99031t10n samples collected ver
analyzed for major nutrients and several vater properties.
Primary consideration wvas given to complete phosphorus and

~nitrogen tests. Total phosphate, orthophosphate, -condensed
'phosphate,‘ organic phosphate and total kjeldahl nitrogen
vere analyzed both in filtered and non-filtered forl. The
nitrate- and nitrite ions, allOnLQf nitrogen, and organic
nitrogen completed ‘the primary analysis. In addition tneb
ions of iron, silica, sulfur, potassiul, sodinn and chlorine
vere analyzed. _ Conductiv1ty, pH, total and filtrable
residues, total nardness and hardness as"calgiun co-pleted
xhe,water properties'neasured. A summary of the uethods and
nonenclature used is in Appendix A. | : »

K R ) ' N : -

The focal spoint.~pf the study vas Hastings Lake,
:llberta. !he sampling sites were located along a 1line
& ronghly parallel to the prevailingﬂwind direction, because

Bastings Lake is only 80 ka from the petrochenical plants.

> . -
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industries and other hq-an activities 1in Edmonton. One
station was located at Hastings Lake with neighboring-
stations at Twin Island Lake and Lindbrook in a rough line
vith the city (Pig. 2.1}; éne site was 1located on the
other side of the city, in Woodland park, as an additional

point of reference. The sampling sites are listed in Table

3.1.
Table 3.1 Site Description
Site Description Location
1 Uncultivated open field 9 km F of Lindbrook
: NE 9-51-20 wy
2 Wooded island, 3 km SSE of Deville
Hastings Lake NE 2C-51-20 w4
3 Woodland Park, 1C km WNW cf Woodbend
acreage subdivision NE-26-51-27 Wy
4 Open field (ocats grown) 1 km NE Twin Island Lake
NW 1C-52-22 wy
5 Residential area .. 78th Ave. off 10u4th St.

within city
r

If accgrate ‘rainuater concentrations are desired,
'théq<3eparation of wet and dry deposition is essential
(éiﬂ ﬁay and Likens, 1975). This is particularly important
for a puttient lo;dipg stﬁdy. Natrients in wet deposition
are readily aiailﬁble for-quuptic system use, but dry
deposition adds nuttients\ihat must go into solution before
use. A bulk collecéor:does not accurately represeh£ either
situation Lecause both vet and dry deposition are mixed

‘within the sasple. = B .
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o

Het4’aﬂd dry%déposition samples can be,rgépatated in
severhl vays. Junge and Gustafson (1957)’eiposed‘doliectiﬁg

funnels only during precipitation. -Georgii and Weber (1960)

excluded the effects of dry deposition by rinsing collecting

surfaces with distilled water daily. Large-scale programs

with many stations do not lend thenselves to | these manual
proceaures. //éo circumventr»handling~“problems, éutonatic
sampiers have - been designed' that open onlyb duting

_ . . . 7 . o
precipitation.- Unfortunately, these samplers can introduce

[

a whole new set of problems. ‘(See; for example, Olson. and

'Qgrry (1975).)

AR atmospheric {chemiStry sampling program has many

possible sources of errors. Among the known problems are:

7

a) Statistical sampling ?rrors -due td'_a limited data

‘base.

'B) Modification of samples by samg}ing methods.
. b

&

C) Local éontamination of ‘samples.

-~

D) Hddificétiqq‘ of sample by colleétionA,and storage.

materials.. e

_E) Sample changes due to storage.
ng_

Fr~cheqi¢§1 analysis errors.
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"Fifty-five/brecipitation sanples; - seventeen dty
deéosition' andf‘four'abulk' saow' sampies wvere collected :
ﬁetyeen 15‘Hay'1§7$,and'2 Nay '1376f ATime,' money, nand
manpowver restfictions' 1iiited ‘the “data base te’these
samples. ?he<pesu1ts may aot.be representative of the
long-tera normal conditions in the moraine. If_tbis,year
~ was ~ abnormally. "dirty%, e.g,‘due' to dlecal' road
cohstructioaAor unusually,dry.ccnditions, concentrations
‘could be higter_than normal. | |
Dry depcsition' can e occur by °sedimeﬁtaticn,9
1mpact10n, or gaseous absorptlon at the surface (Van.'der.
Hoven, T968) ; ° which ' makes its sampllng dlfflcult.

*Rinsing-anf exposed collecting. surface vith  distilled

3uatef. {¥hitehead 'and,'Fet#f”y jﬁeaSures particnlate.

‘sedimentatioh‘but does no' neasure~iapaction' or | gaseous
diffusdch;‘v Even as a ueasure of sedlmentatlon there are .
‘“ dszzculties assocxated Hlth the helght of the collectlng

,surface, turhulence caused by tﬁe sampllng structure, aud
“qcollectlng efflciency of the" surface- vhlch ‘can’ alter
fneasurid concentratlons. . Bigh-volume samp%ers can'be
nsed td neaSure air concentfations which vill estimate.
_d/9051tion ‘rates (1 1), if. the dep051tlon veloc1t1es ‘are

"kpovn (Nyborg et’ al,, 1975),)

e

Another approach to the problen has been to - nddel.

L

~ the - surface ﬁy  settlng ~oﬁt, sa-ples ‘with _knewn

fconcentrations and neasuring the change after' exposure.
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"~ This has been done v;tﬁ hoss (Nyboqg'ei al., 1975), soil, -
distilled vatet.'(ﬁhipley, 1975) and for a snow surface
(Batta and Le Clerc, 1934). A1l of these studies

examined the sulfur dry-deposition flux. -

The jatqosphe:ic' cohftibutions to Hastings_Lake
we:evsimulatéd hy exposing  pans (0.3m2)  of distilled g
_water set ‘up- on frames (Fig. 3.1). In“principle,_this

o

0.3m

e

Figure 3.10Dry,deposition'samplet

b

gy
- i

f;eihbd shdﬁi&:be capable of including the dry-deposition .
;fln§és  ane"to’7s§a;|§n;ation, impaction, a%QL gaseous
ﬂ §bsorpti6n prdcéssés,‘iférdb;eqs .renéin;” ho;evef. No
ﬁatgeipt’gaénnidébio'iBQé;,tﬁe phisicaifcharaéteristics of

' the water, Qe.gi,=tenpgratu£e dnd pH, vhich could™affect
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theﬁgnseous absorption‘rates. ZAlso,"t ulence caused‘by
‘the lip of'ythe | sanpllng _pan

' sedllentatlon and 1npact10n of parkicles on the surface.

Het-deposition [collector‘ 'should be designed so

thht-lsalples" largc -enough to| complete the required

-

chemical TnnalySis are obtained, :and~no changes in the

saaple occur as a 'result of-.collection. - A typical

automatic sampler can collect quential 300m1

samples us1ng a funnel (anea appr ely - 0 008gm2) for

"12 Gnmo of raln (Zenan and Nyborg,/1975). Splashlng water

from . non—collectlng surfaces: to \the collector can be al

problen, particularly - in jautonatvc 'samplers where a

'build~up ‘Of:.dust occurs (Gallowa and leens, 1975) .

organic compounds and pest1c1des‘ sho 14 be sampled on_n

,‘glass, whlle catlonlc samples .are best ampled on plastic

7(Galloway and Likens,u1975).

Wet deposxtion :was' collected _in thlS study by
nanually exPOSing polyethylene sheets (2.7m
'nt the start of precipltation. ~The polyeth lené-sheets

were -ounted._ at the four main , sites‘. mentloned

./'

_previously, on a vooden frale covered Hlth can\as (Fig.'

3.2). uanual exposure and the height of the
J
surface sinimizes contalinatlon due to dry dep051t1

ground splashing. : Tne large collectlng area’ was n

-

vlbecanse a conplete - sample ' required -~2uoonla;',‘The'

vlpolyethylene surface- shonld 3nOt contaninntelthe'ionic

could affect the

during or -

s, 2



|
) |

N

Figure 3.2 Wet deposition sampler

N\
L
v

fofis'that were analyzed. The metal clips that qlanbéa_‘

theﬁsﬁéét'tp tﬁg ftg!é”ddniﬂ‘be é Sbﬁfcé of,¢ontaminatibn:

hut‘”jésf_-bf.ifhé fi-e~the:cianp$Aw§ré'plaééa‘héioufthe

'.;6ollecting snffﬁée.‘,Pe:iodic'inSpedtiph\insured_that no
:confaniﬁation resulted £rom nhexpécted sources.

| s o S A'  N o - | B

- Summer  precipitation. - in . central -Alberta is

':ﬁssoéiated 'iaih1? Vith convective ShOweré-4 «soﬁgléy,.t 

' 1§7ﬁ).f vA -.obilewunit.wa$ﬁﬁsgd'tbﬂinterceptushbvegs'nd@.

| ﬁassing;dveri£hgjtéur fiied sité§;V°A édértér tonvpick~up

bb #ruckiﬁas{used'fot the mobile  u§it;“"'At_'thé> start  of

precipitation a polyethylene sheet (2.7m2) wvas placed on

-VIQ”HQQQéhTfraléflq#ntéd in the truck bed. Contamination
~ due. td; splash’ffop the~cébfya$>liniyized by placing the
‘1regr.fothefttnck‘iptO‘i§§ Hipd; lllr'salples:vcol;e¢£ed o
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byL the"nobile unit were within 1km of a fixed site or.

vzthin the city of. Bdnonton.

14

Fresh Snow vas collected in this study by sampling

o

the snov either during or 1nnediately after a sney fall.

' salples of dry deposition were ‘taken by salpling the

daysi after it had fallen and haa been

7sanp1ed--pre ously. The entire snowWw pack was also.

sampled to asure the conbination of‘ wetand ary

\ dep051ti_n that had accunulated. : Dnring the winter,
.hinals and soil scavenging are’ not a probles.  As long
‘ae' sanples‘ are collected away fron roads,"nininal

_odtaninatlon vas expected. .

- l-total of.ninety' sanples' nere analyzed (Table
.13.2 ,l Seventn six of these salples vere collected in the
;fi o The renaining fourteen sanples uere analyzed to'
invest e the varions sources of error, ,to}'check the
'chenical‘ cna cterist;csl og- the . water used in the dry"'
g deposition Sanpling,' and to deternine the vspecific
‘influence _'of" insects and, plant_ debris on ‘sanplej

concentrations.i

-é__ 5_2._93 eed A_l.zgig 2: - Samples.
Inlediate analysis of the sanple after collection“

,‘;is best._ becanse it elininates a11 possihility of a:

c ange in sanple concentration dne to storage._ nornallyAf

‘t is-?&s not’possible.- Salple concentrations may change



32

Teble’3.2 Summary of samples collected.

e

—————

JType of - aber of

sample - S . ' ~samples
: Vet depcsition ' ‘

R'ain o.oooooo.ooooooooo.ooooo0026
Sho'ets ....'..............‘...20
- Snpow ooooooooooooolooootoooooo. 8
Hail - ooo.oo.o-ooooooooooooooooo 1
Total .ooooo-oocoooooooo.oo.oooooooss
' : ° . Dry Depositicn
. In dlstllled vater - oooooooooo.o’s.
" In fresh snow cover LIC I I I B S I 2 ©
In accumulated snow cover ...., § =

Total ooo..oooooo-o.otoooocooooooo021 . .

‘ Test setples . ‘ o .

Dlstilled "&ter ....'t......".1o

- Ccntamination test 'eisececceces O

‘ Tota‘l ood'/:ooooooooooo-oeooc-a-o.oo1a

'-‘Total nnmber of sanples analyzed_,,go

£y

fdne to adsorption ‘and desorption of laterial between the
-salple and the ualls of ‘the container, chemical reactions
'vithin the salple fand. hetveen the sanple -and _the

P

icontainer, and

”-biological action (Goulden, 1972) .

s Linear polyethylene bottles are acceptahle - as.
lsanpleb containers that lini-ize reactions hetveen sanplezi
and container ‘wall (Gonlden, 1972). The other reactions
vithin the salple can be elininated either by adding.
n;lche-icals or hy 1ow telperatnre storage.a Althongh no
g_qnantitative' bresnlts were given,, freezing bas ,not
;recolnended becanse the phase change of the water '.195;

'3Saffect ftne';-vater 1 chelistry, particnlarly for ‘the

'ffphogphate end chloride ions (Gallovny and Likens,’ 1975).'

B Heter 'chelistry stndies in Ontario fonnd that individnal_“
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analyses could be erratic for frozen sauples, but that

the averages vere reliable. with the exception of Silica

(Arnstrong and - SChindler, 1971).

Conplete analysis reguired 2uoo-1 of water in eacb .
'sanple. The sanples collected _were,.stored in IQOOIl
linear polyethylene hottles..‘Salples'verelpladed in cold
o :/rrage (—10°C) vithin ‘three. hours. of.oollectionfand

tored, for not“over‘twovnonths, until analysis.

_Fifteen sanples'vereVincoaplete because the volume
collected vas too s-all for ‘a«‘Colplete-.ama1y51s. -The'
analyses. gertorled ‘vere chosen according to an analysis
briority-sohene'lrig. 3 3). Biltration 'was' perforled_
_after Atbe ’saaples» vere thaved, using a 0. uﬁﬂa uembrane

filteri The naterial that passed through the filter vas.

defined as "soluble" (Goulden, 1972).

“Thel rest of the' analysis, done by ‘the Water
Chelistry Laboratory, Departnent of - 20010gy, University
.of Alberta, followed procednres 1isted by the Anerican

Ef’?uhlic Bealth lssocxation (1971). " These “methods ave
detailed in lppendix l. | | ’

3'\ ’rbef saapling progra- used collectors that did not
have'shields to prevent contaaination by birds, insects,

’ and plant debris. ’ the',wet—deposition collectors»were”
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exposed up to several'days.ang were checked ofpen,' vhich
minimized contamination. The dry-deposition samples were
_left qnattended for long periods of iiie and many insects

wvere found in seyefal samples. -

: Aitegpts‘ we-e made to renovefloSt of the nate:ial
heforelstoraée, but 1t uas 1nposs1b1e to reeoie 'all“of
*'the debris._'vrhe  first step in the analjSis_ vas a
 filtration with a 0. u%y-éienbrane filter. . This should
"have :reloved all of the partlcnlate natter in the sanple‘
that could have caused contalinatlon. The possibllity
.thatv partlculates-had ‘broken dovn before'analysisthould
 not be discountéed. | |
a{Tio»»drj}ﬂeposition‘ sasples Qere feioved"varo-
A-COnsidefatiOn _Yio any calculations‘ because of gross-s

\"contanlnation~ -one by raln, the other by a b1rd droppinq.

~ The blrd-dzopping salple_vas analyzed and it was found to

'have a total phosphate concentpationm,tea times ‘higher '

.than -the_ ue:t highest ‘sahple;' Because no conparable
B conCentratiogs ’vete,vfound_4in~-othet sanples,'\it vas
asshneaethat'ho other bira droppin§s uere'p;esent; |

o .

('~An eiperilent was 'tﬁn to study the effect of

insects and plant debris on the dry ‘aeposition saiple

.’concenttation. Ponr sa-ples ‘Wwere ana}&zed in the
o »

_‘experinent.- The first vas’'a 'standard test of the water

. 2 _
' and polyethylene sheets used. D;stilled water was placed

:>on the test surface,.botgledp aod'frOzeh befote?analysis,'
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Ths rest ‘of‘ the experiment consisted of three closed
basins vith various combinations of insects and plant

debris (Table 3.3). The samples were collected after 67

.
e

Table‘3.3 Samfle sunvigy of,pontaninat?pn test.

Sample Description

i

" sample 1 12 insects! added at intervals
~ A1l removed at.end of test.

Sanpie 2v 11 insects! added at intervals
' All left in sa-ple at end of test

Salple 3 S0 plant fragnentsz added at intervals
. All left in sample at end of test

-

_Sshple 4 Test sanple for water

' i‘Insects ipclu&ed psséuitoes;'flies,;beétle and spidqr.
.2 plant fragments included seeds and leaf fragments.
BburS' ofj éxposute,“;froien .iinediately,v and snalyZed.'
Sevepél days lafss; ‘ a ! | | |
_ ihe fav ‘data (Table 3.4) ivere "corrected" by
B subt:actings'qpt ‘the 'original test sanple, since it was
:assuiedtthat all the.. sanples had.»the_ same -originall
 cbhcsniFationﬁ" pefinlte effects were found for total
sphOSphafe.}'osganiclr phosphate, ‘ fiitetable;:_sondenséd
"phosphstegp:shifaté,-'and total hardness. - The-co-plex
;phosphgtus ¢lednnds in £he‘insects and plant .nsterialgp

[

' are ptohahly ,tesposible - for ;”fhe~ high phosphate

-

i concentrations, hut the other effects ‘are not__readily

._explaiqsd.
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mable 3.4 Contanination test data
v\ (mgf-1 unless dtherwise noted),

. ‘Insects Insects Plant debris Test
' . removed remain remains sample
(1) (2). (3) ~(4)
Total phosphat ~0.19 0.42 . 0.53 - 0.18
Orthophosphate - 0.13 0.05 0.05 <0.05
Condenséd phésphate 0.01 0.29 0.20. 0.18
Organic phosphate 0.05 0.08 0.28 0.0
. Total kjeldahl nitrogen 0,37 0.42 0,30 0.24
- Ammonia nitrogen 0.02 0.04 0.01 0.02
‘Organic nitrogen 0.35  0.49 . 0.29 0.22
Nitrate nitrogen 0.0 . 0.94 0.0 0.04
. Nitrite nitrogen 0.003 . 0.002 0.006 0.001 - -
Silica ion 0.29 0.30 .. 0.386 0.23-
Iron ion 0.02 0.01 0.02 0.02
Chloride ion \ 2.18 1.64 1.64 3,27
Sulfate iom- L\ me== 2,00 2.00 0.00
Sodium ion T 0 06400 0.00 0.00 0.00.
Potassium icn - 0.00 0.00 -~ 0.00 . "0.00
Hardness as calcium 0.00" 0.090 - 0.00 - 0,920
Total hardness . *6.C0 - 6.00 25.00 - 4.00
PH (log H*icn conc.) 6.20° 5.26 - 6.16 6.37
" Conductivity. (/(nhoscm-trz 3 . 5.8 2.4 2.7
-Total residue ‘ - 0.00 @ 0.00 - ' 4.00 4,00 -
"Filtered salples-_ I S . “
'Total phosphate . - 0.14 . 0.30 '@ 0.29  0.18
- orthophosphate i <0.05 - <0.05 <0.05 : <0.05
. Condensed phosphate . 0.10  0.08 . 0.07 <0.05
- organic; phosghate” = 0,08 0.22 0.22 - 0.18
Total kjeldahl nitrogen 0.18 ° 0.40 0.27 0.24 °

,Total residne' .. .0.00 0,00 0.00: . 2,00

1

. The . two higiesf.res§1£s vere averaged to ohtaip’éf
saiplevtepresentﬁtivé of -oderafeli high céntaiingﬁ}qn
and ‘nor-a1 handllng. -. The aferaée flux wvas alsQ

'“calculated~§nd has been nsed to deternine tpé maxinus
teffect of the contalinatlon on the concentratzons (Table
3 5),, The first three coln-ns ‘list 'the 'changes ‘in

‘ concenttation cansed by the contalinants added to each’
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Table 3.5 Corrected contamination test samples (mg@—1),

g; 1 2

3 4 5 o
Total phosphate 0,01 0.24 0.3! 0.295 0.62
Orthophosphate 0:"10 0.02 0.0 2.02 0,04
Condensed phosphate -0.17 0.11 0.02 0.065 0.14
Organic phosphate 0.05 0.08 0.28 ° 0.18 . 0.38
Kjeldahl nitrcgen 0.13 0.18.  0.06 0.12 0.25
Ammonia nitrcgen. 0.0 0.0 -.01 -+ 005 ---
Organic nitrogen 0,13 0.18 0.07 0.125 0.26
Nitrate nitrogen -0.03 0.0 -.03 -“e015 ~w--
, Nltrite nitrogen 9.€02 . 0.001 0.005 0.003 .006%
Iron ion ' 0.0 -0.01 0.0 " -,005 ---~
- Chloride ion -1.09 -1.63 -1.63 0.0 ~----.
Sulfate iom @ oo__ 2.00 2.00 2.00 4,20
Sodium icn 0.0 VYV 0.0 0.0 0.0 ----
- Potaésiun ion - 0.0 0.0 0.0 0.0 i

1. Sauple exfrosed to insects, but all were resoved before
' analysis. o
2. Sample exposed to insects which vere not removed before

before analysis.
4. Average of columns 2 and 3.
5. Lverage annual flux for columns 2 and 3 (ngu‘z) /\\\

analysis.
3. Sample exposed to plant dehris vhich wvas not renoveéid

/ . " ,
: , - . I3
.- concentration of the exposed sanmples. Iif the

concentration of the test sanple vaS’larger than the -
concentratlon of the exposed sa-ple, a negative dulber
’erésnlted. The' chlorlde ion was the lajor _problem-in this
regard because ‘all three ‘colulns are negatiVe. ‘This
ilplies that the test .sanple ‘vas, cortalinated wite
chloride, probahly due to inconplete rinsing of the

_satple bottles ;;ﬁar the acid bath.- - -
. N ) . ] o . ) } ) . *.,‘
: Colunn 48 is an average of colunns‘ 2 and. 3 “and

represents the change in concentratzon ogused by serious

»

NS
,contalination from these sources., Table C-8 (Appendix ¢).

._‘«,_ R - ) . : RN
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lists dry deposition sampling data, including
contamination on a scale of 1 to 10. The samples were
scaled on the basis of the organic material present. Low
values cofrespond to "clean" samples with few organic
fragments presant.‘ The cpntanination represented by
column 4 of Table 3.4 is equivalent to 8 on that scale.
The ~last column gives the contamination flux for our
saaplers on'the basis of the test. If these fluxes are
ccuéared to the average fluxes calculated- using the
"summer dry deposition 6ata, it will be seen that five
constituents have centanination fluxes greater than 10
percent of the. total flux. fTHtal phosphate (28.2%),
condensed phosphate . (15%), organic: éhosphate (30.6%),
‘silicon (12. 1%), and sulfate (18 9%) are the constltuents
that have 1large contan1natio% ” fluxes.igg The other

. b}
constituents vere not affected sxgnlfic‘lﬁix by serious

nt;

contallnatlon of the sa-pLes with organic ia;.

- - &

a N

’3.& 2.1 Deposition §e.2.l;zs Procedure Test.
Dry dePOSitiOn.uas salpled by exp051ng distilled
‘water. A test sa-ple vas analyzed for each set. of dry-
‘deposition sa-ples. Thettest sample was treated 1like a
dry-aepdsifian saiple, i.e., it uas'transported, set>out,
taken lin,‘ stored, add’_anaiyzed exCeét that it was not
~exposed for more E than- ;ten q minutes. The mean
'.concenttationsv ef- the test salples and of the dty-

deposition sa.ples were tested to see if there .ias a

-
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significant hdifference after exposﬁre kTaBle'3.6);. This"

‘Table 3.6 Comparison of dry deposition and test samples.
(A11 averages arée in ngﬂf'unless_otherqise noted.)

T-test

0.72

0.50

Constituents - Dry ) Test
. deposition sample comparison’
‘mean wean ‘
Total phosphaté 0.371 0.203 0.025
orthophosphate 04120 ° 0.013 ¢.C05 .
Condensed phosphate 0.1 - 0.071 0.10
¢trganic phosphate : - 0.138. 0.124 0.25
Total kjeldahl nitrogen 0.851  0.167 0.0€05
Ammnonia nitrogen 0.350 '0.081 0.025
Organié‘nltrogen' 0,501 0.091" 0.025.
Nitrate nitrogen 0.030 0.014 0.025
‘Nitrite ni¥rogen - .0025 _.0.003 0.05
Silica ion “04723 7 0.531 .0.10
- Iron icn - 0,116 0,02 0.C005
‘Chloride ion 3.23 ~5.21 0,025
Sulfate ion 2.31 -0,00 0.005
sodium ion - 0,085 0.067 0.10
Potassium ion - 0.200 0.056 0,005 -
-Hardness as calcium 0.214 0.00 0.25
Total hardness ' 1901 13.4 010
pH" (log of H* 4ion conc.) y, 6.09 6.37 0.25
Conductivity (ﬂﬂhoscm”l) 15.6 2.02 0.0005
_Total residue . -6.11 2.23 0.25
bPlltered-salples ’
. Total phosphate: ' 0.081 - 0,150 0.C5
~ ..0rthophdspahte 0.248 0.005 0.025
' Condensed phosphate , 0.054. - .0.038 0.10
. Total kjeldahl nitrogen 0.385 - - 0.120 0.0005
" -Total. residue : - :

“0.40°

Arrtest statistic é”

“Atransfd@hation~ of

calculated

.e_-f

.. that ‘the ~population

dat:a(l\i1 This

distrlbutlon

S o

~

after - a

e table llStS the rav-data neans for comparison, but the ‘-

=

1ogar1thn;cl

o

transfornatlon is

is_vroughly nornal

’l"approprlate for precxp;tatiou c enlstry data and ensurésf

k&
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) ) i - r . . -
(Gorham, 1951).' The t—test;co-parison column lists the
Significance leéels- vhich, “ when nultiplied by 100, are

g .
the percentage probabilities that the difference betveen

“y

the sample neans could be obtained by chance. ~ The t-test

'results shou that nost of the sanples are 51gnificant1y

-

—different (P<0.05) or extrenely .unlikely to have been

‘,taken fron »the 1sanef population (Panofsky and Brier,‘"

1958) .

The 1nsoluble particulates. that conprise A'the

”filtered total reSidue are .very snall because they nust”"
be able to pass through ‘a 0 nﬁﬂm filter.. Particles with- =
dianeters v7of'j_tﬂn‘,forf less _1are; not affected by f"

*~‘sed1nentation processes, SO dry—dePOSition-J exposure

should increase the frltered total re51due by 1npaction;*

fonly.. Inpaction is only inportant 'OVer ;rough terrain.
' thas the filtered total reSidue should not be,high (Van

tder”goven, 1968)._

Condensed phosphate and pH Aare"not »expected 'éQl

“i;chang mach n' the basis of local sources.“ Detergents'u'

are t#e -ain ‘source of condensed,phosbhate,‘and no' 1ocal“

) sources exist that would increase the mospheric load.

fﬂ the’ pB relains 'relatively ”wconstant because "tHO‘

*»‘conpensating 'qutors _a :, to change it.« 5011 particles

H-iloaaed tg the sa-ple fare basic ,and carbon dioxideu"

i

}absorption‘ frou the atlosphere :iSfean; acidification o

'“:process, so the tvo tend to balance each'other..fj
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Chlorides and filtered total phosphate  are
‘significantly different in anA unexpeeted‘auay. - The
limited data set (contrlbutes to this problem. ' Both
constituents-have'one‘high sample‘that raises the'average '
significantly, altﬁo;gh removal of'rhisAsample stiil-does,
\not .give‘a dry—deposirioh'nean higher than a testfsanple
neen. The chlorlde appears to be due to contamination,
probably in the 'uashing proceeg when hydrochio‘r‘ie._a’c_id~
| was_used.‘ The filtered,toialfphosphate"does nor appear
to "p: dueA'fo flltered orthophosphate ror cbdden#%ib

f[phosphate hécause both have larger neans after exposur Pk

b
N

ThlS uould 1np1y an organxc contanlnatlon source.
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- CHAPTER 4.  RESULTS; ~
. j, o
4.1 Total Atmospheric Flux.

The fundamental objective of this 'thesis vas to
'establish; the best estimates of atlospheric deposition of

ndtriehts in_cehtral §1berta for the period nej' 1975-April

-

1976. -The ,reSults Here extrapolate@ :in .an pattenpt to

estlmate the HVerage rate of deposxtloﬂ“ouﬂﬁp annual basis,
rand durlng the perlods of snow—cover aﬂé no snow- cover. ,Thet
rates of" dep051t%on ;ere also broken down 1nto:
deposxt;on”rflhxes. "The _ total ‘atmospherrc.

't— and dry-
epos1t;on wvas
‘hr6ken"down into four general“classes) (Snou,' 'liquid
on 'the'_ba51s of the processes 1nvolved.

haill Saﬁple'" included  in - the liquid

° Table - 4.1 1ists the raw-data means and t-test.
k-colparieons as.oalcﬁ;ated'before; for Snow versus non-snow
“1,ahd' for: shoders verSué'rain;' It is difficalt tO‘drav-nany

rconclu81ons fron these results. In‘geﬁeral, it,appears-thato

convectlve showers _ﬁre nore effioient' scavengers ‘than
synoptlc rain storls. The snov-rain -eans conpare vell with
. th : Llherta :vork mentioned before, Qhut' the' phosphate

ﬁlconcentrations are pnzzling. No ' phosphate sources have been_.

I N
TN . . ¢ . . E Gl

i
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found to explain a vinter maximun. ‘j

bry—deposition‘_rates should be differemt in the
vinter - thah_ in the; sn-ner"for< tvo reasons. Gaseous
bsorpt{on is slower in cold seether'nnd localpbsonrces of
du t,“_e;g., Cuitivation;‘1constrnction'and traffic on dirt

»roods, are”rednced in the;vinter.' K ) - e
Table 4.2 shows the distribution of the. particulates

-in this salpling progral. Particulate is ‘defined as that

ort;on of the total removed by filtration through a 0. u%kl

» nbrane fxlter. Several of the results are probably not .

- gnxficant hecause of the ‘small sanple size.< It is

' 1_portant to note that both dry—depositlon categories have»

vhl_heqwmpartrculate precentages ‘thnn’ the ‘ correspond;ng v

‘pr'cipitation categories nfor ail' constitnents;‘ This isA;
A ected ‘because the‘: perticuiate proportion  of | ary
de] osition _;;s~ relntiveljfiiore 'inportent than that of

pre ipitation;;

The different forns of phosphate .and"nitrogen 'are
jind cators of the portion of the. total that is available for

use by organisns (Table 4.3) Orthophosphate 1s the most:

tant phosphate forn, and allonia nitrogen is the lost
"tant kjeldahl nitrogen for-. uore orthophosphate vas
in the sn-ner: prei{pitation ‘than :rn snov but the"
}itef’vas trne for':nitrogen. ‘ There was -ore organict
hate and alnonia nitrogen in the dry~deposition salples tr

_.}se of contalinution by organic -aterial.

3
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.The. . concentrations of the Various COnstituents An

o precipitatxon Here converted to fluxes using meteorological

data from clx-atological stations surrounding the lorarne

Table 4,b4a ueteorological sumparies Hay 1975~ April 1976.
(After Atnospheric Environnent Service, 197 Sk, 1975c)

: Honth '\kﬂours of  Hours of Total precipitation
. ‘precip:. dry deposition TrTain snow(w.eq )
L - ' (mm) : (rn)
“May 1975t 167.4 636.6 44,5 0.0
- June 1975t 106.4 " 513.6 - 95,8 0.0
July 19752  65.5 . 678.5 L 46,2 . 0.0
Aug. 1975t  96.5 ~ 647.5 ~134.1 © 0.0
Sept.1975t 31,7 688,3 8.3 - 0.0
.0ct. 19752 69.5 - 674,5 9.0 , © 10,1
- Nov., 197S2  120.0 - 600.0 T ] 6.2
Dec. 19752 221.5 . = 522.5 1.0 i '35.4
Jan. 19763 138,0 '~ 606.0 T 13.3
Feb. 19763 163.1 = 532.9 T h0.5
-Mar. 19763 86.5. @ . 657.5 . N A 1.9
Apr. 1976*  50. o .670.0° 7.7 4.8
N . ’ N . . N -
Totals - 1256, 1 -7527.9 - - 336 6 102.2

z §£atibns’at Niskn,Ellerslie Edncnton,Nanao WCcdbend and
.~ Tofield used, - . , :

2 stations t Nisku,Ellerslie Ednonton Nanao and woodbend

used,

3 Statiomns at Bisku,Edlonton and Nanao used.

e Station at niskn used. - S

L4

3

'f(Taﬁie 8.4a and  rable 4.4b) . The estilates Dw (-g--z) of

'~‘fnonths frol

'3itota1 vet deposition vere ohtained for the sunner and winter

D-C P o mey

uhere Cw is the avefage -easnred concentration jlgﬂ‘?) in

- ‘. .
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Table 4.u4b Meteorological summaries May 1975-April 1976.

Continuous sncw cover
21 Nov. 1975-9 Apr. 1976

: Total tinme ..........................338“ hours.
'PrGCipitaticn time escsscsesesenscsce s/26e3 hours
Dry depositicn time cesssessscceascse«2657.7 hours
Total snow lﬂatet eq ) ‘oc.oooooo-o.c87 3mm
motal rain ..0....'..............0..' 1 o.-

Non- perlanent snow cover

1 May 1975-21.Nov. 1975, 10 Apr. 1976-30 Apr. 1976. .
: Total time -......-..-...-...........5“00 hours.
PreCiPitaticn tim ceosecsseesssesnse e 529.8 hours
" Dry deposition tine eesesvssscssssse s 4870,2 hours
Total snow (Water €Je) eccecccccvcsene 14, 7Tnm
Total rain .......‘.......'.........'3““ 6 '

nnnuai precipitation
R uay 1975 30 Apr. 1976 veceeconase lti7, 6mn

Long-terl nor.al oo.oo.oocoooo--.ooao“73 San
‘ oty .

o

"the razn . oxr 'snow sa-ples and P (mm)  is £héf't0tal
'precipitation (snow exp:essea as. vater equlvalent) for‘ béth}.'

; petiods., f5:'

~yy;ffbh§ﬂ.esti-ates DD (-gn’z) ‘of the dty dePOSltiOn on a

”;f;snov-free surface were calculated usinq _f

LD = CDV$T
K  i APTg -

'r-;;(a;zy__*

_ im:eqnation Co is the average -eQSﬁred ccncentration

nrﬂthé dty~deposition salples, VP 1s the average 

ff is the ti-e .

Edlonton i

;zfaxposed (IZ),ﬂ‘and 'rs is5 the 'average pan



l-saverage concentration in fresh snov was subt

50 .-

* The dry-deposition concentrations vere calculated by -

subtracting the concentration of a test sample from xhel

concentration of the vater after exposure. The

W

concentrating effect of evaporation is 'co-pensated -for by
using the average rather than the final collection sample
volume. The closest first-order weather reporfing station

. was used to determine the length of time of.precipitetion.
. (Atmospheric Environment Service, 1975c). This - vas

oSuhtracted' frou~ the total to deterulne the dry-deposition

txle for the snow-free period.

o
-

_The uinter”hulk’depoSition'DsTl.gn—zy wvas calculated
 using e T R -
Ce V. T
=_———_".
AT

Cs is the coucentratlon (lgﬁ—‘) in the snow’ sample collected

(“-3)

ifrou the ground, Vc is the average volune of snow collected

(2) as uater equlvalent, '? ; the. length of time - of
-;"perlanent" snov .cover (hours), Ag is the average surfece -
l'area (nz) over thCh the sanple vas’ collected and Tg '~ is the -
',average sulpling tile (houts).” The vinter-dry deposition

;jsalples can be divided into tvo type3° b Jk non-nixed.

fThe bulk sa-yles include _wet and y dep eition-'~The‘

;bulk snov salples to get the coucentration change due to dry'
"deposition.. Tvo _salples fbe: taken of‘,snov p:ewiously'

g es;upledmas f;esh'anw <with no lnteryeuing':pfeeipifatlon;.‘

X
’
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Both methods gnva very small: fluxes and could be usead

together vhen calculating the total flux.

Tnbie 4.5vliste tne total atmospheric fluxes, for -the

sa'p ing period. Ro attenpt vas made in this table to

_Table 4.5 Total atmospheric flax uay 1,1975 to April 30,1976.
(All concentrations are in ‘ngf-1 unless othervise noted )

Constituents Total No persanent Fermanent
- * ' 'aeolian = sSnov cover snov cover
R flux o : e
' (mgn—2) "wet dry " wet dry
» ‘ o % % x5 %

Total phosphate ’ 456 "17.0- 77.4 S.4 0 0.2
-Orthophosphate : 191 . 1.2 87.3 —4_ 0.1
Condensed phosphate ° 193 - Te.1 77.7 6.0 0.2
organic phosphate 238 11,5 84,90 - 4,5 0.0
Total kjeldahl nitrogen 1291 21.8 - 75.9 2.1 0.2
.Ammonia nitrogen , . 544 30.7 66.2 3.0 0.1
Oorganic nitragen - 983 - 13,3 85,4 1.1;7 0.2

- 'Nitrate nitrogen ' . 136 - 46,0 37,2 16.8 3 0.0
Nitrite nitrogen 5 18.3 ‘81,3 0.0° 0.4
Silica ionm " . 718 57.6 39.0. 3.1 0.3
Iron ion L 266 39.1 56.4 -  3.9- 0.6
Chloride ion - 2933 35,1 55.9 8.8 0.2
Sulfate ion = - 4895 .25.1 72.7 1.4 0.8
-Sodium iom - - 287 - 41,5 45,3 9.5 . 3.7
Filtered constituents _ e N
‘Total phosphate 362 23,8 68 6 7.6 0.0
- Orthophosphate .. 85 17.2 82.4 0.4 0.0
- Condensed fphosphate - 118 23,4 67.6 - 9.0 0.0
organic phosphate : 137 20.3 73.0 6.7 0.0
Total. kjeldahl nitrogen 595 .. '36.1 60.5 3.1 "0.3

correct tor the organic naterielﬂ'contaiination.- Such

: corrections~ nre shovn, in’ Section‘ 4.2..‘~Tb large dry-
. ‘ ;
=;;deposition percentages are due to Several- factors.  Total

_Lannnal precipitatton 1n central llberta is approxinately

;
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SOOII -and patt of the total %) comes  from localized
c0nvectiVe stormas. The total A%;Ldeposition - loading
decreases with an increase in total precipitation and areal
extent of the precipitation. Intensive bagficulture
ihCreasés the dry—deyosé\!on rate by dist?rbing soil uhich
entrains particdlﬁtéé (Uttomark et al.; 1972) .  This

lncreases the regional,dry-deposition rate.

4 Dry-to-wet deposition ratios for d&qferent areas“aré

~v'c0lpared to the Hastings Lakeé ratios in Table 4.6. The

-

,Table ¢.6_Ratio_6:'dty-to4vet deposition annﬁ#i fluxes.,

- Constituent ., o1 2 3 4 5 -6
Sodium. ion . 0.89 0.33 0.96 ~
'Potassiums ion . 0.89 1.61 o _ 0.84
Amnonia nitrcgen = - 1,45 ‘ 1.97
"~ Nitrate nitrogen : o o 1.08 ' 0.59 o
~O0rganic nitrogen : . S48, 23 ) 5.96
-Total phos

e L 3.40 . 3.46
L : . 0.82 2,75 2,78

Sulfate ion
Iron icn

NTotal precipitation 1872-- 1038nm 766nn E LuBmm.
1.’1Payetteville, eransas. (wagner’and Holloway, 1975)

2. St.. Louis, Missouri. (Huff,1975) =
.3, Madisomn,- Fisconsin, - (Kluesner,1972)

4. Lov pollution, Great Lakes. (Whelpdale, 197«)

. 5J° - High pollution,. Great Iakes.- (Whelpdale,1974)
6 rnastings Lake. - L o

a'

\{Q

e

ratios He:e calcnlated by d;viding the. dny—depésitibn"flwx'
“by the wet-deposition flux. The dry-déposition fluxes used -

ffi Tahle 4 6 vere all deternlned in dlfferent ' vays.

a’

n ”K1nesnet (1912) neasured the dry~deposition flux in the saié;h’
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way as vas done in thlsbproject. Ha@%er and Holloway (1975)
eXtrapolated measured monthly fluxes versus rainfall ddta
" back to zero rainfall per month. Huff (1975) calculated the
amount of dry deposition in bulk samples collected by using
measured wet-to-dry deposition ratios. Whelpdale (1974)

derived the dry-deposition flux bx using a Dbulk-transfer

equation  for the gaseous absorption process. An
exponential-decay equation was lused to calcqlate the
particuIAte loadings. It is_int;resting to note. that none
of these stuéies mentioned a correction factor for
conta-ination:

"Pprv the same length and amount of precibitation, the

* ratio shoulad decrease for ions cn samall partidfes. As the

p%ecipitation amount and ;ength'deéreasés, these ratios should
increase. Good agreement was found especially between the
measured rates in columns 3 and 6. Sodium and potassium ratios

in .columns 1 and 6 wére roughly 1 to 1. The large difference
: - _ :

 betveen the sodium and ‘potassium ratios of column 2 and

those’of colulns'1 and 6 is Ehspect because; sodiunm “is

*‘ﬂusuab;y associated vith Ppotassium avay frons ‘the coast (Junge

Vand vsrbyw 1958). N o
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4.2 Variations in thelReSults;i

- The estimates of ﬁ>ta1 fluxes are. dependent upon the

~variahles invoived in the calculatlons.\ Accordlng to (4.1),

P4
R

vet‘deposition varles'v1th the lean sa-ple concentratlon and,v
the anount'of precipitatlon. Dry depos;tlon (a . 2) is a

: functidn of thev-samplef concentratlon, the hours without

-

~prec1pltatlon, ‘and the average sample volume. Althouqh ‘the
;‘area of the sample exposed and the average pan sampllng tlne

affect the fluxes, neither should ‘'vary as much as the;'
. ~. - : , S
-others, e. g., the maxlmun wvater area and the " minimum water

=

;area dxffer only by 25%.

o

' . 3
.The major flux varlatLOns are due to changes in the"

-concentratlon caused by source changes and dlff“SlOﬂ- aThe
relatlve 1nportance of wet and dry dep051tlon is a functlon

;of the}amount and 1ength ‘of precxpltatlon.n These variatlons
. . )

"werg examlned by substltutlng dlfferent values for ’the,

amount of prec;pltat;on andl dry—de9051tion tlme 1nto the

'flux eguatlons (Table 4. 7)
o

The maximum and minlnuu 'vaIues vere >taken fron'*

o

graph of ten-year runnlng average precxpitation in the Sonth

Saskatghevan Rlver basf/T\TLongley, 1972). The 1ong-tern

s

normal ‘data\ was, for the Edmonton . Industrlal »Airport'

(ltnospheric Environlent Serv1ce, 1975a). The nornal value

calculated for the summer dry depos1tlon vas deternined by a ¢
ey

si-ple proport%gnglLA», i.e., it was assuned thatfthe hours

:of preaipitatxon were dlrectly proportlonal to ‘the nunber of

%
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‘days of_precipitation,_

An experinental error casts some doub&‘;on "the

'valldlty of the uinter dry-dep051tlon fluxes.‘ The average -
. ComeT ’
» surface "area (As) sanpled vas‘ estlmated, not accurately
';neasured and this area is v1ta1 to the flux (mass per nnit
‘uarea aﬁd unlt tlne).- Portunately, the uxnter flox was so
small that even an estlnetion error of 100%: has 1little

- effect on the total annual flux.

The  totel atnospherxc fluxes reasured for 1975-1976‘
band the estlnated mean annual fluxes’ are roughly ‘equal.
Table 4.8 compares the atmospherlc loadlng of nltrogen and
ohosphorqs Hlth _VOllenweider' ' (1968) perm1551ble and
dengerous"loadings. , The results show that the atmospheric

. b
contrlbutlon rs 51gn1f1cant. Its relatlve 1mportance in

: 5relat10n to other sources u;ll be exanined later.

The precipltatlon concentratlons are high but are not
foutsiie’ the ranges reported by Gorhal (ﬂ975) and Sandersi
'(1972).. The dry-deposxtlon results are conparable to :work'
>ii Hisconsin (Kluesner, 1972). 2he Atnospherlc Enmﬁ%bnnent
" Service of Canada .has “two wué Background .Air. Pollutlon
uonitor%ng‘f Ketwork . stations. located 'inj the; Prairie
Provihees; ‘vBch, sites ,(EdSQHr*_ Alberta-"ano - Wynyard,
{-’Saskatchevan)'.use a nodified thq ARC Mark Vv aotonatic
"léégxgcior to_Vsalble vet 'deposition."_ihe 'sarples’ are
.Eollected" ohce }e lonth and analyzed for some of the sanme

constituents as in this progra-.



Table 4.8 Nutrient loadings and thresholds.

I

‘ No permanent snov cover ‘
1 uay 1970 20 Nov. 1975 and 9 Apr. 1976-30 Apr. 1976

' Total P Total W
L - : {(gm-2yr-1) (gm-2yr 1)
Dry deposition ) - 04132 » 1.663

Het deposition T 0,019 0.266

- Permanent snow cover-
21 Nov. 1975-9 Apr. 1976

. Tctal P - Total N

‘ L (gm~2yr-1) = (gm-2yr-1) -
~.. Dry deposition w0 0400 S 0.0084
'~ Wet deposition ' R 0.008 ' - 0.049
: - o " 'Total P ' . Total N »
S (gm—2yr-1) (gm~2yr-1)
Total o o 0.159 1.982

Vollenueider's (1968)ﬂhreshold levels(lake mean depth to Sny

Total B Total N
(gm-2yr-1) ¢gm-2yr-1)
_ Permissible - I 0.070 L 1.0

Dangerous ) o 0.130 o 2.0

=
&

The ﬂHO data and data frou* this thesis are quite
conparable except for the chlcride and nitrate ions, (Tahle
,.u;9). - The high nitrate average for anyard is a result :ofi
one nonth!s;high concentration. It is reasonable,to assnle
that it.was caused rby'-local contanination. ‘The Wynyard
average nitrate concentration without the high sauple is 0.7

--g -1, The chloride average for Hastings Lake is also ‘high.

e

"It is possible that the HC1 used for cleaning the‘collecting A

surfaces and the sanplerbottles was not co-pletelymre-oved._

¥ ;)
]“1'

‘The 'chloride ion average is reduced to 2. 11 ngﬂ-i'

o .
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Table 4.9 Hef dep031tion averages June 1975-Sept. 1975.
(Allconcentratlons are in mgf—-1! unless othéruise noted,)

COnstltuents o ‘Edson Aaynyard~‘ﬂastings Average

‘ : » ' Lake Edson &

} Wynyard
- Ammonia nitrogen . 0.68 0.53 - 0.39 0.60:
Nitrate nittogen 0.38 2,69 0.14 1.49
~ Chloride ibn © 0.42 0.60 2.46 0.51
Sulfate fon- : 2.92 3.12 2,91 . 3,02
Sodium ion . | 0.45 0.42 o 0.16 - 0.4y
Potassiun ion S 0.57 0.62 o.46 - - 0,59
PE (H* ion conc.) 6.32 7.09 © . 4,81 6.70.

conduct1v1ty (ﬂlhOSCﬂ“1)15 8  25.2 . 19.7 20.5

s
4

fron 2.46 ng?*l if four saqples that were greater than 2

standard deviations from the mean are‘renoved (27, 28, 40,

54: Table Cf3). A t-test vas used to coupare" the nean (of

~the ofigihal. set wlthout the four sauples 1ncluded ‘and the

-ean of the’ four deleted varlables. "The chlorlde ion means

in the two salples vere not fron the same- populatlon at the

| 1.0005 sxgnifxcance level.‘ This ‘means that there is a

” SLgniflcant diffetence 1n the two sets, probably caused by ;

coqtaninatioq.

The pH of raingater'in egquilibrium {uithrjatmoséheric

f cacbon'dioxide'isfs 7‘(Gothan, 1975) . The difference in the

'pH"of the VMO samples- and the average PH in this study is

-ostly likely due to. differences in the salpllng procedures.
The wuo salples Qere collected Hlth the Wong sanpler 'vhich'

does 'not lake a tight seal with the salple contalner (Berrya
et al.; 1975). The higher earth cation concentrations (Na*

and  K*) 1ndicates ‘that this. loose seal allowed dry-
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-deposition contamination. Ther-higherv concentrations of

hese cations may have raised the pH;‘[Thellov{averaoe PH in

' the present study vas - influenced - by Vthe'-high chloride
concentrations, ‘but the difference of the pH leans ’betueeni
‘theh four contaninated sahples nentioned preViously and the
original set of four was not significant at the 0 10 level.

*_This shows that the chloride 1on concentration is not the

rd

lain cause of the 1ow pPH.

| PreVious_'inuestigations have found relationships
betueen the ionic conp051tion of prec1pitation and the type.
'of air nass, the season, the Cne interval betveen shovers,'
the type of prec1p1tation, ‘the trajectory of the air mass,
_and the strength of the uihd.‘i Twelve . different variables
‘were cho'sen to exanine the effects of the -eteorological
‘situation on the concentration of the sanples. Appendir B

lists all the results of these tests.

The‘ linear correlation coefficient was used because

it is a non—dinensional ‘measure of the _association 'betveen

tvo  variables  (Panofsky and  Brier, ‘-1958). "If the -

{ P
;

',correlation-:between’ the two variables is perfect the
‘coeffiCient: is' one.- When the correlation coefficient is'
ninus~one, a perfect negative correlation exists, and if itf -
-is- equal. to zero, no linear relationship exists betveen the'

‘iariahles. The linear correlation coe fic1ent may’ indicaten
that there is a relationship hetueen tuo riables, but’ this

variation -ayv'exist “becausel of the influence of a third

‘
RN SR
-
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- iariable.:\\ -
The results of- the nitrogen' conStituents' and the
correlation variahles listed in Table B—1 were chosen for
closer Scrutiny because of the p0551b111ty of a relationship

F:_petveen lightnlng and the production of nitrate (Table-'

g: 4?30).1 The t-test conparQ@@h of the nitrate 1on in raln and»

R

Tablglu 10 siﬁnificant'correlation coefficiente betveen_
selected variables and nitrogen - concentraticns,

Constituents Mean' concentratlon Signzficant co:relations
~ | © o AmggmYy)
, Shower Rain’ shovers Rain
© Total kjeldahl - - " '0.88 0,42 . 12,8
' ~-nitrecgen - - . : ' o
Filtered total 0.73 0.28 . 12,8 - -5,12%
- kjeldahl nitrcgen . 3 2 o
‘Ammonia nitrogen. * 0.55 0.21 12,8
~ Organic nitrogen - 0.39 0.21 -2,-9 121
Nitrate nitrogen 0.18  0.10 12,-4,3,8*
‘Nitrite nitrogen .002 «002 6 . 12,-9,-5!
" Number Parameter’ o : . . Scale maximus
2 Associated lightning . o ‘intense
3. Collection site . v ' : - urban .
o4 Storm trajectory . S rural
-5~ Wind direction = o rural
.6 . . Sadpling date < ; : : late in season
'8' - Contamination 3 o ‘ "dirty - A
9 - surface wind strength ' ~ 20ms -1
12' . Time since last precipitation 170hrs.y.

1 neqatlye nunbe:s imply a -negative correlation ccefficient.
_in"showets conpated _stot-s with 1lightning (shoversj and
-vithont (rain). Iitrate ~-eans in the tvo sa-ples 'vete

- differont (p<o ozs)._ I this is a tesult of lightnlng, ve
gnvonld expect that the» lightning var 11e (2) ~would. be

;;_signiflcantly co:nelated vith the %gﬂtrate concentration. '

-~
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Thisfvas not the'case for rain or shovers. Insteao 4the
'nltrate "~ 'concentration "15 shovers - was ' _correlated
significantly with an urban effect, '(the uore urban »the '
1ocati.on and trajectory of a shover, the Pigher the nitrate
conceutraticnx;_conta-ination; and the time since- the laet
preCipitatiou.h These;'results imply -that a storn'passing
_overftue,citynafter a. 1on§. dtj‘vspell will be high ‘in
_nitrote.v ) Inu  general, the lnitrogen. coustituents. vere
blcorrelated significantly with the length of txne Since' the
last 51gn1ficant prec1p1tation, and with the contauination
‘ Avariable.f This indicates that the nitrogen constxtuents are
xassociated.uith particul;tes that are éasily washed out and

areuaSSQciatedAuith'dry4depos;tion‘contamingtion.

'3u-3'§utr;ent'§g§gg§:
.The’ atnospheric defositioh‘fluxes-deternined in this
study can be used in a nutrient budget for Hastlngs Lake.
r,Budgets have been calculated in two ways in the past ' The
_first lethod uses nutrient-export fluxes for each source‘ of

:nutrients-iuithin “the' pasin.. "The other nethod uses a mass

'balance'7to tcalculate. the total annual nutrient '«load.A

v__fneither lethod is ideal, but both can give rough estimates

'ffof the conparative ilportance of each- source ulthin the 

:.The nutrient—export flux method - reguires a breakdoun

: of the area enco-passed by each 1and-use type vithin the

" .
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basin, an export—flui 'valuef for each of these land—use"
: types, and values for the lake area, discharge in and out of
‘.the laxe,band the population wvithin the basin (Patalas and
- Salki, 1973). uultiplying the area in the ba51n of each
land-use type by the export flux: gives ‘the‘ mass of each
nutrient added to the lake. A per—capita correction is
‘: added for hu-an population within the basin' (Vollenweidet‘
F'and Dillon, 197u),_'< The bndget is found by eunning each

'1source and subtracting each sink.

_Tnis{nethod Has”not ‘neen .used tin a' vater-deficit
region blike central Alnerta;»' The use of nutrient-export
ifluxes'fron nore hunid areas is not :econmended because‘
flthere ate 'such great differences in the anountsqof runoff.‘
JPor exanple, the nutrient-export flux fron the. same type_iof
land-use :and soil-type plots vv111 not be the sane 1f thei

' runoff fron one- is half the runoff of the other.j;'

]”*‘-f The lass-balance -ethod allovs for vari&tions in the .
'transporting nediun.5 This lethod has been used 1n a snallin
dtainage ‘area - with | 1ilited 'sources (SChindler E and_
'uighsvander, 1970), but. uith ninor nodifications, should bef
’usahle’ here. . A vatet balance is calculated for the lake
_using;. | u ” ‘
P+R+S E- Q [ ()

In this equation. Pis the preCipitation, R is- the “surface

runoff. s is the groundvater seepage,_E is the evaporation,f,af

’
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- ) . . . .
Q is the diecharge, and L ie the 1lake - 1level change. The
" incident éo;u-és"' of water added to the lake nultiplied by
‘the concenttations, either neasured or aéguued, give the
nutrient,~ mass S going into the 1lake. The balance is

. determined after the_sxnks are subtractead.

| The Thornthuaite and Mather (l957) procedure‘USed by
‘Lafcock (1968) in central'hlherta was‘useduté~estingte the
vater halance of Hastlngs Lake (Table 4.11).,"This°'nethod
estilates the volune enter1ng the:lake anduleaiing.the lake
'-based on cllnatic and land -use- Qdata. It has 1i;itationse
:'here’ because the total runoff 1s calculated from monthly
data; For exanple, preczpltatlon assoc1ated Hlth a sunner\'
rstofn could cause erunoff into “the 1ake,;_but because
'lfpreclpitatlon and evapotransplratzon are ‘averaged‘—over :a(i
nonthly tane.period, this procedure would'not shou,that;
.The dtainage—basin noundanies ane'hard to define. 1In
.LMperiods of high’ water, Cooking' and‘-Hastings_ Lake 'ate
.nconnected by streans. but thlS is not the case today. - In
~dthe7 pefiod uay 1975—Apr11 1976, “there were no pernanent
'.3streans in or out of Bastings Lake, although the:e _vas"a“
'brief flou during the spring runoff (D. Potten;_personal
connunlcation). : The calculations for this budget ihave
'assnned that during the salpling period and the long-terl-
i[nor-al period nsed in the tables, streanflov vag negligible
'and that the only sink vas groundvater flov. ‘This was given
-a; value requal to five percent of the the total groundvatet‘

T



<)

64

£¥90Lx50

. , ’ S c .

c¥90LX6Z°0° e¥s0L*L6°L 0 ountoa ayeT LH omnqau
cUsOLXG6E cWe0Lx6L°E €9s0LxnS '€ 80R3I0S' YT WOI3 goau.goma»m
cWe0Lx99°E cWeOLXOL"S .n-.orxma 3 609  Te3oq
. 0%0 c¥e0LXL9'0 00 . -cutg g°gz 6°SL  (d) - eInyseq
£950Lx10°0 c%eOLXhH°0 0°0 ‘ufh  8°ZL 8°L . (D) pevaTITMD
- 0°0 eWsOLXES'D 0°0 - ocuvoL  6°8h 86z  la) 358304
_88e0LxG9'F ¢WeOLx90"h JnﬁoOP‘ms € T : g°zL 8°L - (n) uyseq syeT
—TewJou R , TeaaT ®are (puwX) Toquis -9d43
8193-Hbuo] SL6L-ZL6L SL6L maauo.mm % esay dey- - esm-puer

*aoueTRq I33°M 9YeT SHUTISVH L[| °y oTqel

B



{65

flov because the outlet area is five perceht of the tétai.
, ‘ S '

It wvas assumed that all the surplus water in the 1972-1975

period left the lake as stream flow although the lake level

rose during the period.

N

The differeﬁt land-use areas were estilated from the
:land-use papv(ridute 4.1) which vés ‘baéed‘ on air photos
taken in 1972. LT£e4\1ake data were calculated by Kerekes
(1965) and modified slightly to match thé‘,pﬁysical data
(Table bu.12). C}ilafic data for the Intetnational Airpoft

Table 4.12 Hastings Lake physical data.

N (Kerekés,1965) This study’

"Drainage basin . ---- ' ~ 60.9km2
-Lake surface area 8.71kn2 - 7.77km2
" Maxieunm depth 7«9 ' N
Mean depth - 3.03n L e
Volume - - 26,U4x10%m3 23 6x106n3

L

(Nisku) vetefvnsed"fot’ the Thornthﬁaite tables - (R.

fﬁinterbp:n. 'dnpublishea‘ daté).-*'Pifty¢five_percent of the
tbta;_uate#‘volh-é évgilable ehtefs Hastings Lake as runoéf'
' aqd,_the oﬁher_fdrtyffiié?peréent enters as ground vater (F.
’Sdhv@:ti.’persoh;;‘cbjluhicaiionf,;,rof thé’purpoSeS'of this’
{stndy"5£realf16u‘ in Yéndv dis&harge .6dt vere ébnsidéréd

negligible. -

The atloéphefgc fluxes calculated in Section 4.3 vere

used in - the budget. Total phosphorus concentrations vere

'aégilable*fbr'-the  g:onnavater (P- Schwartz , . unpublished

data) -amd the lake itself (D. Gallup, unpublished data).
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AS a grosafgiproxﬁnation, a total phosphorus loading of

0 077g--2yr-\# - for surface runoff from an agricultural
wvatershed ‘andxﬁa grounduaéer loading of 0.033 g-—zyﬁﬁ‘
o (VU‘étOlatk‘ et al., 1974) , were used to estlnate the surface-—
runoff to groundwater-éeepage concentration ratid® For the
*purpbsesA of this-budget the groundvater concentratlon vas
assuled to be 40X of the surf&pe runoff concentration. The
sink teras wvere calculated usxgg\fhe measured concentration
of Hastings Lake in theospring'foﬁgghe streamflow out and
40% of that  figure for ° the. groundwater-seepage

concentration. *

« ) |
Table 4.13 115ts the total phosphorus budget of

Hastings Lake calculated'uusing the water-balance method.
" Also included are tvo ste%dy~state calculatlons that assune
ithere vas no waterrevel change in 1975 or over the ‘long-
term. Both wvater balan¢es calculated for these time periods
. shoved a water deficit~ - This was coupensated for by a
‘runoff and seepage volune large enough to reduce the deficit
"to zero. . 4 ) |

;frhe Aat;espherielload?is telatively'coﬁstant; but the
'tefal’lead is aeééﬁéént upan the volume of water availaéle
fiﬁ' the sp:ing.k If the’ sprxng runoff is large, then the
)-total Ioad teflects this with a higher value- ‘There Ais a
_ ‘li-it to‘ this effect. though. _Eventually, the'ruubff>u111
';.fill the basin and there vill be dlscharge fron the lake.

\'This da-pens the effect of exttenely h1gh spring runoffs.
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The le a physical_‘trahsport mechanism, ‘i.e., streanm

" flov  o.. of the lake, implies that the organic cycle within

the lake igbthe major total phosphorus sink.

The nutrient-export flux’ method was also used to

calculate tvwo vaJgets (Table “4.14). - The procedure

' Table 4,14 Nutrient- -export flux total phosphorus tudget for
Hastings Lake, '

__

Patalas and Salki (1973) method

Area of lake (Ap) . 7.8x106p2 - 3

. Area of lake drainage basin (Ad) 60.9x106m2
Ratio of basin to lake (A4q/A,) 7.8 :
Mean depth: ) . - 3.03m
Volume ' : : o - .23.6*10%m3
Discharge . i 0 .
Basin populaticn (C) ‘ ' : 10C0
Export of -phosphorus fram soil (Eg ) 0.01gn—2
Per-capita ﬁlscharge of phosphorus (E ) 1700 gyr—:
Phosphorus lcad fron soil ) 0.078gm—2yr—1
Human loading o , : - 0.218gm~2yr—1
Atmospheric : S ' 0.159gp~2yr—1
" Total - : : . . 0.0455 gm—2
Annual total to lake . 7 - | <} o, 3549 kg
Annual total from lake ‘i ;U «w_%gfﬂ% 0 kg

%

Uttomark et al. (1974) -method

Flux Area ' Mass
gm—2yr—t .10ém2 - (kqg)
-\

Agricultural land . 0%03 "23.3 699

Porest land _ 0.02 . 29.8 596
Groundwater ’ . _ 0.03 7.8 . 234
Atmospheric : A , 0.16 -7.8 .. 1248
Annual total to lake o 2777

Anhual tatal'frOl lake ' . 0

reconuended by Vollenveider (1968) and the nutrient- export

fluxes nsed by Patalas and Salki (1973) uere used uith ninor

~ . R

&
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'
°

\ nodification (an. atmospheric-flux term was added and the
streanflow tern uas”isubtracted).' The fornula for total

phosphorus (9) 1nto the lake (L ) can be vritten as:
. B . ) hd
Lp=‘%A“‘+ E°C,,,+ 'DAAO S (4.5)

AO ) . AO o o )
*where Ese=is the _export of phosphorus (gn-2 of drainage

S A, v
basin yr-1y), Ay .is the area of the drainage basin (m2), A,

'

is the area of the lake (n2), E. is;the‘per—capita discharge
of vphospborus ‘to the lake (g), C is the basin ponulation,
and .DA' niS‘ the total atmospheric depoSition ’Arate‘
’(gm—zyfrt) The . totalh flux calculated is iarger thaniany'
calculated uszng the balance nethod and comparable -only to
v'the 1972 1975 flux. The second budget a551gned fluxes to'
each 1and—use type withln the" basin, followlng Uttomark et’
al., -(197“). ~ The export fluxes shown in Flgure/1 1 vere
- used except ‘for the atnospherlc flux. The sources ~in this
budget are vapproxinately equal toﬁ the 1972-1975’water—,
balance budget. Both nutrientfexport flux methods use the
..streanflou og% as ?the'.sink. tera. The fluxes calCulated
refiain constant for a glven basin as 1ong as the. land—use"
v1thin' the basin does not change. ThlS assumes that the
runoff and groundwater flov are constants. Note that the

'best agreenent between the flux— and balance-nethods occurs

for years uxth appreciable runoff.

, ghe %tnosﬁheric contribution to the total nutrient'
~ budget is listed for seven different budgets (Table 4.15).

'This table delonstrates tbat the atlospheric contribution is ¥

. B
e
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’Tab]e 4.15 Relative atmospheric contributions to the total
: phosphorus budget.

—
Method © Time Atmospheric Total
- , ‘ period _ (%) (kgyr—1)
-Nutrient-exgport f£lux? 1975 35 3549
Nutrient-export flux2 -1 1975 4s - 2777
Hater balance ‘ ' 1975 ’ 100 1240
Water balance 1972-1975 39 2766
Water balance . L-T-N3 : 92 1303
Steady-state balance 1975 96 , 1291
Steady state balance E L-T~-N3 , 80 . ~ 1498

1 Patalas and Sa1k1 (1973) method.
2 Uttomark et al. (1974) method.
3 Long-term normal.

. : . . ; : '
significant. It is reasonable to assume that at least half

. the total: phosphorus load in Hastings Lake is from the
atmosphere. This proportion varies with -the amount of

“runoff. There is also some ind#

Afon that the choice of
nutrlent-export flux- coeff1c1ents'1"hould .reflect  the

inadequate transport nechanisms in A;y regidns.,
. . /,//
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CHAPTER 5.  CONCLUSIONS.

5.1 Atpospheric Nuytrient Loading in Central Alberta,
The wet- and dry-depositioh values deasured in this

study are“an 1nportant part of the total nutrlent flux into

Hastings Lake. The‘atlospherlc contributlon is over .half

"the total. This proportion varies thh the anount of spring

-

A)runoff, uhich inh turn is related  to, the amount of

precipitaticn. ' ' " - | - “éﬁ‘

The,atniﬁ eric(total- Phosphorus loading exceeded

vOllenweider's_ (1968) threshold for dangerous lcading and
the total’ nltrogen approached the sale 1eve1. Thls 1mplie5'
that water treatment of anthropogenzclsources in»the'hasin,
‘vill not be . sufficient alone to reduce the nutrgent loading:

'to non-critical 1evels..‘ The - 1arge ‘values appear to he.x
‘oaused,by‘nap. Agr1cu1ture vas thought to be the cause of
similar .high concentratiohs.in the nidvestern United states
‘(Junge andeerbj;,1958) and in 'vestern 6ntarioh (Kerekes,

'1973f. 'Pertilizatioa;'probably contributes to the problen,

but. it is not ‘the nain factor (J. Robertson, personal

connnoication). Therefore. it seels litef} that cultivationrev

‘ehtrains Hparticulates into the atnosphere, 1ncreasing the'

atiospheric‘depositionfrates.

The atIOSpheric contrihution has been . shown to be

\t\-
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sig iflcant vhen the 1ake~occup1es a large proportlon 5f the

drainage’ baSin (Hurphy and Dosky,1975). These results show

that the effective catch area of the basin is 1npor§ant in

vatat-deflcit regions, | because nutrients can ioniy,ﬂ.'b‘e_

.exported wvhen there is uatet avallable to transport then.
’

_ The atmospheric contribution increases in 1-portance as the

total water volume into the lake decreases.

The"nntrient—export flux cogfticents chosen must
reflect the. inadequate transport mechanisms in centpall

: Alberta. The water-balance lethoé’ uSed

coacentrated dnring ' sprlng vrunoﬁ'

atnospheric contributidnm is ilpor"f ; ";aqse most of the

:~.dep051tlon should vary nuch due to this factor. -There,}s no.-

heck the actual neasured fluxes to‘%ee 1f they are-:

without lore sa-pling. This should be kept in ‘mind

data ard’ qse&gilsevhere.




5.2 Dry Deposition.
Dry deposition. lS' an important loadinglérocesS'in
central Alberta. It was a significant factor in the total
atnospheric —load' of the phosphate ions, the hjeldahl
~ nitrogen ions, and the sulfate ion. The inportance of dry
‘deposition, relative to vet.depositiOn asaa reioval process,:
is related }to -the' dry continental <climate. The annual
'alount of precipitation and the total number " of days .with
significant~ preclpitation‘are‘Slall, ‘Bot&’factors decrease
the aiount of vet deposition relative to‘ more lhunid
“Lclilates;" . Even the type of precipitation favors 'dry
deposition.‘.ConvectiveAstorns in Alberta are frequent and
are efficient removal mechanisas because the 1ntense raln
uashesLout;hoﬁfﬁﬁuspended partlcles‘ But they are localized
t.and often are associated with gusty wlnds. For each area
_that "is ' da-pened on the ground decreas1ng~ the wind
scavenging of soil, an addit&bnal area: has strong wlnds and ai

more than norsal soavenging.

| Dry depositlon durlng the pernanent snow cover perlod
~vas nuch less than during the snow—free period vhich inplies
a surface source. ‘The most lzkely sources in th1s area are
;cultivation,_Aconstruction,' or any other 'activity that
disturbs : the"Asoil ‘and entrains particulates into the.
‘:atnospbere. 011 and natural gas industries nay be a fac}dr |

- for snlfate (lyborg et al.,’1975). _ . _ <

- //‘*‘-«\a\
STy

' Théa;chta-lnationj test” gives »an‘indicatidn of the

bt



cbnstituents that are affécted.by iﬁsects and plant debris.

It is belieied that the measured dry—deposition flux with

the contamination flux rénoved is an accurate estinate of

3

the actual flux. It should be enphas;zed, hovever, that dry~

deposition measurement is a difficult problem with no silple

solution. o , o ‘/)k

- Table (4.9) 1lists the the dry-to-vet deposition

ra&ios. measured, ‘calculated, or estimated in  several
A : b : _ : ‘

different stndiéc; ' Thev-leasured ratios, colnmns 3 and 6,

W

' _the many - gﬁsunptxons ~ ana ' approximations -involved,
Hhelpdale's (197“) calculatlons (columns 4 and 5) reflect

the influence of pollution on  She ratlos. The ary-

s

'deposition flux estxaated by Huff (1975), column 2, used

‘ratios neasured for a foutteen-veek perf% to estimate the

vet-t to-dry breakdown of bulk sanples over an eighfeen—month

petiod. These ratios do not appear to be constant in this

s

study,'so that nay not be a good approxination.

Both anf (3935). and "Hagner ~and - .loway (1975)
@Wed bnlk salples. This procedute was 10t reconmended
for accurate précipitat1on chenlstry neasnrenents (Gallovay

_ ana Likens, 1975). The dry—de9081tlon flnx in column 2 was
A'awﬁstinated by extrapolating the flux (ﬂgcn ‘2I0nth -1) for
ﬁﬁihéevetal _earth cations and the lonthly rainfall back to zero

rainfall per lonth (iagner xand_ ﬂolloway, ~1975) . uonthly

dryrdepositioacijrates Qetcrlined ‘fiﬁ;-this 'ﬁay" iay’ be

:aré'the'bast'indicators of the ‘actual situation. Despite

{
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inaccurate bécause the extrapolation is dependent upon‘ the
low precibitation values. ‘The dry-deposition flux is also
assumed to be a constant wiih a decrease in the amount of
preéipitation, - The monthly dry-deposition flux is related
to the nulbén‘of days with no s%énifiéant precipitation in'a
month, so it nu;t increase if nne précipitation amount - and .
‘nulber of ‘days of precipitation'are positively correléted.
On this bnsis, fhe sodium and potassiun ratiqs may be over-

p

estimates not comparable with the Hastings Lake ratios.

5,3 Het 2329§i&19n4

»'wet and dry deposftion lcontributed equally to thé
_1oading df the ~SodiUI,' potass1un, and iron ions. This
result suggests that fnzbe ions ‘are aSsociated vith small

partxcles that are not égsily removed by dry dep051tion.-

he variations in the concentrations of the' sanplés
with indiyidual‘ storas 1is a complicated problen. Junge
(1963) states that; - | S o

Most of the rainwater data in the 1literature
refer to average values over a certain time
period, e.g., a month or year. The reason for
this is that concentrations in 1ndlvidual storems
vary . so: considetably with. time and amcunt of
rainfall that it is difficult to correlate - them
'in 'a ‘meaningful ' way with other meteorological
'Paraletersl. S o ' '

\

' ltte-pfs‘uere“nnde in this sfudj to .correlate individual

1 Junge (1963), page 311.
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nutrient concentrations with selected meteorological

para-eiers.,_ The simplest method tried was a t-test

_comparison of the means of different vet—deposition‘sub—

- samples. The comparison of the nitrate cbncentration:  in

storas with 1lightning and without lightning showed a
significAnt- difference. Further testing with linear
correlation coeffic;ents indicated that the n;trate increase

vas due to an urban effect rather than a lightning effect.
4

The most 1lportant variable in the correlatlon tests

' Was the time since the last 51gnif1cant prec1p1tat10n. This

,?i;plies that wvashout is  an important factor . in the

,,precipitation‘CheiiStfy of central Alberta.

Y



S

CHAPTER 6. RECOMMENDATIONS FOR FUTURE WORK.

’
/

The relat.ve 'ilnottance of the . atmospheric
‘contribution to the total flux of nutrients to Hasting's
Lake could be a result of a tenporaty local source. If the
water guality in any of the lakes in 'the Cooking: Lake

moraine is to  be ilproved by a water inportation scheme, .

!

this should be check . This progran has estimated that the

Ve

~atmospheric lux alo&?_is .ufficient "for dangerous total

J

~phosphorus 1c dingn. ,’pr ram oi’the same scope vould not
0l o

be ’ necessa Measurement of total phosphate, total

kjeldahl nitrogen, t

sufficient, but  both wet and dry deposition should ,
sanpled; ,;,-~ ‘ _ _ v ‘ ‘

P

A co-plete‘nuttient-budget measurement study vould

nitrate and nitrite ions would be

..eliningte'the need for nany\of the assnnptions‘comnonly used
in this and liny‘ other studies. In particulet, surface
runoff concentration ineesnrenents in the spring vould
1nprove the acourncy of .a budget for Hastings Lake. The .
Rresent nork suggests that,dry depbsition,uis an i-portant
- Process, but -easurelents of dry deposifion to bare and
4vegetated land and to a water sutface are _very difficult.
ISilnlation ot a11 relevant pPhysical properties of the lake-

needs moTre attention.' rhe contanination caused by birds and

\



insects is an additional problem that should be studied with
a more elaborate laboratory simulation and considered during

sampler design.

‘An expetiiental consideration of the ary deposition
on an entire lake or pond is recommended. Sanéling the lake
upwind.and dovnvind'vith instrulentation capable of sampling
particulates and gases would pernit calculation of vertical:
fluxes to the lake. .In addition, samplers sinxlar to  the
ones,used in this thesis set out on the lake would pteiide a
check om  the vertxcal fluxes and cn the collection
‘efficiency of the pans. ‘Note that sampling in the. middle of

the 1akeiuou1d reduce‘bLOIOglcal contamination.

It is recommended that in any future wvork the  number
of  samples Should be increased and the nusber oOf
constituents decreased. ‘The choice of the constituents

should be made on the basis of the purpose of the progral;

If‘-eteorologicai variables are to ge correlated vith
.the concentrations then guantitative measurements of all the
variables.shonld be made. This would eliminate the need fo:
subjective »scales. Air—-mass trajectorles should also gs

‘included in such a progral.
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L | 1 APPENDIX A,

Sanple Analysis,

" The chemical analjnis of the wvet and 4dary depoaition,
'sa-plas neagutod the conconttations of the major ionic for-s"~
-of - nittogen and yhosphorns~ tho ‘comaon ions of :illca. iron,
chloride, bsodiuu. and potassinl' the sqltate\ ion;  and
liscellaneous tests ot vater ptOperties (cohdnctivity,‘ pPH,.
.total hatdness,r and total tesidue). Co-plete sanples ve:e

filtered to obtain the "soluble" fraction_ vith \

“to thq ptiqrity schelq (Pig. 3.3) shovn in Chqptet three. .

” , Thé‘éhéiicaljanalysis vas pértor-edlﬁy‘the hnifqpsity
of llberta‘ Depértlenﬁ of 20010§y's vater labogatory
follouing the ‘wstandard uethods for the Treat-ent of Water
and Iasteuater'vot the. Anerican Puhlic ﬂealth Associationﬁ
-(1971)."rayle l-1 lists the nethods nsed A summary of the
’:angqiahd'accurgcy,in,the standard=-etho§s as. vell as the
*;zgggﬁtsrq§ Curwfqét'saupie§\}ollous in Tablejiéz._-
_‘}.-?.(;,- };<_5 : R : . ‘ . . .
'uost -of’ the results of ion analyses'vere-expréssed-

©

silply as lqasutcs of concenttation. Since the -easntenéni

of phosphorus und nitrogon is so i-portant in this stndy,'a-

discnssion ot '“ffotns analyzed follovs. llso included is a

b:iof snunat‘ of;the -1sce11anoons water property tests.'
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D

Phosphorus occurs %p vater as the phosphate jon. This
ion is classified into one of three sajor foras
iotthophosphate,' condensed or. acid phosphate, ana oéqanic
phosphate)don the basis of its reactivity with an indicator
che-ical, in these analyses stannous chloride. The analysis
of the phosphate ion starts by deterlinihg the concentration
of eotal Phosphate. Polymeric phosphate ions- and phosphate
hohnd in 'c0lp1ex organic compounds will noi.react wvith
stannous chloride vithou; pre-tteat-ent. Acia’ hydroiysis
breaks dovn these bonds. stannous chloride is added, and a

colorimetric test determines the concentration of the ionm.

orhhophosphate is a single—bonded structure that will
react with Stannous chloride.} with no pre-treatament.
Condensed phoephaees. are the .polymeric chains apd rings\of
' phosphate ions that react.after a persulfate diq stion vis
performed.. Althongh ~some of the tightly—bonded organio

phosphate is released by the digestion. most relains.

R secondA saiple. is' analyzed to determine ' the
concenttations of these forns. Orthophosphate is. deternined'
ufth a coloriletric -test wvith- no pte~treataent. ' The
condensed~ phosphate is treated first vith a standard acid
bath and then‘tested vith the coloriletric test. The organic'
phosphate 13 calculated as ‘the residual of the sum of the
ﬂorthophosphate Q and acid phosphate, suhtracted froaj‘fhe
previously calcnlated total phosphate. The filtrable or

solnble phoaphate tests are done 1n the sase. aanner after
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filtration.

Total nitrogen is the sum of the total kjeldahl
nitrogen, the nitrate ion, and the nitrite ion (uttomark
et ai.,‘1970) The total kjeldahl nitrogem is a measure of
the organically bound nitrogcn.'rhis t:uciion of the total
nitrogen can be further divided into aammonia niﬁtogoﬁ and
organic nitrogen. This is siamilar to the phosphate éests,
i.e., the organic nitrogen is bound too tightly to react.
Nitrate is thge most highly oxidized phase in the nitrogen
cycle. litrite ;s a transition phase Dbetween nitrate and

ammonia in the nitrogen cycle.

a

" The specific'condnctancc is a measure of the capacity

of the  yater ¢to "condu¢t aq\ electric current. It is a

‘ funétioﬁ of the substances Jdissolved din' the water, the
concenttations and ratios of concentrations of those
substances, and the tonic sttength of the wvater. Distilled
vater vill have - a conductance of 2-4 } mhos cm-1 after
labsqtption of carbon dioxide and asmonia (American Public
fnealth lssoci&tion. 1971) . The :esiQne is a -eqsutebof the
‘_'nqté:igi snspcndod-inkthg'uater..i;salple‘is evaporated and
Vveigpqd fo.dqtétnlno'the concentration. Specific conductance

. is cléscly tilntod to total residue.

, The hardncss of the wvater is a -easureKPt the ability
‘of tho vatct to pt.ciyitate soap. Calcin- and -agnesiu- are
the lain 1otn cluninq ptocipitation. aeasure-ent of hardness
s’ alse ll ildientioa -ot the concentration' of aluminum,

R
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iron, mangamese, strontium and zinc. (American Public Health
Association, 1971, The analysis done in this stady
separated the total hardness into hardness as calciua vwvhich

gives a rough breakdown of the ions present.

-

]ﬁ? The pH is a measure of the hyd;oqou ion concentration
in a sasple., This is isportant since acidic rain can be a
sajor ecological factor (Gorham,1975) and can vary the
alouit of orthophosphate in a saaple (Burphy and Dosky,
1975).



APPENDIX B

‘Sample Concentration and
Meteorological Parameter Comparisons

\

RS

Tvelve vatiebles vere chosen to lstndy ,the effects'
.that the neteo olo§ical situation had on the saaple
concentnations. SOfe\:} the variables are not usable 1n"alll
classes. -Only variables 3,6,8,11 (Table B-1) vere used for~
the dry-depositlon salples. The snov-cover dry deposition
and precxpltatlon vere not included because there ve;e fewer,ﬂ
than ten samples in each set. POr the prec1pitat19n sanples,
the date of %he salple (6) can be used to deternlne if the
. concentration of a sanple 1s dependent upon a seasonal tine_
factor 1n the summer, but it is. not valid for sanples 1n the
,vinter. The variable 1 scale is hlgh for snov and low. for
;rain associated uith synoptlc features. nghtﬁlng -has beenv
postulated as a source. for nltrogen (Hutchlnson. 1944) ,
fVarlable 2 scales storls on a gqalxtative intens;ty scale._'
The lntensxty and duratlon of llghtnlng assocxated uith the
storm deterlined ‘the value assigned. High values vere givent

'to intense stotns v;th a lot, of lightning that paSSed near

the saipler, _

- o

_LThe_city-nay influence concentrations vhen a. stora

ROVes over-‘nn. nrbau ,area ﬂncorporating partﬁgulates and
s
. gases or uhen urhan pollntants_ are blovn' into’ the stora -
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' Table B-1 CerrelationJvar;iSiee.
Number  parameter -
o Maximum Minimum
1 Type:of precipitation ©  'snow rain
L TR €-) R (2)
2 _Associated lightning . intense none
: : - (9) - (0)
3 Ccllection site- S - urban - rural
B - (3) Qb
4 Storna trajectory ' o ‘rural - . urban
' . ~ S (8) . - (2)
5 " Wind direction e ruyral ~ uarban
o ‘ ' - C (8) - (2)
6 ' Sample date . : 31 -Dec. 1 Jan.
‘ .~ {(bays) - : - (365) M
7 " Saapling time _ - Night Lay
- (nsT) | | " (2300) . (0700)
.8 Contaaination' L . Dirty Clean
c e S e (9) - (1)
-9 ='.-Surface wind ‘strength 4 Strong Calm
. (as—y ' S (20) (0) -
10 . Start of precipitation (84.) - {0y -
- thcurs) N _ -
11" Duration of. sanpling S CL TR I (0.1
- ~ (hours) o
12 Time since last precipitation €170.0) - (0.0)
- (hcurs) _ , :

(Buff; 1975). xhese effects vere accounted for by grading'

Storn characteristics sach as loveaent (u),

‘direction, at the surface ‘during sanpling

'location of the salpler (3) according to the urban 1nf1nence

on,each.

A

‘1968).' Variable 6 ,assigns each day vvith

the vind

. and the

Seasonal changes have also been noted (risher et al.,

- number,

consecutive froa January first. Variable 7 is also a tile -

r~'variable. vhich aeasures diurnal effects.//

&
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a

1
+

2 . 8, which scaled sannles on the basis of notes made ,during‘

collection. The ‘dry—deposition sanples 'were considered

»highly contalinated vhen over 25 insects or bits gof ‘plant

'debris vere in the salple after exposure and not all the

fragnents/uere renoved before analysis. The nain source of

'contanination : in “thef precipitation" sanples QAS' dry.

deposition. The highest contalination value vas given to  a

‘sanple taken vhen vinds associated vith an intense shouern'

_ blev dust onto the collectigg %urface.‘

strong vinds at’the;surface' entrain _more pagticies
nnichn will increase the sanple concentrations (nurphy and

Dosky,‘1975). Variable 9 was scaled Jusing the Beaufort

PN

scaie.; Light winds ewere scaled low and strong vznds were

scaled high;v_

Three aprecipitation tine-dependent variables vere

included._ Progressive’ washout uithin storns decreases the,

97

. The contamination problem vas examined using variable

e

S

concentration-uith’ tine' since thei prec1pitation starteda

'(Georgii and ﬂeher, 1960). Variable 10 is the sanpling tine','

isince the start of precipitation. Dry—deposition’ and - bulk-

»deposition sanple concentrations increase as the duration of

vsanpling increases. rhis effect vas . neasured by variahle 11.

F,Ihe concentration of rain sanples increases with the tine

»since the last significant precipitation (Georgii/gnd Weber.

1960),_and is neasured by variahle 12 in this vork.

S

e
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/ ~ Tables B-2, 5-3, a-u, and B-S list the ‘significant

(P(0.0S) correlation coefficients for four sets of vet- and

v dry—deposition sanples. “the' significant correlation

'coefficients jve:e deter-ined usinq a t-test comparison.

’-(ieatherburn, 1949) . These resnlts snenid 'be used vwvith

-cantion hécnnse‘ additional sa-pling could change the‘

"coefficients, not all the salples are independent vhich

‘ linits the salple size.' and " the choice of variahles and

-lfvalues. assigned were fairly arbittary. .,?hese factgrs >u
,'dectease *théf_ significance of the relwﬂiénsh;ps.7fppn&~

“ '(Panofsky and Brier, 1958).

e

@



Table B-2 Correlaticn ccefficiants for precipitation vith na-s

now-cover,

El

ralt-:oa rtltdncl ' 9.9225 9.0567

v

saniiicunt'coxrqlaticn coctficients

o. 3299
(I
0.8367 0.3201

2
0. soz!
12
0. -220 -a :160
~o.-s11 0. 3823
12
0.5138
2
0. 3515 -o 30:3
0. 39uo 3 3s1a
2 12
'0.;129 0.3a99
0.2896 °
X R I
“0.8249 1Y
32 Qgg
0.3865 ~0,3137
8
‘0.3218

2. =
0. 2089

?
C.3181
e

*0.35'0

3

0.2089¢

<o.g9ss
-9.301s

8 e 2
0.8218 0,3%95
6 .

0,333
2 .8
0.a8521 0.'110
6 -
-0.3est
8
-0. 379' 0'32(9
-3

12
2.5071 0.3160

12

2
-0.8072 " 0.379%"

2 .
2.4565

: ° Rean. Stnd.,
) 2gf-) yev.
Total pholphato C *é?%?ﬁ%‘371221 K]
. . o.nsas
. o:thopholphttc 0.0178 0.0922
- 0..05'
Condensed Phoaglate 0.06%5 0,0888 10.
C— . . - =0,56130
Orqanic phasphite +0605 0,0350 1
' LU . 0.3261‘
‘Piltered. total 1. 901210 . @
_ phosphate : Lo 0.35608
‘Piltered ortho- © =0.C039 0,0780 8
rif:°'P:.t. o ‘ P : - 0.5100
ered coadense 0.3565 23,0833 2
- phosphate ) . 9 o 0.8998
Piltered orqnnic 0.2621 92,1008 8
phosphate . oo . .0.5302
_ ?otll ‘kjeldakl : - 0.6275 0,50858 8
}1120224.291;1 R ‘ ’ G.397
kjeldahl nitroges 0:8803 3.5447 o.fa;g
Aasonia nitrogen’ 0.3729 b.s208 ° @ .
_ o 0.5817
oryanac aittoqou " 0.2915°0,3113 S
: : S =0.3273
littlt. nit:og-- 041379 0,877 2
e e .0.8305
litrit. nit:ogon - .0,0020 0.C012 7.
. . T T T 0.3964
,_Ctltcg © dom - . 0.9245 0.2826 [
e @ - .. - - " =DJh809
Iron doen. . . ' 70,2326 0.295a8 12
S N . 0.,49236
. Chlaride doa - ' 32,2998 1 1508 11 *
g TR C0.5%54
Sulfate fon - | 2.75C0 3.a689 . 0§ |
= Co e T =0. -esa‘
Solius-doa " ' 9.2682 0.4888
o T -0, 3=35
»Potaislul'iol' 0l 0,617 1;1683 .12
DR 0.0705
ln:dnc.n as cnlelnn 042323 1.0907 8
ST - 056689
rutul h.tdaésa [ 23;6016 18 els '°1o '
e . : «301%
pl (l’ion coue.) C %1222 0.1115 N
SR ( .-o.sesa
toadndttv:ty ‘ 18,1288 18,703
otnhosc-—l) A L 0.0102
totnl zca;c-o- . 4.31.osaz~16.35lv
) R : 0.3133

-1

'o 3810

-0, 2888
8

‘é0.315?

$ .
=0.2926

1
0.318s

8
’0.3759
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Table B-3 Correlaticn ccefticients for rais.

..'
Total phocphatc

) o:thopho:phlto
condon;od pho-p\ato»>

Nrqamic phocphnt.

rllxotnd total
rlolph.tc
i t.ttl ortho-

riltotcd coadensed
Phosphate

Piltered orgaaic

" phosphate
Total kjoldahl
aitrogen

Piltered total

~ .

.. kjeldahl mitroges
" . Asmonia nitroges

~ Organic -1;:9963 .
‘Fitrate nitroges

nitrite nitroges’

' $ilica  1oa

) #idn’tgqg.

. Chlorie .toa
Sulfate on’
"§odiui_§ol'~f

 §qtii§;-§'Loi'

Harduess as §31g13| 

-f;hll ‘;t‘l‘.iA'
‘ pl (I’loh eonc.)

condnetxvtty
hosce=—3)
_Totalk. :o-iﬂno.

: Piltered’ tui«_og :

Rean |end,
{»qe-y Dav,

Significant correlation coetficients

" .0.5680

J.1632 0.0860

0.0430 0.0567
0.0625 0.0345.
"~ |0.0583 0.0262

0.1278 92,0718 .. .
: -0, szo: 0.8808 0. 8080

0.0338 0.0380.
10,0066 0.0261
0.0539 0.0373

[]

~0.8468

6
-0.8257

10

1 8
~0.6827 -0.5’7. 0.'”3

6 1" .
-0 4989 -0.!202
12

- 10

-O.SOS.

0.8218 0.3247

10,2798 0.2670
'0.2100 0.1926
0.2114 0.202¢

2.9%91 91926
0. 18983 0.1576

72.205.'1 3731,

1.3200 2.1133.
0.3360 0.5638

0.0 -0.0
22.3'7 VI QSOQ

3,388 o.s830
1620 7.%83)
©7 20,306 15,1776
| 8,967 0,136

1.0853

-5
~0.382%

" 0.0991 0.0577 -
0.0016 0.0012

12

9 s
©.5225 04433 ~0.3290

-0.6823
1
o.sa11

0-‘!33

1

0.6512 °u.7°. 0.'51‘

0w 5
0.%822 -0. 8682
11 6 S :
0. 7685 0-!607 0.3%7
] 10
-0.619! -0.5370 0.!72‘

12
0.4753

3
0.4078

B

.

”.

e N )
-C. 503! 0.'3.9 0..15. -0.3062

10 " L
‘0-505‘ OQJQSO’ *0..35. —o..o.s °° 3.’5

<«

100



Table B~ Correlaticn coef{ficienth for ccnyective shovers.
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Total phosphate.

:Otthopho-phnto

condonlod pholphlto
'thanic pghosphate

Piltered total
. phosphate

riltered ortho-
phosphate.

Piltered eondonncl
. phate

riltersd orgamic

phosphate
Total t1|lﬂlh1

nitroge
filtered totll

kjaldahl sitroges

«

_ lnnolll nitrogen’

organic nitrogen |

Fitrate nitroges . -

Ritrite mitrogea

btlllgl’

Iron iom-.

ioa L

3

';cnxoraao Aol oL

‘;-xt.e- ion
sodiaas 10-

v

.Pct.'liil 10!

. 1!::410:3 as calcljt

Total hardiess

. pB ii’io-'eblc.f’

‘coadletiVAty
7T yenhosce=i)

l roen1 tc-ilnoa'

‘.riltcttl :tatlac-

Mean  Stnd.
!!gt') Dev,

.S5ignificant corrslaticn coefficients .

" p.3u1s

0. 1889 0.1535

0.4529 0,0848
0.0779 2.0461

o

,0-03}2 9.0832

0.1531 0.1605
0.0319.0.0736
0.0780 0.0290

0.0720 0. 1432 on
0.8798 0.7606
-~ 0.7387 0.6830 -
. 008520

'q.ées;
041605 0.0951
0.0028 0.0011

0.6830
0.3848
0.8984 O

23165 0.7995
84,6316 3.9631

_ 0.1810 o.zzss‘_

© 0.6810 1,2978
047600
| 25.0%6018. 61

$.8086 0.6357

25-0665 17 239
L2 7789 11.535

1 1500 9.3!66 -2
0.6329

£ 0.9588
17
0.9539

8
0.1851

0.6376

. B B
- 3.8928

[]
0.8811
8"
a.0821

1.2
0.72%0
2 ’
-0."69
8 .
0.9368 -

7.

0
0.9206
s
< 0.6967
e .
0.9306
0,7612

s .
0.8527
8

{.0;7990

9
-0,.48838
.

3
~0.5875 . 0.893s

L 12 '..
0.5735

.8
0.8659

- & 6
0.5643 -0.5035

° . .
0.7737 -0.5988% -
8 e
.o 5713 0.4313

o

8’
0.7929 -0»!079
8

2.9288. —o scsz'

LR
)

s
-D 5271 -0.!977
10 '

12
-0, l001 O.ISII

0-5311 -

F

12
0.4801%

-

»

. ' )
~0.2839 0.4819 -0.8236

3 .'
0.8710 ..

<
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Table B-5 Noh-snovecover dry’ deposition.

’ - Nean . Stl‘; .Sigaiticant cor l t4
. . . . 098} Dev, . 9 corralaticn coc!uc!tltl
Total phosphate -'1‘.—3’11%‘53", T
) ol - '0-‘ -
<. 0rthophosphate 0.1093 0.1070 02 0 292
Condessed .phosphate g.0as 0.1052 s : :
: : e -0.6078 h : : }
organic phoaphate . g 1071 0.0858 2 & Y . .
. 7T -0.62%56 ~0,5296 '
total phosphate - 041200 0,136 3 ¥iltered
. ‘ -0.3885
’ ru.n?&:mo-'  0.0815 0,090
11‘.“‘ “llmtl 0.0829. 0.0816 'Y
oy ha RS . 0.5088
L 0.0367 020013 3
Tota x 0.6429 9.3106 |
el 0.2369 0.1003 -
kjeldahl nitrogea
Asmonis aitroges . C.29%8.0.27281 &
E : AR N LT T
.ng.nic aitrogea N 0.4386 0.0943
itrate fom  0.C300 0.0886 1. -«
S e S ‘ 0.4880 .
uitrite ion 0.002% 0.0016 11 6
o LT 10,8380 0,6237
. Silics tom 0.1829 0.373Y - ,
Irom foa . o.ossa.'o.o’on :
“Chloride iom a.zuz, 2.1508 , _
-Sulfate tom aenz.uu R o N
3 e P -o.cn:z o e ‘
| Sodiwsion - . 00086 0.1099. N .
‘ Potassiva xou . 0.1710 0.1983 3 . o
: - ~0.4808
Intlll-a u cnclu (.3183 07726
- mu Mardmess | 9,713 7.9239
,pl (aﬂso- co-c.) . 8,283 2.7688 1% . °
. o.sns
c»«euuty <ol 13,668 2.9982 :
© e (eehoRce=ty - e e
totu residue ~ $.1500 €.2750

' '_'ruuna Eestdne 25360 2,894
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APPENDIX &

Sample Concentration Data

o This appendi; 1ists a11 the wet- ‘and dry-deposition

- data.w'rable C-f' lists . the physical vet—deposition sanple
data and Iablo C-§ the dry-doposition aaapling data.‘ The

- wat—deponition analraiz rosnlta are listed in tables c-2
throngh c-7. Tho dry—depoaition analyses are 1isted in Tahle 2

c-1o. !able c-a lists the averagas calculated hy sites.

rhe !olloving conventions vere followed in’ the data [-—
Ptosontation. “The. sgnhol & reptesents a constitnent not
analy:ed because of a snall sanple volnae. A é%ncentration
ﬁv ot o. o reptasents a constitnont below the 1init of detection 0
and does not ilply that the constitnent vas not present in
the sanple. !he d:y—deposition negative nnabets indicate
_ that the ~taet sanple concentration vas 1arger than the B
concantration attat exponute. "The - phosphate concent:ations lj'

folloved a apaciai convention. legative nnnbets in the wet-

'; deposition data tap:esont concenttations helov the 1init of .f

’aa{:salplas vete assigned ‘a concentration of

\/vdotaction;

thqg analysin.“ lote that “im the dry _
"'ins ,tno valoe o. 005 - has al:eady been
"tnatioac hOIoU the lilit of detection.ﬁ
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Table C-1 Physical data for samples.

. 28=2-76

~2000 -

Y . ‘ oo :
Sample Site Date ‘Time period of Type of
number number- S sample (MST) precipitation
38 1 6-7-75 1550-1605 shower
35 1 €=-7-75 1605-1635 shower
86 1 18-7-75 2105 2200 rain
57 1 28-8-75 1900-1925"  shower
58 1 . 28-8-75 . 1925-1945 shover.
. 59 _ 1 . 28-8-75 - 1945-2000 shower
60 . - 1 28-8-75. 2000-2030 showver
.. .68 - 1 28-10-75 S0 =1130 sSnow
& 2 17-5-75  1235-1250 hail -
6 2 . 23-5-7% 1085-1215 rain
14 2 - 6-6-75 ° 0800-0820 shover .o
.20 2 13-6-75 - 1015-1320 rain
- 23 2 27-6-75- 0630-0830 - rain
25 2 - 27-6-75 1285-1545 rain
. 82 2 17-7-75 1 1730-1900 . raim
.83 2 A7-7-75 0805-1130. - rain
N9 2 2-8-75 = 1620-1626 . shower
-1 2 T 2=-8-75 . 1626-1634 . shower
51 -2 2-8-75 - 1634-1650 shower
52 . 2 - 5-8-75 1925-2%00 shower -
53 - 2 - 5=8-75 - . 2000-202S . -sheower -
70 2. 3-12-75 -1200 snow
78 2  27-2-76 . -1324% ‘sSnow
1 3 - 15-5-75 - 1810-1850 .rainm
2 3 - 15-5-75 . 1850-1915" rain
3 3 15-5-7% - 2025-2125 ~rain -
S 3 23~-5-75 1 0645-0713 -raim -
10 3 ~28=5-7S ° 1630-1747 rain o
13 3 . 6=6-75. ° 0657-0715 - shover
26 3 - 26-6-75 = 2185-2220 raim
27 3 . 27-6-75 2220-0710 ~ raia
-28 3 - 27=-6-7S 0780-118S rain .
58 3 17-8-75  0902-1835 . rain
-2 3 - 17-8<75  1835-2230 . rain _
56 - 3. 20-8=75 ' 1912-2000 - . shower
65 3 . 4-10-75 . 0810-1010 . rain
T2 3 #=12-75 . =211  snow
13 3 -29-12-75 - ' =1830 - snow
- 18- . ‘snow
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table C-1. Physical data for samgles (continued)

Sample  Site Date Time period of Tygpe of
nuaber  number o sample (NST) precipitation
7 4 23-5-75 1115-1225 " rain
- 21 4 13-6-75 . 1040-1245 rain
22 4 27-6-175 0715-0800 rain
24 4 27-6-75 1345-1515 rain
69 4 03'12'75 - -1130 snow
75 4 - 28-2-76 = -1230 snov
8 5  28-5-75 . 1435-1620 rain
9 . 5 - 20=5-75 1620-1815 rain
37 5 16-7-75 1805-1810 - 'shover
. 38, -] 16-7-75 1810-181S » shower
39 5 16-7-75 = 1815-1830 shover
40 5 16-7-75 - 1830-1840 shover
41 ‘5 16-7-75 1840-1850 shower -
R 1:] 5

31-7-75

. 2005-2025

shover
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Table C-2. !et-@eponition phosphate concentrations (mg#-!)
listed by sites. : A

Sample Site Total orctho Condensed Orgaanic
35 1 0.81 0.28 0.17
46 1 0.09 05 <0,0S 0.09
57 1 0.18 0.06 0.04 0.08
58 1 0.15 0.05 0.04 0.06
59 1 0.11 <0.05 0.08 0.03
60 1 0.16 <0,.05 0.08 0.08
68 hl 0.43 0.13 0.11 0.19
19 2 0,22 0.07 0,07 0,08
20 2 0,12 <0.05 0.10 0.02
23 2 0.13 <0.05 0.05 0.08
25 2 0.13 <0,05 0.06 0.07
42 2 0.09 <0,05 0.06 0,03
a3 2 0.10 0.05 0.0 0.05
39 ] 0.13 <0,05 0.10 0.03

- 50 2 0.10 <0.05. 0.10 0.0
51 2 0.11 <0.05 0.07 0,08
52 2 0.20 0.05 0.12 0.08 -
53 -2 0.14 <0.05 0.11 0.03
70 2 0.20 <0.05 0.09 0.11
74 2 0,38 0.05 0.13 0.20
2 3 0,32 0.15 0.09 0,08
-3 3 0.20 0.07 ' 0.1 0.02

5 3 0.06 <0.05 <0,05 0.06
13 -3 0.27 0.08 0.02 0.17
26 - 3 0.12 <0.05 0.06 0.06

- 27 - 3 0.14 <0.05 0.07 0,07
.28 3 0.10 <0.05 0.05 0,05
5. 3 0.07 <0, 05 0.05 0.02
56 ‘3 0.19 0.05 . 0,07 0.07
65 3 0,12 <0.05 0.07 0.05

" 72 3 0.28 <0.65 . 0.13 *» 0.15
16 0,19 <0.05 . 0.12 0.07
28 & 0.22 0.08 - 0.086 0,08

o . 69 “ ) 0015 40.05 0015 0.0

13 L 0,14 <0.05 0.06 0,08

8 -5 0.21 _ 0.08 0.05 0.08

- .27 5 0.18 0.07 0.05 0.06

38 5 0.13 0.05 0,04 0,08

-39 - 5 0.10 <0.05 0.08 0.02

. L MRS T 0.18 <0,05 0,07 0.07
&Y 5 8.08 <0.05 0.05 0.03



107

Table C-3. Wet-deposition filtered phosphate concentrations
(ngf-1) listed by sites.

Sasple Site Total ortho Condensed Organic
Nusber ¢ Phosphate Phosphate Phosphate Phosphate

3s 1 0.76 . 0431 0.16 0.6C0
a6 1 0.08 <0.05 <0.05 0.080
57 1 0.11 0.05 0.04 0.020
58 1 0.11 <0.0% 0.08 0.030
68 1 0.4 <0. 05 0.10 0.30
T 2 0.13 <0.05 0,07 0.060
25 2 0008 <0. 05 » ek 0.080
43 2 0.10 0.05 . 0.02 © 0.080
89 2 G.08 <0.05 . 0.08 0.0
50 2 0.08 ' <0.05 0.07 0.010
51 2 0.06 <0.,05° - *3exxn L2
52 2 0.18 ' <0.05 0.12 0.060
73 2 0.18 <0.05 0.15 = 0.030
=3 3 0.28 0.07 0.07 0.100
2 3 . 0.32 0413 0.06 0.130 .
3 3 0.17 0.06 0.07 0.040
5 . 3 0.06  <0.05 <0.05 0.060
10 - 3 - 0a27 0.09 0.06 0.120
. 26 3 0,12 : L 2t 2 2 S e #tttt
27 3 0.10 <0. 05 0.05 0.050
28 3 0.10 <0.05 0.05 0.050
sy 3 0.11 <0,05 0.09 0.020
65 3 o.1o - <0,05 0.07 0.010
6 3 0.15  <0.05.  0.11 0.040
22 3 0.6  0.07  0.02 0,070
63 8. ‘0,14 = <0.05 . 0.08 . 0.060
13 & - 0.08 _<0.05 0.07 1 0.010
9 5 - 0.09 . <0.05 0.06 0.030
- 37 S . 0.18 0.0  0.07 0.070
38 5 0.09 _<0.05 '0.09 0.0
39 .5 0.10 <0,05 0.07 - 0.030 .
2 5 . o.08 <0.05 0.07 0.010
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Table C-4. Wet-deposition nitrogen concentrations (mgQ-')
listed by =mites.

- o S
Saaple Site Total Total Almqu,, Organic
Wuaber ¢ Kjeldahl Nitrogen Nitrog®h Nitrogen

T 'TTr Y 1.90 seone

34 1
35 1 3.02 2.97 2.70 0.72
46 1 0.32 0.25 0.10 0.22
$7 1 0.68 0.62 0.09 0.59
58 1 0.7 0.70 0.07 0.64
59 1 0.38 0.38 0.30 0.08
60 1 0.41 0.35 0.05 0.36
68 1 0.55 0.51 0.52 0.30
18 2 0.52 0.41 0.27 0.25
20 2 0.17 bbb 0.17 0.0
23 2 0.07 0.05 0.06 0.01
25 2 0.18 0,16 0.06 0.12
82 2 0,46 0.40 0.17 0.29
43 2 0.56 0.85 0.28 0.28
89 2 0.91 0.83 0.80 0.11
50 2 0.67 0.31 0.55 0.12
51 2 0.53 bbbk 0.30 0.13
52 2 1.75 1.67 1.60 0.15
53 2 0.56 0.487 0.40 0.16 .
70 2 0.80 bbb 0.40 0.0
18 2 0.36 0.21 0.02 0.34
1 3 0.92 0.52 0.25 0.67
2 3 0.58 0.48 0.40 0.18
3 3 1. 25 1.16 0.80 0.45
S 3 2 1 3 3 ] L2 3] 0.74 LR 2
10 3 0.55 0.28 0.30 0.25
13 .3 L 2 2 % % L2 2 2 2 0.32 E 2 R 2 2]
26 3 0.12 0.03 0.06 0.06
27 3 0.28 0.09 . 0.12 0.16
28 3 0.02 0.02 0.02 0.0
Sa 3 0. 85 0.40 ‘0.80 0.05
55 3 0.16 . 0.13 0.10 0.06
56 3 0.62 . 0.62 © 0.09 0.53
65 3 0. 28 0.15 0.08 0.20
73 3 0.12. 0.0 0.10 0.02
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Table C-§. Wet deposition nlttogen concentratlons (-gq—l)
' listed by Sites (continued). - .

e
Salple Site Total ‘Total Apmonia Organic
Nusber & Kjeldahl Nitrogen Nxtrogen Nitrogen
‘ ‘ Bitrogen z;;tg;ed '
214 0.32 b L 0.12 0.20
24 4 1.04 bt 0.23 0.81
69 4 0.20 0.20 . 0.17 " 0.03
37 5 1.25 0.62 0.18 " T1.07
38 5 0.61 . 0.5 0.17 0.44
39 5 . 0.36 0.36 0.30 0.06
80 5 0.35 - 0426 0.25 0.10
41 5 0.22 xRk 0.20 0.02
48 5 *R Rk . 0.40

1.88 .

1.48



Tablévc;s. wet-deposition natrient ion concentrations :
o . . (mgQ—1y) llsted by sites.

e

Saaple Site Slllcon Iron Chloride Sodium’ Potassiul

0.25  0.36 1,09

!glber ] don - 3ion ion ~don : ion
348 1 2.00 Rk ok 2.45 0.80 6.20
35 .1 "0.95 1.75 . 1.17 0.40 1.90
86 1 1.07 0,33 2,64 0.0 0.0
57 1 0.27 0.17  2.20 0.10 - 0.40
58 1 . 052 0.10 3.08 0.0 . .0.40
59 1 ©0.90 . 0.07 ° 2.5 0.0 0.30
60 1 0.28 7 0417.° 2,54 . 0.10  0.40
68 .1 0.24° 0.54 0.69 0.00  0.03
.8 2 xxkkk  dkkxx . 2,98 0.40 0. 90

6 2 skdkkk  dkkkx 2,35 2,60 520
-14 2. 0.94 0.11. 0.88 0.20  ~0.20
20 2 0090 . Rk ’ 2. “0 0.0 . 0.0 :
23 2 0.90 '0.06 2.54  : 0.20 0.50
25 2 0.95 0.04 - 1.66 0.30 . 0.0
42 . 2 .0.94 - 0.20 1.47 0.50 0.40 .
43 -2 - .0.92 2.1t 2,00 0.0 0.710
49 2 0.91 0.25 1.96 . 0.30  0.50 -
50 2 - 0.94 0.30  1.56 . 0.50 0.30
51 2 0.90 0.31 1.86 - 0.30 0. 20
S2 . 2 . 0.94 0.37 2.15 0.20 0.50
53 2 0.90 0.12 2.54 0.0 0.20
70 2. 0.17 0.07 - ‘'2.45. 0.0 ' 0.20
28 0 2 0,23 0.04 2,18 0.0 2030
1 3 1.20  0.54 0.69 0.0 0,60
-§ - 3 1.01 ° 0.11 0,93 0.0 0.60
s 3 - 0487 0.02 1721 0.60 0.0
13 3 mskEk . xkxEx 2 .81 0.0  0.10
27 3 0.90 0.03 5,18 0.10 0.10
.. 3 0.83  0.02 5.58° 0.20 0.20
é??’ 3 .0.95 0.04 . 5,38 0.0 0.30
s 3 0.85 0.02 2,93 0.0 0.0
65 -3 0.21 0.08. 3,03 -0.10 0. 20
72 3 0.17 . 0.02 2,45 0.0  0.20
73 3 0.337  0.25 "5.63 0.40 0.0
16 3 0.0 0.0
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Table C-S.‘Wet-depositlon nutrient ion concentrations

(ngy—2) 1xsted by sites: (contmnued). :
—s

v Sample Site Silicon Iron Chloride SOdiun Potassiua
- Number # —dop J..;L _Q.Li —don = jom
T 4 wanes -****# ' 2.98~ 0,50 1.70
21 4 skERE . RakEx . 0493 . 0.10 0.10
22 4 .1.08 - 0,17  0.88 - 0.40 0.30.
24 4 1.13  0.25 1.81 0,40 0.30
5. &8 - 0.17 0.02 3,27 - 1.80 1.90 -
8 S 0.98 - 0,05 - 1,81  1.40 1.70
9.5 7 0.91°  0.06 1,81  0.80 - 070 -
37 5" 1,03 . 0.55 - 0.98 0.0 0.20 -
. 38 .5 1.04 . 0.32 ' 1,86 0.0 0.10 .
. 39° 5 0.79 0.28 2,84 0.0 0.10
. 40 s ~0.85 . 0,12 . 4.,40°_..0.0 -0.0
41 . .5 0,78 0.28 2.84 0.0 - 0.10
48 5  sxaxs | sméxx I Lt 21 0.50 . -0+80
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- Table C-6. iét-aﬁpdsition ﬁqfe:-prOng;ies.(ngl-l,vunless7_5‘
R _ - " noted) 1listed by sites. :

==============================================F —
sample Site Hardness Total Conduc- Total Total

Nuaber & as  Hardmess tivity Residue Residue
o Calcjum "{yﬂnnﬁif : Filtered
36 1 7.0 - 24,0 - 46.8 - 6046 B T2 T R

35 1 7.0 32,0 43,6 51.9 22.5
46 1 - 040  31.0 - 8.9 - - 23,4 xhan

. 57 - 0.0 18,0 27.9 - 12.0° 1.1
59 -1 0.0 - 26.0  13.6 - 10.5 - T
68 1 0.0 14,0 8.2 7.5 2.0

8 2 A2 TL L R L LT 14,2 LT T2 E Rl L
‘6 2 - “Amxakx - skk¥ . 33,8 T T Y e wknk .
1. 2 0.0 - 17.0 44,0, . 2.0 0.3

o 20 2 0.0 - - 23:0 : 12.2 . 212 B Rk
25 ‘2 0.0 ] 1“.0 703 11.5 - - 68 °
42 2 0.0 54,0 6.2 16.0 9.3
843 - 2 " 0.0 33.0 18,0 26.0 '9,0
. 50 2 0.0 19,0 . - 17.2 12.2 10.5
5‘ 2 . 0.0 23.0 i 22.5 ’ 3.0 sERE
52 .2 0.0 29.0 38,0 23.8 23.2
53 © 2 0.0  27.0 . 25.0 | 20.0  20.7
70 . 2 -~ 0,0 12,6 15.3 24.2 *RES
8. 2 0.0 4.0 L 340 . 29,3 12.1
13 0.0 2.0 " 9.0 ~ '53.0 . 28.1

2 3 0.0 8.0  12.0. 26.9 15.2
3 3 0.0 6.0 17.0 6.8 062
5 3 0.0 6.0 2.5 25.6 7.0,
10 3 0.0~ 23.0 - &.4 2.6 0.6
13 3 - 0.0 8.0  32.8 10.5 S s
26 3 0,0 - 8.0 . 9.3 33.6 30.8
27 3 0.0 60,0 7.4 6.2 . 4,3
28 .3 0.0 10.0 2.8 31.2 7.1
54 - 3 0.0 . 16.0 22.0 8.5 . 5.2
-85 3 sxkks . 31,0 8,8 2.8 . 2.7
$s6. . 3 - 0.0 . 10.0 84.8 38.7 5.6
65 .3 0.0 34.0 9.8 0.3 442
72 3 0.0 . 7.0 4.8 14.6 " 8.8
73, 3 - 7 0.0, 8.0 3.3 18.8 15.5
76 . 3. 0.0 8.0 2.9  26.1 9.8
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o

Tahle C—6. wet-deposition vater ptoperties (lgn-l.'uhleés
v noted) listed by sites {continued) . : :

l'SAlple Site Hardmess ~Total Conduc- Total - Total

Namber #.- =~ ~as  Hardness tivity Residue Residune
— __ Calcjum = @@ (uwhooR) Filtered
L7 g ekess  wksks - 17,4 . seks L2 2 T

21 8§ 0.0 17.0 9.9. 2,0 - 0.0
- 22 - & 0.0 - 940 8.8 .- 30.7 - 0.0
26 0 8 - 0.0  16.0 14,8 50,9 = sxex

69 8 0.0 . 2640 19.5 . H.Z kAR

8 5 0.0 7to 20.0 ,t**t B Tt

37 - ) 0.0 . 99.0° . 15.5 26 2 22.2

38 S 0.0 -~ 38.0 11.4 ~11.4 . 10.0

39. S - 0.0 "17.0. 15.5 . ‘32.4 7.1

a0 5 00 22.0. 12,2 49.5 .25.7
a1 -5 0.0  16.0 15.5 32.4 . kEkE

48 3 0.0 30. 0 - 13.6

xkkk - RkkR
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Table.C-7. iet-deposition liscellaneous constituents (lgR“)
listed by sites.

~ Sample Site litrate Nitrite Sulfate prH

$ Jon . Jom  Jop-

3 1 0,30 - *ssss . 17.00  6.38
35 1 0,38 0.002. 11,00 5.148
a6 1 0.12 0.001 . 84,00 " 4.88
S7 1 - 0,39 0.008 5.00 64.74
58 1 . 0,26 0,003 © , 5:.00 -~ 4,89
59 1 0.16 0.001 *esax 5,28
- 60 1 0.11 0.002 - 5.00 5.26 -
3] l  92.10 0.009 = .5.00 6.14
4 -2 RREEE  ARRER 6.C0 6,481 .
6 -2 SRk R, SekEd - 7.00 6.13
W2 0.11 0.002 0.0 4457
- 20 2 0.05 0.001 0.0 8,77
23 2 0.04 0,001 0.0 4,72
25 2. 0.07 0.001 0.0 5.16
‘42 2" 0.05. 0.002 . 1.00 5,22
43 2. 0.08 0.002 4.00  4.55
49 2 0.10 0.002 1.00 3.93
SO0 2 0.09 0.003 0.0 a.68 : ‘
s1 2 0.09 0.003 2,000 4,87 o
52 2 0.33 0.005 7.00 - 4,31 - :
s3 2. 0.22 0.003 3.00 4,46
“ 70 2. -0,52 0.005 0.0 4,90
I8 -2 0.09 0.002 0.0 ' .6.53
3 0.17 0.006° ~ 0.0 - 6.45
2 3 0.12 0.002. 0.0 5.78
-3 3 0.20 0.004 0.0 5465
5 3 ° 0.0 0.001 0.0 6.05
3 3 o.0s 0.001 0.0 6.19
26 3 0,07 0.001 . 0.0  4.93
27 | 3 »;o.on,.o.oo1> 0.0 4,99
28 " 3 ‘9,06 0.001 0.0 5.57
S8 3 5,25 0.002 1.00 8,56
S5 3 0,10 0.002 0.0 . 5.22
56 3 09,13 0,003  5.C0 3.98
85 . 3 0,10 ' 0.001 2.00 5,38 -
- ;gl g*;..o‘1o AsmEs 0.0 . 6.63 |
% 3 0.0  6.61 v

{i;p;gg 0.002 -
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Table c-1. iet—deposition uiscellaneous constituents (ngﬁ-l)k
listed by ‘sites (continned)._

. 'Sanplq Site Nitrate lit:iteNSnltate- pH

s

o -
o

-7 & Srket PR EE N 6o81 S b
21 8 . 0.06 ‘0,001 0.0 8,92 :
22 & 0.08 0,001 0,0 5.33
28 4 0.1 0,002 " 0.0 8,99
69 4 0.60 0.002 0.0 - 8.58 .
3 4 0.17 0,003 0.0 6,88 O )
8 S ReRRg - BEERK - 8,00 6.81
-9 5 0.20 0.0008 - 0.0 ~-6.00
37 S - 0.13 0,002 . 5.00 ‘~~62
&0 5 0.1 0,003 0.0 8.77
41 5 ¢.08 0.,001. - &4.00 '&,70.
.l u Lo i |- 0017 ““.“ . Q.'ﬂl

R

R

) %
»
*



' Tahle c-8 !ot-deposition ave:agos 1istcd by site.

)
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(A1l concentrations listed in mgti-? ‘unléass othetviae noted.)
"Constitnents~ Site 1 Site 2 Site 3 Site u Site 5
Total phosphate 0. 250 0.158”,0 178 0.218'_0.1#5,
. Orthophosphate 0.087 0,020 0.039 0.070 0,037
. Condensed phosphate . 0,081 0,082 -0,077 0.080 0.062
- organic phosphate . " - 0.085  0.063 0.065 0.070 0.047
_Total kjeldahl nitrogen 0.987 - 0.549 0,358 0.552 0.717
Aamonia pnitrogen - 0.784 0.398 0.190 0.228 0.231
organic ‘nitrogen - . 0.835 0,157 0.175 0.32a  0.485
" Nitrate nitrogem: ' 0,200 0.742 0,718  0.202 0.133
- Witrite nitrogen 0.002 0.002 0.002 0.002 0.002
Silica ion o 0.850 . 0.811. 9,795 0.637  0.911
Iron ion , ‘0.432 0,165 0.157 C.115 0.237
Chloride ‘ion . 24374 2.065 2.738 1.848 2,363
Sulfate ion . "7.833. 2,067 0.875 1.C0 2,714
' - Sodium ion . .0e4200" 0,367 0,100 -0.467 0.337
Potassiua ion T 1.3717 0.767 0.237 0.717 0.462.
 Hardness. as calcium" 2.00 0.0 0,0 - 0,00 0.0 ..
Total -hagdness ' 21.9 22.5  15.4 15.6  29.5
"pH (log of H* ion conc.)_5,27'; 3,98 5.50  S5.48 5.09
.- Conductivity (I(lhos) 26,3 . 18,7 14.3  12.5 . 29.7
Total :esidne S 23.8 17.6 - 19.1 - 21.4 29.7
ril;eted salplca' : Lo .
.- Total phosphate . 0.218 0,110 0.153 0.127 0.108
'Orthophosphate B 0.063 0.013 0,032 .0.027 0.012
- Condensed phosphate 0.069 0,073 0.066 0.057 0,072
- -organic nitrogen - 0+142 0,047 0.060 0.047 0.0028
" Total kjeldahl nitrogen‘ 0.878 0.496 0.256 0,193 0.802
'rTotal test&ue -

6.05.

12,9

9.65

©3.60

13.0
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Table C-9 Dry-deposition sa-pié‘dati.

Sample =~ Date . Site Length Contaaination
Number Collected = Exposed
TN (hours)

11 . 2=6-75
16 . 10-6-75
17 10-6-75
.18 . 10-6<75

30 6-7-75
31 4-7-75
32 8=7-75
33 4-7-75 -
62 | 24-9-75_ -
63 - 26-9-75
- 67. . 12-10-75
84 .. 1-4=75
86  29-4-76

60.8

C 24,8
150.1
54,8
'52.3

- 50.8

- 118.9 -
104.3
71.8

- 45,3

|[ssvwwasaprwasrww
PhssNOONONNNOW [

- 87 2-4-76 © 77,0 -
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