THE SPATIAL AND TEMPORAL VARIATION OF
ACIDIC PRECIPITATION IN NEWFOUNDLAND:
FROM SQURCE TO RECEPTOR

TOTAL OF 10 P

MAY BI

PHILIPPA MARY McCULLOUGH
















left 'c<o samplss in mu To ithese acbompany ng, meteurolugicsl <o

ditions were s :emmd,

nm.n §
L

vahm (of. 807 NO3 ‘and: i

. Lniluence of ,!w 1fir_ vﬂrubte

\at
_r.ype and, tzajactnry sel:tn: vers thi o5t nﬂ.u t-lal vaznbleskn 5




* s G . o
endent to‘a latge.extent. ’ll\a most, ncidlc _»

Quebec. 'rmac:ary Sector

iuck of long

1\977- 1 1nd1c»ﬂte thu 1981




Univetsicy and,.mnre sp ciﬂcally, my: superviso( nr\ c nanﬂeld fm—

enahl‘ing me/to l:omplzte this thesis.: ~Sp=cill :hm\k are ex:ended to

‘Ms. .. Skidmore
J[ Barries -

hemical and Phyeicu M\Aly!ls leoratnry
' Nfld. ‘Porgat Reésearch cancxe

eptl” of. ceogruphy-—asau:anc(pm ting -
7. Gomputer :uje ories

Env. Candda. ¢ ABS, Do
compute: Trnjecturiea




Ackl\miledgem‘ents

Llst«. of Iabl:a .

i3
e Lom;-mcs TRANSPORT OF ATR POLL TANTS
\CIDIC, PRECIPITATION

mnonucuuux
AND. SUBSEQUBNT o

oris . 7L
\Transportation
Transformation

"Historical devzlopmnt of ‘related reaeatch
.2+2.1, Innovative. research in"Europe . .
[North American research
 Kpplication of long-rangs transport medels
Applicarion of manual trajectord

. 'l\eaan!ch An Newfoundland

S, Jobn's (bxen and) . .
& Cape” Bxuyle s I

Bishop's Falls. . LS00 A

' Grand Lake o b - . 50 o

Norris, Puint g @ 2

Salmon .35 .




4.1.

’?.'.1,1.
4.1.2.

Sration cn’lllectign 5 %
1\ Callectérs ;

Ptecipita fofi chénigtiy

Chémicdl amlysis of
Ohemh:#l elationshi

|

* E conditions
'prectpitation Ev ¥
. - .
T T sympthc eather type ..\ L
- : 4.3.2. Duratiofi o ;;recipita:’inn puor .co
o e s B reaching sappling si % bore ity
¥ : 4.3.3. Tota} pr and i
' «.+ intensity .

4. Statistical an;

i .
Hhy B A 5.1: Chemital relat
. E : ¥ 5.2, Wet deposition
S o 31 Antecedent ‘Tal
+4. Total precip,it

Total

< 5.4.13
4 Pi‘eci

L5.4.2.

5.5 Vieather bype .

5. P\"u:cxnmﬁou, GHEMIST!

mnships 2

heall auratichs . .
ation snd p:eciyitu:ion 1m:ensil:y
Precipitation . J. . .
_cacion \inten ity oie%

5.6. Tempdra‘l Varil

:yi:e A




(c) G503, Se.0. 10, and L 3
.'7:(d). CB 04, St.J; 1L and GL' 37

. (e) St.J.-13 and. GL 41- Se..1
(£) 8¢.3. 23 and BF

2. “Sumary (.. .

CONCLUSION

References .

Chemical Analysis Procedire
n* !‘tanipituziun samples 3

Squared mu1c1p1e cor:ehl:ionn of eagh-varfables T .
.in the’first set with all variables in the

second sef . .. : 189 :
Cnrrelacions . i 190 ’

Squared multip‘la cortalations of ‘each
variable'in the. second set with all
. variables in the fil‘st et




58

552

559

" Mean mnrhly CANSAP valués at Gander +e
and.’s

| Vs
-7 veachier-eype

Sources; of S0, emissions in U.S.A. and’
Canada for 1980 ci . . &% .

Saurces of 0
" Canada for 1950 e

‘The ffects, 5£ wat
_vm;i us: £4sh species . . ¥

henvule

Prenipi.:ation total and chzmicul concentration
correlated with wet deposition yalues . .*\ . .o

Antecedent rninfall durntion inhours i i,k 4 h

Monthly precipitation tqt51‘ £0t 1981 4t all sites

Weather type i o osiis 0 e el i

Mean phemistry alues by 'wea‘:her‘ EFPRY S i K ol
Mean and fotal vet deposttion valoes by

Preclpitlticm vnlues nccording to Hea:har”

Total ‘and mean’ wdt deposition values.by
Tonth for St. John's ... s le e s

Mean soh and, uag :uncenttations by
3hi

)m e £or e, J




*. 310

y Newfmmdllnd and ‘Labrador hased on ‘l‘egimml geolagy

0, ‘emissions. for North América .
- ND emlssions for North. Americs

éxsmucu trends in 0, _q . emtsatons, 14
the United States ()lo esee§ as-NO,)

boreal npecies n Newfoumiland £

Classification scheme; for che aensicivlty Of ‘aveas of

Average. anntial pH. £rom, Sept:. 1979 to Oct. 198
based on-data from NADP in- the U.S.A. and
CANSAP ‘in Canada. . 3. i .

‘Locatioh of CANSAP and APN mon;tori.ng
,sitasin anada.. S, ceiee el e

Mean C SAY values of PH, SUU and’ N’O from 1977
“to:198L.at: Gandet and Stephenville

Map of annual ‘precipitation for'the island -of K
Newfoundland with s:udy smpling sif_es located

-‘S:. Juhn H si:e WaP .k ae

Cape Broyle site map .
" Bighop's Falls site map . .
Gnnd_uke site map - ‘/.‘. »
Norris Point “aite map .+ .
Salgon Dan gite map ok g
Godalefeh Pond ‘site map .

MIC sampler v . < . .

Conatructed sampier i\ . .




. \Mear i—ann\.(al ptei:ip tatdi
e Gandex” dnd' S| e

crajeccories wmun sectors
: Computer. il mahml crnjecccry paths £0r
.Grand, Lake 'event 31. starting 002 03 fugust.’:

.Computer ,sn‘d mamwl trajectory, paths dot
Grand.Lake event 35. starting 0oz 04 Augus‘ -

! P
Gtﬂpd pke eval:yQ u:uting nuz 18 Auguuc

co‘mputer nn!manual ‘grajgutnry pa:hs f‘o
L 3







Lahrador/ng bog. Low

Great Lﬂke!/Eaa: Coasc Low .







‘emissions & ©

35 .. tramsportation’ z = %

ey o 7. transformatien - - - =
.ol depos“ian ¥ . = 2




- { -

e

I
|
T (ANNUAL EMISSIONS N g/8)
t

| R L
TR

Source: Altshuller & MCBean (1979)
Figure 1-1 SOZ emissions for North America.

USA emissions from Sure Il Data Base
Canadian emissions from Environment Canada
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Source: Altshuller & MCBean (1979)

Figure 1-2  NO_ emissions for North America.

USA emissions from Sure || Data Base
Canadian emissions from Environment
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Source: Neiburger st .al(1975) B

Figure 1-4 The-effect of wind speed én /g\s;llbyant concenitrations.




“once a pqllul:ant has been released 1m:u the atmsphere, fronp

ei:her a hlgh or 1ow elevab&on, us uonceﬂttatim is gavetned by (1) .

.3

and velocicy of the wind throughout the mixing layer. The mixing\

emple,,dﬁg the day with a supetadinba:ic lapse rate (unstabl

X condition.s nreating turbulence) vertical mixmg may occur, 1n a Lgye‘x

up to 3 kﬂm:ra. dee‘g. However, Hith a surface—bxsedﬁxvenion,

for examp].e Jon " clear night under anticyclqnic condltions (utiere thz .

mixlng height wnuld be almasl: zeru), .ot uith zhe advance of 4 warm. iron:

(wheze ‘the mixing heigln: dscreaaes w;u:h the aypranch of the £ron=),

sreﬂzsr stability pravents vertical mixing{abuve a few h\mdtwd mettes -

(Rodhe et ali, 1982). [In such instances dilution may only oceur

ithrough: horizontal disperson (Neiburger et al., 1973): The' effects

i .
of wind velocity on poliitant dilution are, two-fold, by horizoncal
dispe:s‘ion and ‘verticalmuixing. The effeccs of - these arg, illusl:rated <

in Fignre 1o shwing :hat greater wind velocity increases both ;

horizontal and turbulent mixing. Hence, 4n ynetal, pnuucanc accumul
£on is “moiit’ fnvoured vith an 1mlex'sion and 1ight winds; whereas

assperaton i3 most =f£1c$ent with a large positive lapse rate (uns:.!ble

Y

:nndltionu) xnd high wind. Velocity. ‘Aftet mixing and cuspehion within

the bbunda!y layer'the main Feductibn 'tn pol].utaru: doncentration 1s by

removal processes (59:1“:. & Fisher; 1975). ﬁ«v

¥ ¥ o

105 Tramsformtion '

- Those pollutaﬁtn uhi:h are not: deposited near thuir source are

Likely to




Y

'secondary pollutants; It should .

are q'i{tr;mely»'tompifx and so at _this st' e ux{u T smpuued o a

large extent, Much of the sulphur dloxide (so

i’ the atmcspﬁ;re

1
hhen ructs um\ vacer vepour.

oxidizes to sulphir Lr;loxtdg (S03) vhick

. ‘to form. sulphuric acid " (H. SG‘) mist» The s\ll,phuric acid in th
<

* aerciol then feacts | uith other ma(erials i thevair tol form sulphates,

= ‘particulatly amnni\m and calcium sulphaces (Haagan smc & Wayne,

1976 " in Stern)" ~Sirce research suggests that su1phnte (so 2 par[icies

of 'the! order K/ x{iamete: h.we smauer: d!!pnsj.tion alocfr.izs than ,'

ety T BOG &,y w8, cnnverliun o 505 1ncxeases m li’fetine up' tol ¢
A . N + o

-, v:hrea ueeks (Env.,*Can.} - AES, 1979), and ennsequenuy the. acmifymg

.1nf1uem:g of emissions is extended to’ greue: din:anee;s

T rate ‘of

g . 'from 0i1% o 10¢ pef houry Not .all 50,

DeEcsitiDn

214
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a:id and _ to}(ic (mainly alumi.\lium) lnvels.

; Eife:(s on :eues:riu ecasys:ems ‘may be more . éomple}c mms‘_

- m samé cdses highar it‘rogen Teyels, cai te .beneftclnl to- plant

grw:h. !lnwever, anidificatioﬂ 15 ganqxallx hamgnl due to he loss

. of plznc nutnents. zeduc:i n in sou ch.unge cupacuy, :educqan

1o a\lailable Phosyhorus, and 1ncrane i the solubility of “aluminium

N * (McFee, 1979). The more direct dupact of acid. ptecipitntim\ o planc‘

- - Eoliage may_ a::l:elernte r_he 1ench1ng of nutn,ents aml 1m:rnse the " W

e erosian of eplcuncular waxgs. - AltHough '1¢ ds moré dxffmu: fo e

observe.a aueu. correlation betueen reduced plant gtowth and aetd " T, el Hgeg

N E .
pxecipicanon (patticularly since laburatnry simulatinns are shert g my § 5

= g term and :hé.aetual fects ncc\n— ‘over 1oug periudu), umlyaes of 1T d

u per anhum. -

Qv g X sm.u alsé gives a senuuvuy index £6% - selecced boreal’

Pt ptevllam: “in the pruvlnce (BeelFig. 1-5)., baseﬂ on 2 foliage H
i
tolerance or buffering capacuy -:u Acidificntnon. ogusr, Hhisks are” ¥ ‘

'only imltrect eucm;ea bageﬂ on preli.minary work. Linhen, sdme of e b

{

which may sleo be’ used as an 1ndi.cntor Jof urbaii pollution; is- themost . ' . i
R e !

|
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° but once alkalinity Ls ta.w.wad incruses Ln aci%:y can beé rhpid.

_; o, b w B 17

“major food source,

The su!ceptihility of certain areas to scidificatlan, that is,

ki if fer capacity, ie.de 'by the' hemi geo-

morphalogy and hydrodynamics of :h. system. These detetmine the

capacity of soil .and water to neucmllze‘ acids, resist pH change in

vatér* and. absorb metal and'organic compuunds (Haines, -1981). “i'lilst
an area still has some £orn of. buffering (its alkalinity has not been -

tor_ally eli.minsted), pH decline in suzface vaters may ‘Be negligible;

: Huwever, it should be noted that teductinna in surface water alkllinit)’

. may also- oceur 45 a teauIt n‘f,lam; use’ changes’ and may mot iluays be "

: humie and fluvic acid content.

‘Hatne, ew Hmpsl\ire, Nzw York, New Jersey; m:m. Catolina and Florida

“west coast; so that large aveas are poorly busfered: (see m. 16,

a:!:tib\xtable {u acidlc de’puslﬁiom Reductions in ‘alkalinity have belen

fmmd 1n' (‘\'zea: Britain, Scindanavia; oﬁ:a}m, Quebee, Nova Seotda, '+ . - ~

,(Hnines .1981) Headwater " lakes may u'ndergn.mnre ra 1d lcldificntinn :

Llun thpse lwer in :hs watershed dueto their highat flushing rate’

and .lmver buiferh\g capacity uf the. dra!.nage hasi ks a :esult, msh 4 s

 are ofien lodt from these hkes first arid ‘80 tequira Lmmediate atten- '

mm (Hnl‘vey, 1 78).

: Although Newfoundland is geclogically Lquite complex L

ossihla to make cemum genanlizsuunx when de.unearl.ng araas of:

diffeting buffeting capscibles. Much of the island cnnﬂlsts of, grauixiq .

. (acidic) turmatione, apart. frnm iaolated limento‘ne areas’ nround :he

’ﬂ\ls is furth\‘_!: aggtnvnted hy extenstve peatlum‘l areas wit high
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B o
High to moderate
5] Moderate

[ tow to moderate

-

(] 75

Cliss Relative
sensitivity
1 Low
2 Low to Moderate
3 Moderate
4 Moderate to High
5 High

Geology

Extensive areas of limestone and dolomite

Sedimentary rocks, containing widespread
calcium and magnesium carbonates

Volcanic terrains; major mafic igneous
complexes

Quartz-feldspar gneisses; sedimentary
rocks poor in calcium and magnesium
carbonates

Granites and related rocks

Source: Nfld.& Lab. Dept. of Mines and Energy

Figure 1-6 Classification scheme for the sensitivity of areas of
Newfoundland and Labrador based on regional geology.



Ann:hg: means. of detgmii;ing t;he-buffgring‘ capacity of water

. s by a’ualéiéa~5&:u:a:iér{‘ Index¥ (CSI), imei»a :he,hiéher éhe csT

' }dmher, ‘the greater :he sensitivity of thé vatef. “Although duch-

- values vere caleulated’ for Newfoundland recently (Cladet, Hitteman &
‘Whitlow, 1980), insufficient samples vere taken from the in:gtior,
50 that Further samyliné' is required to complete the data.
it ia-clear ftom senalcivity/huffering data that despite betog
situated wsLL dowmind of -the mjnr North American emission areas,

'llewfoundland \‘nay I:e suscaptﬂ:le to lnng—texm deeru effscta from

relatively minor increases i pzeupicucsen lcidir_y.

However,




(1) to'determine the acidity (as given by pl"l)-\mlue), conducdvicy

= (111)‘

Ko

: and chiencal concen:ta:ions (504‘ NO3, NH4, el . ca'™,

', (11) to idem:ify e degfee of va:labi\k.y in selec_ted p‘

CHAPTER 2 8 &

STUDY OBJECTLVES AND RELATED RESEA,{CH

2.1. Stzdx objectives. -- ! 5 N

The dim of ‘this research nay be stated as’follovs: ¢

, Na, " k%) of 1ndmdu.1 precipitation events col-

le:ted ou the 1s1and ‘of Newfoundland' o .

ipita-

tiap chemistry valuen (that is, pH, SDA’ NO And I )

a to” synoptic: 1 condltlons pr:vauing
at-and prioz :\‘specifil: pzecxpuauon evenqa, g

to idenrlfy the degree of. vntiahl!.;lr.y 16 prm:ipl:atian

chemisr.ry be:ween specif!.c events as a :um:cicn of puticulur ;=

m:eorclugical vntiables, including p!ecipitation duta:ion i

pripr fo event at aampling site and ‘the total precipitatiun

"and précipitation intensity at site during the even:; 2

<o it Lo back— aje s foriselected precip-
1tatinn evénts from panisal it cumputer techniques, 1n order

Jto dlstinguish the dlstsut source areas contrlbutix\g to’ the

most. acidic (an; ’cgnsequam:ly mns: pnlluted) preclpita:ion,

“evefits' on the Is and; ¢

to wm;mxe ln nnd ‘distant saun:ea con:x‘ibu:ions :o

precipitntion acidizy for nels-:r.ed auaa aud»ev:n:a.




Although reference will be made, to' inirial researéh and

work conducl’.ed in Euruxze, a. mote :horoug,h mminatiun uill be made

of prsclpitatlon am‘l tra)ectory related: s:udies recently cnnducted E

in North Ameuca./ﬁe m:ention is hot to ptovlde an axtenulve

cf]rnnolagy of all acid- preci.pitation research (see Cwling, 1982;

. .+ Thow awareness of n.e concept prugtessed ien respect £ chang [og "

Tresearch ains and techniques. . o Ly B

E T e ;L 22,1, lm\ovative esedrch tn Burope;
3 Rohert Angus sm:h is gene:nlly regard&d a8’ pioneering acirl

yrecipication reﬂeurn:)\ with his pubnc

Begi.nningﬁ of a Chemical Chmamagy," ta 1872

PN 5% . 1ts ptincipu)_ concepts, for some ot whl:h he recetves uc:J.e eredit.

P g Based on numerous precipuaciaﬁ samplea collectegl at uthan and

VoL = . and the asount And ftequency of rain \r snow (Cwling, 1982)
el oo . sm:h al.scr gi.ves de:ailed desqripuemz\of couecuon and analytical
:echn!.ques, noting che importance of prevem:ing dry deposition into

a vet sample and uv;ruz zequirements regarding‘ﬁ:

m:m;iun. of

., particularnterest s his re:ognlcion b the changlng chemtst

prec‘lpi:atian during dn event, a fact uthh Has greatly Iafljenced

the mogt racenwampung vrccedutes cm Rnynot & ayes, 1982).- . .

Misnienskt & ‘Einsmn, 1982), but.a se,lemon ot mn:erial to. exatpine -*

to. :he‘ g-rang f of

-




air’ pulluzaits came from anotfer Britis) st

‘Leitester, _Englqd prohably carie fmmv ‘source
Génnanyq:ﬂm. i964).c 0 i iret L 2 g T g
E . Subs uen:ly, the acien fic swarenass of acid px‘ecipitation §

came less from the analysis of, ptenipitatipn ‘samples but’ £rom

! “'nllmnqlngy, agriculcm'e and atmspherié chemi 'ry Th1s is. pre}ably

{0 he:a\lse -there is 1eas aceurdte historical data ont pracipim:iun

chemistty, whereas dat ‘from other ao(xrces nabled bet:e‘r cowpa:i— :

f‘)form 6F, sulphur dmx@e -and $tsp

o
k\_ T MeFee, 1q78 Ceuling, 1982). One of :he earliest preciyir.a.tiun T

netuork.s, thg Eutapean ALE ,Chemistry Nemnk (EACH) vas esr_ablished .

nie'_ perlod from 1955 \

(Barnes. 197&,) Averagrpll levals vere as. low,as b

Che central ar&a wi:h sulphm:e 1dentified as the ma;

T arciduxns:iqn. This wds relﬁ i ﬂoubling ‘of Eutupeaﬂ . v f
0, em{;éaons' weep 1950 -and 1970; in addutg{x, :

" pn;:hropo-ge'nic




g,

i used g}ﬁguuim aga Prom EACN to tést r.heir theories of * A2

pollution_ : " and

don (Cowling; 1982). Houever,

the major con:xihuv:ion of Sveden s&'}tlve sxurk cume frnm Svante

- odén' who, althﬂugh being a $oil scientlst, in(egrated al1 aspects

N af acid~ptecip1:aticn in hls :eseatch‘. Ddén s Hol‘k ‘Acludes -

Sy un, anzlysia af the chemistry a\rainfall events at several scacions in .

Swedsn, £or usm. he ! tl\en constructed J—day back—trnjectcries at’.

¥ g -the 850 mbar._pressure level.” Althnugh details of the :xajaccozy L.

F’ cechniqua are.not giun his results 1nd£cute that najec:o ies

v'passing n\v@r igh emisuicm steas have'a dower pH,and substantial

incrqases in sulphuz nml hL:mgen 1evels (na:n, 1976) s

“0dén ‘also Lnttoﬂuced the coﬂcep: of “lanpin uﬂeul‘:y .

~.su1phur (and ‘other chzmicu].s) 1s depasited inép the grnund along

,us trajectory and e Ity mn the by ‘diEEu- - |

ol 7 sion y Suchas evi ins _‘ on. It is possible. that..

+hts, pracess may !esult 1n the up ‘imation of sulphur
- spde oule

(0dén, 1975) Ddén & researéh created muct{ m:'ereu'z amongst i

‘scien:mg and in fact led to. Sueden '8 cm\tzﬂmtinn at’, the 1972,

G & United Narions Gonference on the Huaan Environment, entitled: iy

The Inipacr. ui Sulphut in |

‘Palludon hcross Naticial Bound|

and Precipitation, The re‘pntt I.‘,i d. hundreds Df lakes that had

5 ™% ’ 1os:u:’heu-abuuy t nuppon: f1sh llfe. For exlmple, 1n Euuthern

St:andanavia d\u‘lng the perind 1910 tu 1940, only’a feﬁ lakes had

it pH lsvels bel 5. S, wheree! 1n 1214 40% of" 155 lakes An, s etn

anusy were halnu ‘that - level (Gu

|<n 5 McFee, 1?7?.. 1:he repor




. X ; B R . 2%
also varned that "a sinilar situation might possibly exist within

" certain areas of Canada and the north-eastern part of theU.S. A

and thu a "detailed uudy of :he uulu.ood of such a developﬂant .
_is a matter of. nrgmci' Howard's hruy. 1982) [ hLenough e ses
Vi fll'EIlﬁR had little ].I])Ic[ 1n l(orr.h Al!!ﬂcl, European’ terest was
) - setfietent £6 Initiate the establishment of the ‘SNS¥ Project,. the
j O i <N g an linary Research "M@piu-

' from 1972 ¢ to 1980. -In.addition,

tion — Effects on Forest and Fish

md deposition of atmqaphe!ln -}

i"u:ndy of the 1o?ug-unge transpox

e N DI sulph‘ in Eurnpu vas cominioned Byt

Drglnizatinn for Economlc

Cuwnazntiun l:ld Develnpnent (OECD) frﬂm 1973 :3 1975, The O'BCD

i undmg- .mmd mc me area of adid precipitation covered 5

i vlrr.\ully all.of nnumuum Burope. They also ‘confirmed the '

 concept of, “long-range transpoit, l\wvin; that dach European country.

s msuubly ‘affected by e-uuon. from the oclm' mupean

«countties” (oacn, 1977) . 5 = -

* b uezangncmmsml. =%

l’relhlinary rumch focu-ad more on the “Tocal affecl’.l qf

sulphur’ dfoxtde and heavy. metal depolitiag around metal mlung
P
[ )
Cump-ny (Inco L:d ) ‘at Suabury, Oquri ’n\e 1n1:u1 reunzulnn b~

yo-thie ‘etiec! of tha tional Nickel N

maple, "t 1966 4,000 ptak

Lnke 1n Kﬂhmuy Pntk (Ll Cloche’

“ 1968 ot one of the ﬁ.n cm.lld “be Ewnd. Subgequem. pH_




in 1971--a -

Im‘ndx:ﬂ—fuld hmk“le. l.n sddil’.y (!ﬂw"j & ?e{l

1982). A survey
s Yo cunduc:ed in the saze ‘ares {d 1971, xevenled u:.: nf 1so mﬂ- :

betueen:pH 4. 5 and 5.3 teraed "endlny:ed" (esntoh & tarvey,y
" i972). The; lnha:qunt disappearance of fish’ followed a ‘sinyfar ; :

O paé:em to those observed in Scandanay: (l{.ine- i981). 1In 1972 e

e \Im:b complated ha huliding ot :helz Aoo metre

559 o : - progr ,car ‘-i-* -of preci i bybonhugruanud

. canadm mrmenr.a.

- tioh necwork ‘cor  established by ¢ d-

By 1951_, 50 ’/

g zhe Vnil‘.ed s:a:av.

Hing, ,19315. eohbina mums frnn umg pzagzmu snubml

x La .?‘thér
foénd 1d:, Melo, 198 Cwlins. 198
:*_and Wi uiouﬁi & ll.nzm




uormg Netwotk (Am) u-a

(only)-‘phuipitatim.: .

Va:foui Bi.tea hava'alsu been. entablished

Yhose in Newfoﬁnd].and
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| e )
o 2000km

Source: Cowling (1982)

Figure 2-1 Average annual pH from Sept. 1979 to Oct. 1980:
based on data from NADP in the U.S.A. and
CANSAP in Canada.
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“aluds during

% _magnasxum. dnd calcium as a result of drought conditions dufing thig ©

lead té'large erfors when' siightly different variables are nompare’d.'

Such -errors may aries shen constructing his:orical L ‘deopleth _

|
- maps which require data collected ovér several" years, ac ~varfous -

‘sites by different arg,anlzstians. Farexample, recent vreeearch has

questioried the vahmy of evidence (ei., Cogbill s Likens, 1976)
suggesting that. rsinfnll acidicy has inckeased in eastern North
Aibrica significantly since the 1950%s. Alchough lhnsen and Hidy'
(1982) conclude that :here probably has been, an. incréase in ,pxeciyita—
tion acidity (this cannot be verified due o im:umpler.a data),

s:enstsnd and Sm@nin (1982) i.nterprec any appntent increase in

setdity from' the 1950'5 to: 1970*5 ‘a8 a. result of unusually high'ph’

e 1950'5. 'x’his was. inferred from the high 1evela of

eal’lier ))erind. When chese values are con’acted there is little dif—-

i fereuce betveen precipitation valuss of .the 195078 and those. of , the

. ~1970's. Hweve:, it is J.mpnr:nnt to rememher thuc there also exist

t inherent problens’ with the, use of caxre::ion valugs, 80 - thnt it is

virtually imposslble m dta nxw frm cnnclusion frmn this da:a. .
3’. - Other 1naocuuciss when comp.uring data pay arise. From
although. it s

changing collection and amymu procedures

posaible to mke,corxeunm £or pH vnlues tuken sevetal years ‘ago,

these ate not totally satisfactory. s-mh pmblm even queauon the

‘absolute validity of the EACN data ul:h_respec: to data filing and

ahemii:.l analysis-’ pa:em‘n & Scorer; 1973)% Thts;  however, ‘Ls ot

"+ to the extent of i.nvali.duzi\\g their overall tesults for che spread

of acid,preclpi ation over Europe mentioned previously. Ina

_detailed revigf of Rmed problens Hanaen and Hidy s conclude




sions to acidic deposition, and that met!orolnglcal* variables shot
be' given nx# at:ention, particulerly with respect: to the total ionic
compasiticn of precipitatiun. T

~ In 1978 the gaven\ments uf Capada arid the United Stdtes

formed a combined Research Ccnsultatlcm Group on the. Lo g-Range

sclentis:s on-eithér side, ‘The. repor:s fmn this grow (Al:ehuller &

McBEan, 1979 and 1980) idenf.ified tio ' meteagolngical sltuatiol\s Con—-

ducive tu long-range transpurt ‘in easteh\ North America, namely, :he

stagnatinn of sumex:ime high pmsuze areas over the castern portion -

enahling transportation of accumuluted poilutants from dource’ to.

-recap(or areas. ‘ohce pullutinn has collected within these warm, muist

“atr nasses, removal by precipi(ation s favourel with. the l:nnvectivg .

shuwérs typical of such llr.masle!. I'n B@dition, w‘hen a stagnncing

antigyclone breaks down Lhu{eading eage ©of the ‘advancitg cooler adr

mass’ is oftgn pr:ceded by a fl’on:!l zone vl\ere ptecipitatitm 1& li.kely

“to oceur (Alr.shuller 7 Hcllean, 1979). '. " L SR

: FDllwing r.he estnblishment of the Research Cuunltltion

Gronp in ISBkthe twu guvu(nmenn signed a Hemr mlum of Intent on

Trina| aundary Adr Pollutinn. This vas a Teaponse to Mactualand . |

pocential dmga :uulting from :hq long-nnge tranqu;; of " uir pcl\

lucnnts 'betveen colntries nd in ecognitinn Df the already ie!‘lcu&

prohlem of ncid rll (Phnne II S mary Beport l981).» The mmotan-

dum covetra-all: aspetts of ‘the probl lncluding emisions, aguatic and

terre :rial ecosyntem effacts i uing oi pollucunc mvementl, »
N&a
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impact and emissian ﬁgncrnl assessmenl:s. Although mot all™the m'sults .
~obtained are avatlable in emﬂ chere are some rnher,conclusxve

fixwings which tend to gace any suggestions (hat acld ptenlyltation

posés 10 serious threat, Some of these are as:follows: - . [ .
’

1)

B Sulphutic acid haé been identiﬁed as, the.dominant com- .. |
pmmd cnm:rlhutmg to ‘1ong erm surface vste: acidifica:iun.

. @ Studies of lakes in, easgem North ‘America. show igher
By 5, "l * sulphate levels than those./expea:ed from matural

: sources—these also océur in'areas of high 'ﬂmuspheric
deposition. - For exaiple, in Quebec S07 in surface
o " waters decreases funhir enat and n\mtﬁ

R

res, andlyzed., from‘lakes " in Maine, Vermont .
shire show significgnt. pH-décline since the .,
his 1s reflected in lowet metal lévels in the
-, gediment, ‘since a. low pH maintaina metals in the vater’,

co. l\mn Bnd a change in the’ diaton wp“lation, .

Lung—Lem water quaur,y data and sedlment cores show thac
" acidic depogition has,ctaused’ long ‘and. short-term
R acidification of sensitive -(Tow alkalinity) surface . 2
.+, .waters in Canada and the U.S,A; Any comsequent’ loss.-! - | w
G e o genetlc fish stock would not be reversﬂ:le. i

.. (5). ' Aréag of Low P~ (<4.5) currelpond with. () regicms of .
717" " nost:intense, enissions of SO, and NO; and (b Degions
. impediately downwind st | these 3

It Ls 1n:e!es:£ng to note :hat I:he usa oE sedimenr. coras may prove to-

" bea useful tool for detemining Lon|

tern. chang,es . uar.ar i, et

providing that. any chnnge in mtal concentraclcns m.ny not be attki- .

hutalﬂe to or.her fantors. Such resulu may in fact show that:'




actdity value (U.5.-Can. Exec. Sumnary, 1983). In other words, the
F . f vniue_nf PH 5.6 taken to indicate “clean" precipitation may not be very'
T -realistic. . ARG i
S unmugs. this reseatch also included transport modelling, fev

- demxu have yet.been publlsha{ regarding techniques used or results

'obuunea._ nmm, ir t\‘aj!cr.uty arialyses reinforce the con:lluion Bon

that nun—mde enissions have a-major 1nf1||.m:l on actdie depuum" o

G S.-—Gan. Exe Su-nlry, 1983). Th= usee:of :unupun. models’ ldll now

e ducuued in'more detail.: .

have hedn fomlnnd to relate pnnumc aepomxon to sobrce emfs- s

» . .ux«ms. The thru main ty'peu are (1) Lqrengg-n. de-.un; Hith the n: .

i rewval .xmg an .1: mass :nje:t (2)Bulerian, 1nvolvi.ng a hr;a e

mli)er of émission sources and diffum! release halghtl id:h’.n

fixedgrld and-(3) ’ iy sirtibastoy m\of dve

. hnd chemiéal’p:

cesses qummuax & mun, 1980). ’lbdeiz to uunn

A dry‘ and vet depoﬂlim of polllltnnts lnclude lhe DECD LRTAP s m‘ly,

. the Sulpluce laglpn‘l s:@y—sunx (mk et al.

1578) and th Advamed o W

suﬁsuul frajectory x\ioul Aar Pollu:

1979 . maue mndela each 1ncntporate emiuaion dat ta lnd uati,wxﬁivns & g

zmv.l procesaes to give daposician duta fm-

.of dlspeulnn

'_specific vecaptnr pol




| fhitdated 'as part of the LRTAP project in the mid-1970's.?

“tioh samplimg conducted-in Hawhii (Miller, 1979) and-Bermuda (Jickells

5

into: conpass quedrants, Results. _indicate fhat the more acidic

330
With xegxrd o :rajenr_nty zmnspo'u [models, three hava been.
selected, fox‘ teferral—-the ‘Adr Resources Igboratories’ Model, the’

Heffler Intetactiva—Temiml Trafisport Model (a veralon of r.he ARL

¥odel) and the Canadian ’;sphenc Environmental Service Mndel

ARL Model. This enables Phe'calculation of forward and back-

ward trajectoriés at any level fn the northern hemisphere. Precipita-

et al., 1982) made use of ,this models riu: all sampleb collected tn

Hauaii vere on an event basls due .to the remsteness of some of chx/

sites, and since automatic samples ere not used, cantlmtnnﬁun by dry

deposition may have occurred, Trajecr.ories vere. edhatructed for the

00-5;000 metre layer from 1975 to 1977 andA most were cntegntized

4 precipltution in Hawuu is nuociar.ed v-rich flow -from the north and

gtea:er nltitude, with pH 5.2 at sea:level and pH 4.2 at 3,600, meues.

The au:lmr suggeics that the washout of alkzllne aerosols may cause

auer a:idiky on the coast; 1in addition, the site at 3,600 metres is

nhave thz level of mximlnn preuipitn:ionA 80 that less dil\ldon my

acca\.mr. -for -the lower pH at. this altitude.

L In Bernmda, all unmples collected vere on a Het depnsi:inn 4

event bnsis _except for a: shnrt period when bulk sapples’ wez‘e colleuted.

‘In hitseane ouly theed ::ajecmry ucr_nts were, chosen cumpx‘h:lng (1)

cnntinenml North Ameti ca, (2) South Americ lm‘l ttupical illnnd

ol (3.),(he Atlaitic Odean east of Bermuda.|’ The mjvrity of ‘the ‘most
5 3 B ol

;. Murther reference will be made to. boin c'ompu:er and- parival
Grajectory cechniques In Ch. b, For furcher reading dee Fack et al.
(1578).nd Welaoley & Haillor (1982). it .
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acidic events (pH < 4.5). originated in’continental Nay/Amema and

. . " "+ were found to vccur during winter when frontal systems pass regularly,

neifcex Model. Wolff et al. (1979) collected precipitation
s s event implal at sites within the New chk Met'mpcll:an area betveen
L+ 1975 ad 1977, xot enly for the computstion of h.ck-uajecmnas but

atsoieo compims spattal, me:eorologiul and. seasonal variables. Once,

égaiii-sone St the samplea may hayet included dry depositinn sirice aito-

LN natic smplezs were not use Although the r.rajectory tec‘l’mlque 18 no: :

S R acually ed, it 'vas corducted at the Nltioml

. Lnbutatory andso 18 assumed to be the Heffter Nodel uged by. Rsynor and.

Hayes (1982), :zejec;ofig ere calculated “wtth wind$ averaged fron

5 e the surface to 1,000 metres for £ive days prios to the event and thef

= s *. divided m:a'six kecté!s the ¢héice of uhlnh uaé not: explained. How-

ever, results lm‘licste that trajectm:ies frmn the suu:hwest and wast

& @ (which 1nc1udes Ohto, 4 high entssion aren) have the lowest pi values,

aurl tﬁnse fzam (he x\uzr.h and it (Atlanti: Dcean) [he ‘highest.. Loweést
yH values were. alsn foirid to correspond wuh cold frunt and, air mass

'(non—honzal) :ype precipication events, which oc-:urred more then in

# sunmer along the sulphate maxima.: It is interesting to nox:e thac aix

’mass type shcwers or thunderstnms geneuuy oceur within the )mlewnrd

R N flow. around. the western side uf a ﬁigh preusu:: sysmm, uhich has been :

* docy 'ae to th pulation of Follutants (seé p:, 30). :

5 Using t'he same basic- :mjec:ory mode.l (bu: w:lch th'ee au

| § s opposed to_five days back 1p tine) over aelactad hugm intervnls, .

) Rﬂ‘ur and Hajes . (uaz) ‘were. able. to telal:e the chemistry ‘of precipim-

. Y . tion events - (ar. Btookhuven.untiunnl Lnbhrntm:y, Upr_un) in New ‘{otk to -

'a number of mef.eorologlcal pauluteu, including synopiie . eype, ‘séason -
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pre:‘m ation”type i rate,’ wind direction and speed,’ and Lemperarure.
\'(esul indicate that the lowest pH’ vulues occurred during “the summer o

upgn pn itation amounts are lowest, and dyring ¢old froit and

squall timeprecipitation from relatively polluted air in warm sectors ' -
ahgad of told fronts.  $nd" direction indicates, that higher pollutant *
% ' evata nccurred during westerly vinds from the New York urban areh.:

« " Trajecturi.es fur some of’ these evants auggest :haz the true source my =X

be distant; from the Ohto Valley (Rayvor & Hiyes, 1982) teflec:ing the

difficulty involved wher ut:empring “to }iuinguish hetnee‘n“lq;and 3

.distant. pollution sources. Tt is ?{t

lent to note.from these studies

. . that logical' pai an event are’ equally .as 4

g mportznt "1 fot hore s than priar ttajec:ory path, 80 ‘that studies

equ considering the latter may be Inadequate vhen explaining varis £

. ab\ility hetwesn ovents.

AES Model.. Data on he AES Model with respect to wet deposi-

' tior was nly published very recently so reference will be made here .
to ary deposition data. Barrie et al. (1980) Used 3-dinensional, -

day back-trajectories ac 1000. mbar. (surface) for daily particulate ' . 3 ot

v @ sulpha\:e and gascous 50, cancen:ratiuns collected a: a site in south-

western ontario

For % trdjectory from northern Canada on Fehruary 16

A © Nl low l:um:enttn(iol\s (0,76 ugm. -3 : and 1.1 ugm. S°z) vere found,

When_tl-_ne trajectory shiffed south to the United States an-jncrense of
3 5 ;

pollutants was, found (4-9 ugm.”> 507 and 18-20 ugm. > $9;

18 and 19). * Similarly; trajectories calculatéd by Chang (Clark, 1981).

on-February

. . .. for ontarfo Hydro indicate that air parcels from'the souh and south |

“vest: have bfgher concéntrations of ulphate serosol. Tor an event-on’

- 20 April 1977 4n southweatem Ontardo valdes:of 25~ o ugm. : so vere




taedrded;” msvoptated wirh § slover moving air mass from the southuest &
(twice the amount recorded by Barrie et al. fot a snu:herly ctajecr_oty)
In conttsst, strcng narthwesl:ez‘ly umés gave very low aerosol values
(Melo, 1981). Desautels (19&1) tsed the .u:s Model }decemine the

variation in Ei_:/;larcn S over _Qnehec to re@

- season and the preserice orabsence of péecipitztinn, based- qn 1978

. weather conditions. ‘This and éther research mantiuned in this chapter

again in Chapter s

2.2.4." apptbacion. of 'manua]. czﬁjmm—ies
L/‘A@huugh cnnaiderahly time l::msuming and perhaps 1=s<;

due to

smn‘a‘ arche stiu ‘au

sites in the Huskoka~saliburtan atea of -central Ontario batween 1976

‘and-s 979; and co sea level : traje ries fron.

surface pressure maps tn track: air pArcels back AB hours to their

" wogtant ‘of origin. “This i a similar method to that of Férland (1972)

‘except the latter :hose six as npposed to eight sectors af origid,

Since it Was not always possibla to l:crllegt’ single events ‘Rurtz and

scheider conducr.ed dutn analysis for hd the enl:Lre data set. and tor
singla events. Both; data sets shoved éhat the mjuricy of hyd.z én lon,
sulphate and nLtrate deposited were asgodiated with Lrajectotien Prnm

i
.:hg wes: nnd Bou:hwest octants, No further consideratien was givm to

meteox‘olngi.cal paramtats in this study.

vty Ina ploject: canducted arom\d Sc}(fferville, Quebec; Leuls and

Hrebanyk (1979) cullecr_ed wet eVBnl samples (whe!e pnssible) during
\




A

rsinfall events for' Schefferville (nct‘qet published), the authors,
mentifiéd three impotnnt -storm paramer.els relatéd to r)ﬁcentlal pol-

xutaz\: depositinn episaHeS‘ J ¢ %

(1) “the pésition ‘of the eyclonic storim track,in association .
with che 850 ‘mbar. hkck—trajectory;
(z) ‘two ot mote days. of am:i—:yclonic wéather n ‘central dnd
eastern Npr:h Aue imediately prior to event, < i
—_—

_(3) the, number of _hours ptecipxl:szinn was. occurrin, wlj:hin
rhe storm prlur o_ ts ‘arfival at .Sch effervillé

scnotding ‘to the -

ﬂlang a*track fron" wes?el‘\! ontaita across James Bay iXto, contral

Quehen.' However, ‘the :xmefories,.for oth smm!aze quite sxmux’-\)

udhury and Noranda. ‘The sngmy

’ 9 \ precipitstiun prior to reaching Schefferville, as nprpas

on‘&é saly. This study vas, hwe‘ve

% Shaw (19&0) sampled wet and” dry ‘precipi:xtion events at St. | ;gare: s

9 pay, w Tural éite {i Nova scoua, d\xring 1;:5 197a agd. ‘1979, ver -

Fasi lts
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detexmlne the ‘contribution 'of'pouu:j.on from»ln:pl and distant sources:

. " ¥men s\llphale (St. Margaret's Bay 3. -2 kg ha %, Kefdnkuik 13.5 kg.hat

and- hydregen e ft. Margiret's Bay 64,3 neq.u 2 Kejimkujik. -
17.1 jlequm” 2 levels at s:. Margaru s Bay were founi £ be Vsl a
treble those at Ke;]imkujlk and Truro (140 and mo ks, respec:ively,

ftmn Halifax), Local surface wind di{s yere used Bp detamine if

Ha_ufax, 25 kn easc of the' si.l:e at St lmgaret H ot acung as,

a Mlocal” so\‘.lr, e Results suggesr_ tha-:—xpp:oxinately 502 of :he ammul

\éeé”aepos‘.i_mn at St Ma:guet s Bay s due £o'50, catssions Fom >

i Halifax. * From r.h.ls i\: is eal’.imled l:hat Z? kg SDL 'hu. Y. in 1979

was frmn :us rsuurces. Trajecteries for dimnt spurce events were " |
...J

Of sath-source region is Largely gnverned by ‘the frequency of recipi.m— O
g o

tion events from each region. 'nm in inct is ths case for all studleu

.12.2.5; Reséarch -in Newfc\mdlanﬂ

prujects have, been !.nitiated An fhe dast few years. Precipita(icn R e

FLgure

t pm-em:.
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L

va'!iabmly Ln the data, The rean vd\les s

"’.' feSpeciively, The slightly higher acidity

- © 'this “Dllld be lnde v(:h t:ﬂll:iun ‘Iuﬁg Chey are Illm!hly iip\raa nhn

ove;z,rﬁve-yur geriod, o3 that. 1’ - attetcult m di.sti.llulah natural ’

pltti:uht'ly where data'is missing

mprx betveen CAISAP ulul for -




TABLE 271 S
“Mean Manthly CANSAP Values for Gandersand Stephen\ville .
£fom 1977 'to. 1981 ;

bandex'




; « g8 mhm\g precipitatian chemistry to meceotological viriables|an APN

dite (see Cb. Z, p. 26) was installed Bt Bay D Espai! in the late Eali

4 daily basis. . This is the'

i

i o of 1981 to sample et and :lry dapnsits
| fo ;

ek K " nmost"sophisticated acid precipitation sanpl i network or thy 1slnnd

UL L at pmaenc, and shmld yield some’ im‘.erest 3 reaults. As yet there‘

hns Beei no sequem:ial sumpling on the island in reluticn to ncid

!Ents. Due' to :he 1ack uf loug-tem da:; .

SO G T R sedmb@ ca{es afe uied, see’ ch. 2. 31)‘1n Ne\vfmmdland. “However, ©

CANSAR d-ta does. md cate” cha: acidu:y is

11 times 3reater th&n ~"c1ean" p:eupi:n:mm

phyto and * zooplanktcn samplés conirn (:hg nenair.tvity maps bnsed om-.

;_and ofi the' eastern side OF the Great Northern Peni.ne:la. - Another
project ‘involved tle fonitoring of 22 Atlantic ‘salmon riVers from May,

ues in certain riverd

{1981 "to-May,. 1982 resulte- showed that-pH




“miy vary by two -units’in a given year and thé pH may drop as low as.
54 6 m cartain .areas, which is below the level at which m_. specigs
Become endangered (see Table 1-3). " the research at ors nas alreads »

bgen mentioned- in Chapter 1 19, howgieE other reamt&h includes

e x:he long—tem effect of slmulated acld p!ecipitation on forest: soils

and any, effects pet:ain!ng to seed gernination. %

A8 gle 1cusly mentioned, acid precipitation’ research inNew-
.fuuudland s, xather iimited and biased tovards, the effs:: on' surface
waters with.a noticeu‘hle gap with tegurds gy relation o meteorology
and mnspo:t, With this. tespact it 45 hoped 'that this project néy be

the m—sc of similar wnrk on a much latga: scale,, so.that. the advance-

e
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PRECIPITATION SAM?LING-ATECI-NIQUYES T N

3.1. Samgung areas and site locatfons * - .

", ldeally precipitstion samglh\g ‘sites for this study should
.
be chosen to, give the most. spatially representative, sample of 2 .

praclpitation events Eor ‘the dsland of }lewfeundlam‘l. This may be

interpreted as either havirg sites spread equally over the alend,

purely in a spatial coffest, of that.thelr location be representa- "

: mivs of diff'e'm‘.g vainfall amounts éxperienti over ‘the 1sl'a‘nd.

Although perhaps from -an ubjectlve statistfical viewpoint' the g

:ame: i.nterpretntiwn may be prefemfagui all amount is an,

= ', important variable in :Tda study so thatthe latter intention muyl .

be. equally valid (aee‘l’ls. 3-1).. since ‘the: rui_nfall cuuec:ou

‘réquired close supeivision (see Section 3.2(a)),,anou.er pre-,

& ¥ " requisite for their 1ecatian was'that “f1e1d workers havﬁ pemanenr § S s 2
(, i access to them.l ‘For this reason and those discussed previnusly A
e - sites vere 1ocnted and opetated as follows: R
v - o ‘siee’ 5 Operator oot 4
wiz N St: John's (Oxen Pond) P 2 HcCullough & i
Cape-Broylé . Cage Broylé Forestry Su:ian Sta
Bishop's Falls, - Negfoundlard- and: Labrador Hydm
Grand Lake Lt e y : i

S © Norris Point o /. . Dr. D. Belsl
P . +»'  Newfoundland
e

. ~  Salwon Dam
- <, Godaleich Pond

(X ]'Due to the limited funds available, fnr th.Li study all
. collection bf-samples in ‘thé ffeld was cunducted a a valum‘.egr’ N
ba %




. .0 50 100 180km" - i . L g
e . 5 B A . .

; ” @ Location"of sampling sites
RNy %7 B Precipitation (mm) adjusted. to, be.¢

“ Map bf ‘annual precipitation for - the 1siand of u-wfo\mdhnd
& uxch uudy -mpun; sites !ecand.
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? “The number af sitr_a was umued fo seven.since this would !

not produce an mesuve number of snmples for smlyuia by arrange-

ment -with I:he Neuioumlland Department of - the Envirament.

The actual: eite hu:m:ion of" prer.ipltation collector

be such as f.c reduce as fat as pussible any, ﬂirecl effectﬁ “from local

pollutiod (Lee. nearby | chimney stacks) - contantnation by dust or dry

\; ‘atmodphéric depoeicinn and through—féll from vegetation, whidk may " i

s '7 “be contaitnated uith T L e :allected fiom® Lt T

1éaves and branches. In additlun, a celler:tor slzed closa to.a

’ building'nr - than one ucrg to r.he gruund niirasaton ,lass

It-was lwped oﬂginauy Lo comnce smpung n v:he begim\ing

2o BT % o July. and continiie for at 1;33: zhrae ‘months, st a1l sicea to ob:sm

ak least 10 su.lnplen for each sitel Houever, ‘due to problm vdth :

installation aud _the avauahil_lty of. field uorkere “the’ com:ncmenc :

r.he Eanuwing secuon) Cmsequently, there is a uigniiil:ant di

g -1, |3 70), pur cular].y
G Decembe, to :om'pen \te:for sumplea Lacking af a:no{ sites. }'

f Ind’.vldunl ;u\scn tons. 3 W B

o gyl s:. Jnhna(ﬁxen Pong! N I

- In ayeta:lon za July r,o 16 Decem&er, 1951. This ‘site was --'

located’ approximtely 1k west of the huilt~up acea of e, Joha's"in




- Oxen Pond Botanical Park'(see Fig. 3-2), approximately 11 ‘km east of

the Conceptiun Bay coastli.ne and 6 kn vest of the Atlm\tin coast at

I S St. John's harbaux. 'l?he collenter was situated on-a grassy south-

LIS * southwest Eacing slope cleating (mgle af slope 25—30 3, with the

¥ neares: huudi.ng app:oximntely 20 metres :o the northwest: -and'a *

: X cnniferons forest area approxtiately 13 metres to'the south and

advthenst (dmalope). Local and. regional sburces of pollution

include St.” John's itself (Blthaug'h thete are né'large indivl.dull

" . sources of air pollution in the' city) and the Holyrood. Thaml

(Qenerating Stacian point squrce 40 km to :he aou:huest.

R Rt S “This’ part of the Avalon Peni_nsula cmprises ailtstnneharknse,_
T . cnnglomente, slate and acidic-to’ 1m:ermediate volcanic rocks hnd ts .
caassxgied as a moderate to high, sensitivity area with respect to

surface vater uptdxfxc.éciqg_(aee Fig. 1-6)

3,142 cnge Btozl : ) .
- © . In upe:at‘lnn 28 July to 5 October, 1981. This site is

i locar.ed on a ridge of relntively higher gto\md (appzox!.mn:ely 150m

- above sea level) betweeh Cape Hroyle Harbour and catvert Bay (see

Fig. 3-3). The ¥idge Ltself-is largely unforéated, marshy in plades

and dotted with several small ponds. The fearest settlement is Cape
’

: - s : . w
Broyle, ".aj mately 2% km to the The' collector

was installed by ‘the Newfoundland Departmert of the Environment at the

Cape Broyle Provincial Forestry Station and was previously used for .
Io " weekly precipitation sampling. It is located approximately 2 metres’
to the west of the low one-sforey forestry building, with coniferous

‘trées 4'metres further to the west,<so’that it is sheltered on both
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Figure 3-2  St. John's site map.

Key for Figures 3-2 to 3-8 Scale
Built-up Forest Pond —
- [ e
A Location of collector = Road

Contours in metres as.
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ER RV -

es. T, nf»t};i.s,“;:f aiiy, wonrd weres wlightly redl/n.::a"l:he.

eipe of precipitation and possible :# SR from ¢ . a1 . : -‘ . .;”,7

e st. John's the Cape, Broyle area consists largely: of slate, con-
’

merate and-volcanic rocks. which places it in a modera:e to high\/\

.sitivi:y category. o g : @ & o ‘.ﬁf)

L3, ‘Bishoe s Palls ., w ¥, )

ared

wve 200 me:res a.s. l. Any 1acﬂl pollution Bffee:ing this sit:e would 2

f:om q\e town; of Bishop s Falls U &m.to ‘the mu:hues'
ing aaphalt Plant 3 laf fo the east. A . A 2

s The Bishop s Falls area constitutes part: of the.sar dsl:ones,

.
dcmeratzs and aeidic \rolcanic rocks “of the f} ood’ Gx.'cup snd .,

quently fa:lls within :he moderate to h: gh senaitivity ca:ggory.

Grand Lﬂke P a ]

The e

Hydtu, 50 that there should : i

11 or dust s,lnce th_g soil appeared . L

. S




Bishop's Falls site map.

Figure 3-4

For this figure only all areas are forested unless marked Otherwise

Marshy, unforested areas






the. steep sided of thte Hind's Brook Valley ris‘ing “to, nsaﬂy 5007

métres. 'This, area’ 15 also  maiuly” forested. excepn for ¢ certdin areas -

¢leared by v)lydm ent 16

pzeviously. The

2 llauley 11 km tn the not:heast, Deer Lak 19 km to the mr:hwur_, and -

"Cumar Btouk 59" lem ‘to: thé ést-southvest.

gt ¥ The.. m,. nonmna vnriuus rock types includil\g nonglom rate,

: san\asmne, shaje and linestone of the Ccdroy “Group. vﬁ\ich g1

LTy 'meaerate 6 high sensitivil:y classifxgacio'

In ope:aunn % August £o' 29 eptemhet, "1981.° Thg sezbiém 0t

-15 situszed jhsl‘. abovensea 1evél on a small pes _j.nsula u‘lbﬁin the }ord

S -
G 28T 1..1:: of Bomxkba see Fig. 3 6. |The area 1s sun:uunded by ‘high

- reliefcut by steep-sided \mlleya, rising’to-over 600+ mcres on the n ¥

| southuest: side of ‘the! intst, and. over, sou etres to’ l*ﬁorc easr in

" thé vus.ni:y of Grus Norne (al:hough the, :lmedtata area-to t‘ha north :

'.ana nouheasc 1s below zoo metres). As.a, resul:, utogtaphie enhange-

ment ‘pf precipitqtiun is 11kely to’ occur ‘in ufls area aud wi:h eon "

: sidetable lacal varlalions in amont, 1ntena1ty and durncinn of

preciplta:in at times Large ateas o ‘the nozchv side of "the bay are

W
.fores:ed wherens ‘the’ umn:h side in this area {s m:lxlly ingoragted but with’

3 several sman ptmds. The nrien:atien of Bar‘me Bay u such that it may-

,act to accelel'al‘.e onshore nor:hwestekly Hlnde huG may redllc tha










. Hg_u-a—r Salmon Dam site maps .
e P R L T



3.1.7. Godaleich Pond.

“In opn.c;on 2 August to 2&0¢:ober, 1951 'me wu’eccnr

2 o - on# level bog bysa gently 1 ndulatd whnd atea between -

1b0 -lnd 300 -lTel l\uve sea level. lin:h' of the area is forested *

+® with numerous nk.n. m_,.x was -ppxou-u;y 15 ‘metres froi the

ny]m road and 50 metres from the neare

it trees, so that contamination’ . -

may: have ‘tcuried from Toad dust, alu\nugh this is less l.lkgly than

at thin other Upper Salmon site Aiioskrto: fhaiadud- & o

“Both south coast sites £all vithin the.highly sensitive cate- i a
4042 g Gy e 4 8 e 2
gory due ‘to'the’ prédoninance of acidic to mafic 'volcahic-rocks in .

the area... . * .

HE ~s 309, Preciglzltion colucmm— s \ . . )

gt | each site to be related to _‘ and 2

conditions. mqwuu appear to use the terms event and-indfvidual

or l!n;le ﬁm .ywny-ou-ly-. but dcr not give a strict daﬂnlu-un in
,-1979; Shav; 1980; nxxu &

However, it seems that in most

-mg‘h continuous ppriod of

prlclpitltiml.‘ This 15 nuﬁed to result from a p-:ucnm— low ' . 2
‘ 2

2 fro-‘:h.. sise low:. This was -no n.q'uu in this ueudy bur. “only.

-wheit’ :hege W -1gnuﬁzmc break, b-twean periods uf cun;!.nuou.

ﬂ.nld ‘here as P‘ =,

stem (as’ddternined . .







B

| by surface amlysis chqr:s) in sufnneanuan:uy for' chemical

ax\alysla (in tits chse betweén 350 nnd 300 ml) "It fras ot passible &

. ko collect: samples from single air mssea, that 4, individually fzom

both the arm and wld ael:tors assenisted with a fron:al depresnion, '

« due to the diffltulciea that uauld be. irivolved in uccmzacely timing

. . k- fronnl passages at an_h site ‘and the passlbili.r.y that 4t ma ; ‘oéedd,

. dum\g the: nighz. e 5 ) T

* posgible’ effgcts nf nzfermg dmounts ot l-u:nt (1.3. when

- p:ecipi.r.a:ton -camences earlier at one site than another),

¢ and ette 1ocu:1on, parciculurly the effect, if any, of ellef;, .

) the 'menunuunn of the most. polluted ‘evénts (apiandenz)

Sinl:e some low praslute aymﬁu weré closely fouwed by

ﬂnother, not n].l the ‘samples couacu&\g:nuuu:e events. However, of. . - |

) samplqs ahalyzéd £rom -11 sites only four Have. been 1den:1ﬁad as
L X Ll AN o

8 efilinde, caferestiin event in which the highen: l:nm::n:t-- ;
\uons ‘of sulphates -and numzes occur.
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- composlce samples (nee Tnhle h-l, P 70) As pxevinusly mentioned 2

the di.nrapan:y in the 'm.llnber of sump]es collectgd frmn each site

tesul.t lugely from ﬂiffering sanpllng periods; udditioml/factora

tnnluda dlffetent precipitation event frequam:iea at the site; ma

umples m,m..m dn site (for exa ple; .at Bishop's Falls and the Upper

sumch‘sir.es)._ Consequently. there - _a lesa data nvailable ‘for be:ween~ ¥

gite compaxxanns, pxr:icularly of :he Bane. event at differenc'.ms.

92.1; Collectors - ; L g

g Sampling pracipitation eventn u usully ‘nomiunté_d with' autos -

mnc swplen whieh open”at. r_ha onnr. nml ‘tlose at'cessation of

'precipirltion o yrwem; a\mputltiun (Hamn

dy,' 1982)‘and any"”

. ceueemn oi dry depnsics.v Two ' HIC! (Model -A). a

omnatic saiplers- .

. were_ ‘made uvalluble cou:/sy of the. llev(foundlnnd Department of the °
% ;

Envitonment -For se’at cher st.

John's (Oxen Pond) and Cape. Btoyle

sites. Tnu saiipler ‘ts able ‘to ‘coltect hcth et asd dry4epcsi:s (see

Fxg. 3~9> uh’.hmlgh xn v:hi- cA.e aply et deposi vere coliecteﬂ.

the onset of pzecipuuibn a aensory plﬁ!e ncM.\mtes a tover to expose

the wet cougcto: -nd ‘cbver the dry nallectot. Hhep precipitatlm\'
\

ceues the ssmwty plata 1Es nnd r.he cover retumu to the wet cul-

lectux’. Tha pla:e ll extremely sansltlve and requires litble moisture -

.o be activul:ed however. “aosure takes lungn——upptaxlmately two

midutes’ (:hliad.eu to ﬂm as a function

of wind speed, ‘air tpetltuxa and huntdicy), but lnsufficiem: time

'fm- dry depostrion soheaiinaton;

- This type of: colle:.l;nt was previously userl um. a bucket for
. sample Tecelpt: butfor this study large polyethelue bugs were used.
This was to redyce any contantnation that fay" eccul‘ ehrough inadequate
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rinsing of buckets between sanples and for easier handung. Brecau- .

: © tions were taken when.opentng and closing the bags so that the inner

Iy area, exposed to precip{tation was not touchgd. The bags were closed
Y by extracting as much air as possible and then iaking a tight" klmt, g g

b O hefore careful laha}ling, Although all T — heat-sealed (by

' . : the muufagtufer), prisr to use, any contamination from the poly-

ethelene was determined. by keeping two bags of deionised water.

‘ . r at c. «c for : ¥ six weeka before z:hunical

analysis. (reéul:s of Wiich wiil be discussed 1n:0fl. 4 and’ Appendix 1115 -

. N s, S g nnly tho MIC samples whre, uvauablé additional co

lebtctn were construc:ed for use_ at all ncher sites (Fig. 3= 10) The -

eslgl\ 1nvolves a sheet: of 3/8" mauani.te o which initial preuipitatiol\

collects and is channelled (hy' shaping and ulnpe on’ the malonite) into

a tin, uhich B full, cnunterhalaucea a piéée of lead-£illed coppet

&
PR hulcﬂng the 14 down on the collector. Once fhe veight'of water o

3 the tin' Excudl the weight of lead the l.id opens. A small h‘gle in the.tin ) -

({‘Cs as a slow-drdp mechaniim, so that at cessation of pteulpitatim,

the we} ht of lead gradually exceeds that of the ‘tin und the 14d i

; ® . ¢ closes. : . e . oA

o i, " ThE amount of precipitation required to open the 11d way 38is

estinuted (from initial :asting prior to assembly at sites) as 0.1 mm,

. byt this, and the tize requ:(red depends upon the t.linfull intensity—- .

. the greater tha mmnucy the fas:e,r the 11d opens. Slightly less, . i

§ ., * g .. ‘than'7.5m of pteclp’ita' ori in total is required to open the 1id and :
\'provide a sufficient sample (250 to 300 m1) for cheniiel analysis. o

|

. v .omce rain has stopped closure vich the alowdrip pechanien takeg approxi-

. m:aly 10. minutes’ g0 that m:ia connmmnnn should occur,
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Aojosiod
© Asewld

500 pesDIS




The conséxuc:ed collectors were operated using the same poly-

5, ethel,ene bagh as. for' the autmtic :ollepr_mrs. The bags were-also

= msed to cover the cnuec:az lids (-J.ao made from maaoni,:e) to inctease

rai_ufnll run-off dnd to" prevent, dlipping into the collector bag on

closire. Colléctor hucke:_s of both"the HIC and constructed sampleré

gl were positioned at éast. one metre (but not ovei 1.5 metres) gbove.

me g'round to feducé any trifluerice: Erom microtopography and enable

i L2 dasy dperation. ... T~
;e _ QUP ; .

f ot + 5 me nqurl:y of the .ampung pex'iodl The unly problam with the mc

pla:mnt qf cha sensox—y plate, -which dld not.
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2% E & A - 66
- . © 7 Collection / Nearest Autogaphi¢c -  Approximate.
) : ¢ wds ¢ . .Rainguge Louum? . Distance in Jm +
* " St. John's (Oxéd Pond) ° ‘St, John's Adrport N s 3
- - " Cape Broyle » LI Tk K
$ Bishop's Falls - . _Gander Airport o 67
4 * . Norris Point - . Daniel's -Harbour 8-
Salmon Dag St. Alban's ' 9.
Todaledch Pond & ¢ » , 56
Grand un . Deer lake Y

Titis .likgly :lu: the dhum:e between, the uukqnn sites. and auto- - -

graphic ningaugl u:e; mf possible 1nf1.uenu of 1hurven1nx mpog—

. . raph'y w11 have led -to sone Ln.&uracy 5 tie. tlning of events and m




. ,f N &5 o bags" o m:de'r to maintain ool

durl g Toad:’

On arrival the lamples were {rzm.aﬁenad to




y nsecte Hate found :ln

&n c;mgga _Exom the poly-




! J.dmg 17 both ppm (g.l ) -and milliaqul\mlents

it was also possible-to cnlculnte deposition values (mg w ) for so,‘

(After curlectlon the rem;ning anians are :efeu:ad to as exces inns )

The cnrrectien 1s made with the tise, of a pomputet proy rsma sbich provideb k

Althopgh' ruuh.’s vere

uvailable in ‘both urtits, analyses invo].ving “ch % data vera :andu:ted
1.n ppm to emble cnmpﬂrison with other Yiata for eastem Cahada (see .
Appendlx IV). Since ninot‘contnminakion from Cl nnd Na "'was shown 'tn
have. czeurred £10m, the polyethelene bags used’ (see Appendix m) ‘over=
correction “of the ‘seasalt cuntrib\ltiun to SOI‘ and Cl may \uwe teaulteﬂ.

Consequen:ly the ex:ess SOL and €17 values given may be very, slighbly
b ’

lnwe\‘ thapy the actual values, -

By pravidi.ng the amunt’;of totL prenipitatlon :or each even: (hy

measurxng fmu:ly rainfull auounts given wh:h autogmphic gauge teuords),

NO and 1,
W

5.1.2 Chbmical relationships

" Pl s pertineént at this point to briefly col\lid:r snme of "the .

chemical ull:tqn-hipu that pay be axplcted ln pucipitlt(an. “The .




‘No. o} ;mlu for -
Fhichﬂcugl‘eu. o 05

alfd Cheémical ~ .° [ ', -
Analysis Condicted - No. of,"

. to:Satisfaétion - Composite
' ‘samplés




% sﬁlphate, and ‘nitrate to recipitatiml acidif_y La detetmined hy eiz .

qunntlty Td assacucioh wm- certain catim\A. Often therle my be.
a.

sufficiant excess ‘sulphate tmaccount for

L ety hwever‘ since amaonium uulpharf 18 an important, component of

ae“t/osols, some of - the.exczss sulphate s likely to be usociatgd with

wt amorium, It hds been estimted ghac, on average, nitric actd contri-

'hutes 297 “and sulphnrlc actdh 71% to prel {ipitation Az;idi:y j.n North

SRR A.miu, Great. nrmm and Scandanavia (Fowler gthal., 1982). .um\n

excess mgnenium. cull:i.um and sodfum £fdo act to neutralize acidity to
e : H

va u‘un-&:enc,‘che maln buffer is Gnsidgred: to be amontun,

|

Az Bnck—tmjectaries b % B T

- Bsck—ttajet:tories age constructed has)icnlly to locate, the

L ‘previous suucesatve positions of an m patcel, and ‘are pertinenr. Yo'

bo U ait pouumm studlee in that chey should be 1nd1cucive of thq

..emission areas over which the air parcel

‘velled. This metliod uf

trannparr_ mdelling 1s considered ‘numerically and cBnceptually vary

'(1940). It also

b1 the actdity a8 ‘gul'phuric




Tluonr.ic-l rahtionlhip bumen m-jok
Re: . dons in, prulp!.ntlnn. o i
.,




5,8 \uovidea the best evaluatinn :or changes m

ait mass’ cha:actetiscics

i 5 as :hey encn\.mter cuﬁferent surfgés (Pack et,\al., 1973). umu s

. o s:rucced of an 1n9baric surface and chosegonac:uc:ed on ﬁ\iaentrupic

e 2 suzfnce. The former refe s to. synoptic cha te of cunst’aht Preﬂsnre o

Gew F L% , surfaceu of cuns:an: potential tewera:%np_d, producmg 3 v

dp g " gtnenstonsl trajecr_ori.es ‘(Pettersea, 1956), 1% has® been auggss:ed

thnc xf vertical _motions nnd the grndients cf vercical mncinn are, * W e e
"

conside:able,

,en 1snbsg‘1c and tsenzropic \ttajec:orie may dif.fax: LR

Er : huuzontany bz 1 000 kn in 12 hors, and the curvncuren of the

Ea -\\niemueg mnay bé of :he L site sign’ (tha ;ﬁ cand
3 Je ¥ he other ant-icyclonic) (Dllniel.aen, ].97A) sm Sentrople trafec

. mries are more time—consuming to conscrucr. md may not s!'uays be

Ea | juat!.f!.ed by eater” accuracy, (o‘Nem, 1991) 1sobaric ctajgcto:ies

were. canettucted for this study._ It uan’:haugh: ehn: by const.ruccmg

! CFo B0 Dpgrenttan o 1s"the ‘Eimpefabure ah vosathiac BRI
E J7st 777 parcel attains 1f. brought dry adiibatically to a referench | p:esaum.
b .
i
!
i

usullly 1,000 mbar, (Bauy & Perry, 1973)




AP .F7) - trajectories at three levels, namely. surface, 850 mbar. ‘and 700 sbar,,

and then ul.el:l:in; a "m:un path, that some of Y.he lmcclnadu

;o heusmuummmm'smdn. I I

o '. ; Hovevet, it sh{um ‘be noted: that the 850 mx.‘em S R o &

‘ﬂaunlly _; zed ag bain; ietve of the o i levelat ... lgnf

j" 1 conditions (zic et .1., 19az). o nddi:ion, o
r.he atron& stublu;y of ‘the lower llyers of :ha a:nwlphere over Camd«t Yo
in-winter, mku WM of the sutface geostrophic swind inlpproprtnte "

il .:m; aeason (Smith & uum; 1978y, & 1y, 'if major

- oceur batwun trajectorie at different levels, the 850 ‘mbar. Tlevel 16" .

e & often ¢ ? the most. puh. However; Lnsducuu'

a tear surface m\mre £low layer may be t.ha cause of puci.plt-r.!dn s

shed = .~(1.

“onshore pz(cipitldon hyer hnlw the heuhx of: th

v &N pressure level--1, 100 Ig:rel a. a.l. on .vense) at an eut r_out site, b

with the’charts at all 1enh. P i

!
1
i : o that trajectdries need to ba snalyzéd lw,bjuc(lvnly in nonjuncuoq "N ll

fcxjsﬂupllcity and -ccuncy Mthin tpis munmi, elmz i ul:m of

o W 1&.;«.1 uchnlqu of wctory construction vas choun

L 130 trajectories were to be produced. One he nvuihhlu 1. t]

of Pettersnln (_1956) ‘Ch, 2, p. 27)! which r\quku the. mean af tub

autimtioy for each pravivm- -uccu-lva pob\t from tha oblerved vl.nd o),

ukm at th:'ﬂn: :vo.lppmxintinnu fram the the lrtlng pc;(nt. ;a

b,n‘n a'final -pp_roxiuurm. 'l'hn .aim 18 to account Eor lny ch-ng- -

in vind velocity (displacement) between points. This -:hod vag- . ©




- b 'h and end-pom. Follwing Shaw's p:ocedure, the. oHserved viind (as

given on a}noptie chsrt) vas used Wssarer ponsﬂ:le ‘and, 4£ na:, th

geustrnphic wind'was calculated ysing appropriate ‘geostrophic wmgf

ucsles. Hence th methlﬂ proceeds as follows for upper air charf_n

at. 12-hour incervals :

(1) Select the searest chart pricr to thy isa of onset: ni g J
.- . precipitation——for example; if precifiitation started * . I ;
o at 08.30 (GMT) start withthe 00Z chart. This'is. .
Lo considered” important- since initfal precipitation'may - -
w KW contain greater quantities of so T-and NO3 as a resulr_
. 4 3 .

J 3 _of helw—cloud, srza‘venging. . X . g e

(2) Star:ing at, ghe sampung»at:e in questi.on (Point.A), use . .
. ‘s the observed Wind speed reported from'the nearest” ¥ »
. . -+ ~station to plot-the position of the uir mass six hours~ -
! ; . .°  earlier, follpwing the iind direction s a mean path. [
P <. from the nearest station obgervation and the, :rend oft -+ v
Eh : © the isopars.’ Tils is‘Point.B. i . v Ty

. (3) Locate Point B on Chart 2 (1.e. 12 ‘houts* prLor to -

% . - .. ' Chart 1), Follow the same progedure using the informa—

: 1 tion at Point B, td locate the position'six hours, i

fo R e B . previous to thié: so that Point C therefore relates - ' g ¢

i I P to'At = 12 hours. Repeat the pr@cedun at Point/Ctas - . °
- J 4 obtaih Point D which.should then'be located on'the “v. f. " .

i .77 phare 12 hours prior to'this (chart 3). - B, Mg

o o
This methﬂd may be used at the aurfgce level also ucep‘thlt only 4 q 7

“one painr. ia plotted on dach chntt, since they are nvai]:ahlz éVel“!ix

ho\ué us cpposed to every lzlhaurs. Ttnjac:orias vere noncinued back

"




o ¢ . .Apart-from the exclusion of vertical mm.inn variables, the 2"
main prohlem'wlth zhe construc:ion af \trajectcriu involved relaung . el -
~a ¥

the starting :me of precipitatinn at a site to" the currespondmg start . T

408 the trajecto:y, that s the tine of the first cfmfc used “.This was -

pareicularly che “case. witls upper qu charts since they e only produced ,

A W »tion. Anar.her source. af arrér wey have rasulted from miasing chgrs.s g _\'
g * e = i along a crajecmry.‘ W'hen this cccurted a; :he upper leyels and addi-' - . %

. cidml 8

huurly segmem; Hus plotr.ed on’ :he cﬁnt pti.o(‘ to and after

Tl e mmng chiart.. With:the - surfue chucs a I:Iu'ez—hnurly segmen: was’

ki B ’

six evenu . Event

1l|corporu(e each ua :her cype tuo montiu: vere sol 'csd Jugust md‘




The infomaclun required to run the p:cgrame 1nc1udes l:he

] e)mct .s:ntcing, lucatian oﬁ r.he trajectory (latitude and longitude)

and the scartlng; date i

given as

- s1eest

) llotrls Poimt/i:::d it o}
‘August 04 . 06
‘August ‘18"

October 03 .
*Ddtober 09
atober 17 ¢

st John s

& Bishﬂp 8 Falls/
+ . . Godalei

Too e aré backwuxds for five days at aix oz ‘{atervals and at'three”

* ST levels m the verticul, 1 ;000 mbat.. 925 id°850 mim Zﬁhmn, N

k 1982). The dodel. wses, objecr_ively—gmlyz 4 wind fxe.lds,'uir,h mouitai

N
nnd irichion induced vertical® mcio

being comppued at the Lms:

T leval ,(olsen, Ulkmu ‘Wacafee, 1979). mnds intemgdiute mel-

T vere previousl e guced{ wit m-umr in:etpola

(Olsnn, 1981) »

“but - m model o

ar tatas bi—-cu le';in:erpnluziun uhich 15 ccm

Maillot, mz)

artis~1’qint nd- Grand Laka i
t-occurred, at both ‘sites only , °,
‘fron a.point equidistant'tobpth
si:as. -ms vns Qlus 6}1 cuse for B,’{uhwp s Fallp nnd’ the Uppe: Sﬁlm
a!.:ea :

L g 3 !
i thie, nﬁ‘ort dldtsn ce betwee
aml sinilar 1.E1tu\ie, when ‘the ver

“t] é Trnjec:ory
‘a and _Hlillnt (1978) N




4.3, Identification and classificution of meteomlogical
. “conditfons” Ing precipitation evenfs -

In earlier ptu.tpi:a on atudies emphasis was® gi.ven to. che

the. !ssociured m pmel Hwever recem:Iy, equal, if fot ‘more,

Anpgtng chemistr r.hrnu houtan’ avent quge:her wieh wind directicn %
Y 5 2 ) i

4 wind speed and :emperuu:e (nayngr & Hnyes' 1950)

Rowever, due r.o e

£1959) clu ttigation was develupea tor hahudot ‘since: an pl‘e-



w _' - . important parameters for_synoptic/ueather_typa‘classificstiops (Lewis -
& Hrebenyk, .1978; Wolif et al., 1979), althoﬁ'gﬁ other zhssiﬁca':iyna
‘may Lnelude. different frontal types (Raynor § Hayes, 1980). . e E

‘Frontracking the lnw pressure syscent the 850 mbar., fevel . cae

3 \ E aasnciﬂted “with each ptecipitation event; wix synoptic/weathar types

were classiﬂ.eﬂ. « g

1) Lahmdorlguebec Lows. Usu.ully ariginnti.ng around .xha Hudmm N
w3 5 Bay area and: fouowing ari! eastward
- path across’ Quebec %ind Labrador.

(i) “Maritime Tows: - May actually originate'in the Great.

s Lakes apea but stagnate:over'a’ portion
X I . of .the Maritime provinces, for\E 36 -

* S ¥ . hours. §

.
Huving northeast along the St.- Law'tence :
vallby- £rom the-Great Lakes.area. .

(11) - great Lakes Lo

o B (iv) Great Lakes/ . Originating south 8f ‘the Great. Lakes; . <
0 . . - East-Coast Lows: tracking east across.the Appalachians, \
‘ AR T 7.+ and then nor:heas: along the east g
5 3 : "coast.

i . ' () " sub-tropical'lows: ' Originating in ,ub-mpics bt ot ;
v # o % ek pre b g classified as Tropical Storms either. - -
* i ' S i ' (a) contingntal in origin. or’ 5% .
R ey * ) mati:ime Ln otigin.

Lo 3 f
o bl
d w8 (vi) '.:Iropical Storms:. - . ’Originally Tropical Aclsnuc hnrricanes,
P ~ .. ... .. follawing an oceanic path northward, |
e i T i | These:are non-frontal.storms, in con-

tns: :o the o:het ca:egozies.

d e l’ig\xre 4 2 ums::ace ‘n Eypicalt - path for i low pressure -system

associated wi:h each ca:egoty. by b

6331

Duration af reéi itation rior to rem:hin

S samgung ait







® i
may indtcm:e that nittate 15 remved more readily than, sulphace or is/ s

evis ‘and Hrehenyk (1929)/ also faund

not tepleni.ahed as: quickly

'»_ r,hs: events wuh sinilﬂt rajen:m‘y )Jsths hut dlfferent pollu:an:

'-».concenmmns could be. erplai.ned by uufferen: durn:icns of vashon:

'pnor tg: mcmg me site (see ch. L Section 3.209)).,

The durar.ion of precipi:acs.on prior’ to reaching a mn'pli.ng i

area was ttaced bar.k aé f}n)as pvssx\la.

cipitatio!\ pmr o cach evént also im:ludes stations regis:eti.ng




¥ due to: :h; large un\her oﬁ meemla:ed varmble anohred '

chenﬂ.cal

resulta Wi:h!.n the three

i"s‘r rletarmined hy mnu of ;n F-rtast. s In nddit!.nn, a multtgle

! Bventg fox whlr.h chmut:y vnluea ver mn ch
: by ¢:m.m1du1on. .







: muhh resul:a wo\lld tgquire the nam'pling of several! hund:ed

-The significance of the findings of this study will-be

~ 4 . &
assexsed ‘both objéctively with the use. of basie. cnr:e‘lation and\

Fql:iple coueuuon amlysis, and more subjectively from 1ntgrpteta—:
tln ‘ot simple graphs’ and 1 tables: It shoild be noted that with the

large number of 1ndependent variables’ h\volved more cnnclnaive

yractpi:atinn even:n. Novertheless, some interesting pncr.ems have

ametged Hhich uill bexdiacussed 1n this and tvo suhb!quent chapters

precipicuiun che‘ml.stry, wet depusizion nf H SD" and “03- antecedent

rainfall duration, pzecipua:xcn tot}xud 5 1y, weather “typé

“arid tempnral variatlon. Initiully, pmem\mm each group will

&

\

il Chemicnl ralaticukspe ‘..~ 5 . 3 "y

Vi ass ﬂppurent in"Appendix | IV' there-1s quite a 1.(52 degree

’ af Vatiabiliby 1n the data’ which Uould be expected with so many Lnflu-

ential variables and a' relatively small sample number 0£ 60, "Althodgh
o
‘a cnmpigte chmmu smlysis is preeented discussion will Be v




pe 71, pH wiil a}so be ri Earred r.o. but sl\ould b

_restricted to what are conisidered é»musx 1mp6rtanz variables with *

xespect‘tﬂ{cidm p:ecipitation, \\amly so,,, N03 nnd m-l‘,. (see Ch, 4,

egarded cautiously

mensurements were not

since its instability (parcicularly sirice “Fle

ossihle) mgkes it lesa reliable._

‘precipitation This also

to August to Decembet) snd locations, however. at p:asenc this da:a A

i prov!dea the only melns uf conlpu‘!snn for- tha islnnd‘ Perhﬂps more -

inqwttantly ‘cansap dng ennbles cmnparxson of 19&1 ﬂata w’i) ptevinu!

years' pzecipilation ohsmiury a ta in order, to dstemlne if 1981 vas

'l:ypiul" .

bi-annual

ear. C nsequem‘.ly, Fig\(re x umnzam me’j

(August to 'December. correspcnding with’ :he s:. Jnhn 5 sampung ;i
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However, it is §

ne alosely. Ihts sugg sl’-§. :hn a 1d1|:y levels were lower “in*

l







‘Figure '§-3 . Graph of N0}V pi, -







than concentration values. since \chéy are considered more pm’menc
(Shaw, 19803 Kurtz & Scheider, 1981; Whelpdaie & Barrie, 1981, Raynot .’ -
& I(ayes, 1982; Wilson & ‘Mnhnén, l9‘8\2' and Executivs Summary, 1983)

» Although it is B SESAEEE, aROGREATRN precipita-
tion. cause. greater dilution of 504 apd NO"cbncentrations, the .over-

riding effect is to increase the total wet. deposition vslue Conse=.

. : quengly, it is fiegessary to identify not only which vatiables fesile

in‘greater con rations ofatldic but which meteoralogical

condiuons result ina graacer nverall deposinan—-m o:hek 'ords,

what condir_ions are’ to high co ons-and }’igh pré ipila-

tinn umounr.s.‘ sxnce results indicar.e ‘that ptec‘l’pitatlon ev:nt" r.ntals

'have a< much btoader range (0 6-129." mm) than chemical cnhcem:rations

* (0,037, 96 g4 ) 1t would appear Logieal that 1o this study pre-

cipiga:inn amoun.t was_ the ‘mmore lnflueutial of._the tuo variables on

:he resul:an: deposition value. However, s:ar.is:icel nanalysis shous . '.

i \ depaqltinn “and, only 0.434 fm; precipitation £oral and so‘,. daposition

zsee ’l.‘ahle L o 2) A similar situation exists for l[ ~and NO depnsition,

|
4
)

!

i the two variables hére ontrasted 1n de:emining deposuion Yalues.

Wet depcsitinn w1l bé referred to again in- subseqnen: sections -and 1n

Chapters 6 and 7.

* atmosphere by rainbut and more pnu,:ularly, washout. qu all events

chal: this is not the casé w‘l[h a corrélation of 05 714 for SOA and SD,. e

shuwing that 'in fact éheirloal concen:ramn 1s the Anmnanc variable - be.




. TABLE 5-2

“. Precipitation Total and Chemical.Concentration
Corralqtf with Wet Deposition Values ‘-




kg

5.4.1. Total Erecigi[ltion

"at.all sites durations ranged betveen iz aid 88 hours, with appr&xi—

mstely 20% in a Category of 0-24 hours AOZ be[ween 25 and 60 hours
and '40% over 60 hnu

e synnpr.ic station 1nformtien f:}n\ sur—

face’ anal‘ysis charts® g.r.he occurrence of 'showers) was taken -

to indicate prior précip 1 addition to the shaded areas of

: prec‘ipll:a“gior}/ the durations are.probiby higher than might be

expected in sor Cages.

Appendix v; Eot carrelutian ma:ru) shcwe thAt ‘precipitatiun durq:i%n

priu! t0,an. evem: was more lelated o' chemical . m‘mcentratlons .

(b= O 0095, signumn: atithe 0.6 level) thin Sesthic types.

® 5.0, 091, slgnific:nc at- the.<0.1 1evel) 1: would seen tl at: the two:

Althoug’h squared multiple’ correlation (see one 4 "pp{ 82°1 ana

metenrolegical variab s are also. rela:ed anhough not t0 & s\:uisci— .

cally signlflcan: level (Ccrrelation 0. 201) “ Tahle 5-3 indicates

the mean, ‘maximum and’ minimum numbet of hours’ of.” precipi:ur_ion priot

to dn event for each we;thar typa. The uumber of cues fnr each *

veathet type is also given to show the” prnbablz unrelial!'illty 'e‘f some

“of thess means based on only a fov, axanpled. The: signiflnance of L -

these’ results will be discissed In Seceion 5.5,

”i} P I T

P:e:ipitatl.on totals for au events dt-all aices ranged

between 0. 6 mm B'nd 129, Z mm, with 377{ between 0.1 snd !0 0- m, 49% .

becween 10 1.and 40,0 ™ and 14% batween 40, 1 and 130, 0 mi, Mo sig- -

nificant relatianshfp (sae Appéndix VB) vas fouhd tween chenical ;-

“concentration and precipitatlon total, dlthough thefd vas @ dorrelition







Sy s ‘o = =g P 2
. with vet depositidn (as previously mentioned) Which will be discus SO |
C 5 A i e : 2=

e Hwnthly preclpitltim‘l totals For clich site (sn-an Dam'and .

2 Godlleich Pm:d vere cmlned) were calcuhted Eren--AlS Honl:hly
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$ = x ¥ . TABLE 5-4
Monthly on Totals July-December, 1981, At ALl Sites
; £ B Bay D'Espoir

e . Woody : Generating Stn.
St.John's 3 Point (Salmon Dam/
Airpoft: - . Cape Blshop s Grand (Notris Godaleich
(0xerj Pond) Broyle Falls.  Lake Pcint) “Pond)

1333 ,es.av‘ T ase.s

106.0 *. 1581 13,9

. 75.0 123.5 7 2110

18629 ¥
ocm‘uer B ;zz.é e 158.6° 132.8 - 108.5 20172
‘Novembex CTe2l3- 1T gari27 102.2 950 '11'@.4' T melae
\Edémbgr»f » ' Sins sl C1sa

- Meaw' . 175.5. 176.0 . ©98.3 .91.8- 107.2 -  171.9°

LN Toal . .1054.17 | 1019.8  '589.8. 558.9 .643.2.  1031.2

Environment, Canada, AES
July o Decenber, 1981.

Braukets indica(:e preciplcntlon event s.lmpling s:acion o s B

Pxecipi:nuon measu:mants in m. g




: B é/ i = 100,
fi;mon h period. . . '

5.4.2. Precipitation intensity R

Hourly values-of precipitation intensity during events

s . . .
ranged between 0.20 and 4.28 mm hr 1 with 28% between 0.0l and &
-1

1.00 mm hr™>, 46% between 1.01 and 2.50 mm hr ! add 26% between 2.51

K ¢ .
and .50 m b 1. From h-at the 1 Nattomal, ..
Laburatory 1n New York (Raynot & Hayes, .1982) flndlngs suggest that

. o Tow precipitation ‘intensity produces the higheot concenr.racinns of «

all chemicals due to minimal of availab!.e com— .

. pounds.  Althiough in this case no ,signiQ:am: éé}re1acxon was fou

between mean hourly preclyi:n:icn intensity during an .event and ~

N g chem‘lcal concentrations (see Appendix IVB), correlations cf 0.. 515 fcm

- “03’ 0 455 for SO and 0.428 for H were. found uir.h respel:t to wet -

deyosiciox{ (see Appendix,.VC). Since there 15 also a strong. cor-

s relntion of 0,654 (signiflcant beyond 0.01, seé Appendix VA) lzetween ¥ .-

precipisation total and intensity this ‘relationship may also result

’ FE . . v: o
m . from precipitation total, which has a direct effect on the wet deposi-
; 2 3 b &2 iy ;

tion values; No further comment upon precipitation in:en'sil:y will be
mde ‘since-this infntmatlon was derived from meteorologicsl stations

« % ubteh were not always located adjscant vto sampung sites (ns pre-

@ vioguy mentioned in Ch. 3, p. 6§)(

&Y 5.5. Weather type - T g X w B “
Tahle 5- 5 &iuqzmea the total number of cases of €hch . b

weather type for nll evenits (a), hy site (b), month'(c), and season

(@), It s appurent £rom (n) :hne Labrndar/Queben Lows occurred most 3

ftequem:ly during the study peri.od follewed by Greac LAk;s/Ent Coast




g o Godlleich Pond ~ 08 -

TABLE 5-5

" Weather Type

u/re ouE

‘o

Total Cases P

Bishop's Falls 06

Sumir (end of
,July to sépt )




Lows and Great Lake Lows. It'should-be emphasized that Maritime
Lows (which vere fofrth in order of frequency) do nét actually *
originate over the Maritimes,; but are Gréat Lakes/East Cosst of'

GrasEN Lakes Lows hat have. stagnated over the Maritimes for appruxi—

m:aly 36 hourﬁ or, mora. This 18 lmportant since cyl:lon tracks

would ‘iridicate mny more cyr_lones ‘tracking edst-and” nor:heast from

the Grelt Lukex area than are’ refleeted in thi'g cuble.— (Although

Lahraﬂor/(zuabec Loys predomlnate “bverail, Table 5 S(b) emma:eg 3

+the west eoast vere of} thi :yps. ' m also 1mpurca t




TABLE 5-6

L
- Mean Chemiar.ty Vajues by WeSthek, Type’
o 3

(for all sites

Lal ec .
* Great Lakes/East Coast.
Great.Lakes Lows .- -
_Miritime Lows
/Tropical Storms .. '
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Although the squared multiple correlations with all chemistry

values (seé Appendix VB) showed weather type to be only weakly related
i

" to precipitation chentstry with a p-value of 0.0919 (at < 0.1 level
definite patterns emerged which will be discussed with possible
explanations. As Table 5-6 illustrates, Labrador/Quebec Lows pro-
duced the mpst acidic precipitation evénts with a méan pH Of 4,58, 50,
1.47 and N() 0,70 ng.1"! ‘elosely Followsd by Waritine Lows and Tropical

be due to the more sdutherly track of some Labrador/

waulﬂ incnrparate air from the industrial areas on

the nonhem shores of the, creak “Lakes, including the point sources of

Sudbury in sau:hem Oritario ‘and “Noranda, 1a southwestzrn Quebec. How-

evet, lws trackihg iurther nar:h would pass over no high emission

aLeas which, under sinflar meteorological cunditioﬂs, Souldrasalt 14
3 1uwar actdity Levéts: Evidence for this confrast was also found for

events sampled ac Schefferville, Quebec (Lewis & Hrebenyk 1979). In

addition, Lab: dur/Quehec Lows appear to occur most\f,equently during

©sumer months when, the accumnlatiun and long-range transport of air

pullu:ﬂnts is mostfavoured. | The relatively aort period of . prior pre-
cipitation duratiun (able 5-6) adsociated with this weather type may
algo be a contributing fa::az to graster concentrations of SOF and “03'
K * 0 The high acidity Levels; parr_i:ularly 50, (mean of 1.70 mg 1™
nssccilted d’uh Marltime ‘Lows: may * result frmn a :nmbinutiun of several
fa::nrs, _sincev .:hxs category includes ueuthe( l:ypes originally classi—
fied ‘as Gzea: Lnkes/EAst Coast Lows, ami Gréat Lakes Lows, which
uagna:edaever the Mnrumes for 2 35 hours. This would enable the

piior “incorporation ‘of poll.utants from Lhe Gx'eat Lukes area and/or )

the .east coast. In uddir_ton, furcher poLlutants ‘iay have aen
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_!/jecced into the circulation of the stationary lov from Nova Scotia
and the east coast of the U.S.A. Consequently, the passage and
subsequent stagnation of Maritime Loks may account for their rela-
tively high pollutant levels, particelarly since the wean sutecedent
rainfall duration associated with these lows is only 36.8 hours,
providing a short period for pollutant removal in the form of wet

deposition.

| .
Alghough not as high as-those |associated with Maritime Lows,
/:hq_zelan.v high acidity levels (pi 4.71; SO7 1.00 and N0 0.40

ng.17") prodiced by Great LaRes/East Chast Lows say result fzoni their
]

frequenn | pesesge  ovar high ‘enission axjas of both the aouthetn Greu:
l.ukes area (1nc1ud1n§ Ohio) and the co utblﬂc:na of the eust couc.
The disparity between this and the me.w] 507 value for. Great Lakes Lows .

(0.39 mg.17Y) 1s 1onabl vhen.hom’l iated lows would pass'

over high emission aréas, although the former ‘to a greater extent (see
Figs. 4-1 with relation to ;’Lgé. 1-1 and 1-2). The most plausible T s
‘explanation for this results from the dj,(f:uncs 1n the average number
of hours of precipltttlnﬂ prior to events n-ochtad with the two
weather types; being 57.8 ‘hours for nm\\z Lakes/East ‘Coast Lows and -
“68. 7 hours for Great Lakes Lows——virtually 11 hours longer. This was

__shown on surface analysis -:h-ns wbare pru:.pit-tion associated with

G:ej: Laﬁes st was often e.vld:nt for Ln exce8s of/24 hours over the

Great: Lakes aréa before progressing east ‘twnda Newfoundland. Con-

versely, Lows orlgim:ing south of the, | may initially

conl um less mlstur: (-nd :hgrefaxe would pruduce less preclpitution)

~and n.ly “dry ‘out further on deuemung the’ lawlzd side of ‘the

Appalachisns; m:(. fmnta then being rejuvénated-on reaching’the east
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coast. Although some pollutants may have been wash::d and’ rained out

prior to arrival‘at the east coast, a major incorporation of pyi-

lutants over the latter area at this time in conjunctiop with less

prior removal due to lack of moisture may nt;cb‘\mt for the discrepancies

.betveen precipitatlon acidily (particularly with réspect to 803) « for E ,

these weathei types. o This will be referred to again in Chapter §.

Although Tropical Storms had a similar mean pil to Great Lakes/ . -
st Coast Lows (4,70 and 4.71, respectively) higher acidity levels
7 re reflected by the S0} valiie of 1.45 mg. 17 and N0 valug of

This dnex mkcon—upnnd with the pren§:e that due_to

©0.59 mg.1”

the re_latlvely unpolluted atez in which cyclogenesis occurs), and the

large Amounts of precipitation assoctated with such storms (and “Gonse™

quent di_lutlun) that Trppical Storms would ¥ have compatatively low SO4

/ and NO concentrations. Unfortunauly, there dre few related examples

P " to cite other than a hurricane uwpled in New York with a mean pre-
ci‘)itation pH of 5.16, wh! was r_he lesst acid of the diff&rent

, weather types sanpled (Wo}ff Knl., 1979) Hnwevst, further« research

is required to substantiate this statement since it.is equally "
Plausible that the Tropical Storns sampled over Neugoundland had rela-
3 o tively high acidity 1evus due to the ineorporation of: spollutanta froi
3 the eastern seaboard while ‘ptogtessing northeasty ar_|d their x‘ayld
conversion to seb;ndz;?y sotutaite i 8. st olnt a'u, mass. Alterna=. | .

tively; high acldiy levels may 'have resulted from pollutants carried *° ° .

Jby prpceding alr masded from the veat, despite the facc that pteciplts—

P , tion was associated with onshore edateriy sinda é.xtending £ron che -

ropical Storm.. . :.
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The smallest in number and least acidic of the weather type
- groups were the Sub-tropical Lows with a mean o of sas. Only three
of these were s}.mp}ed' 1in total, one continental, originating in the L
Texas and Gulf colst at;n and tvo maritine originating just north’ ‘;’
of Florida,’ These di£fer from Tropical Stords in that.they are frontal . /

and mdy "originatf ‘3ver concinencal areas, are not as intense, and are

most frequent dux\}’,;late autumn and winter when the sub-tropical high

hasshifted equatorvard. ‘It is interesting to note that the low of

.cnntinantal origin has apprnximately double the medth Eor concan,r‘amn 2 R
of tl\e maﬁ.time Suh»troplnal Los (0.73 ng. 1 =1 compared with only '
'0.28 ng.17Y), -r'qis nay. result fron greater pollition spurces sad
camlys:’s’ over the lai:d area, or to the greater dilutiun—ratz associ—-
ated vith naritime Sub~troptcal Love having a mean precipitation total
of 8.5 mm. S o 2 ;

The relationship between veather type and wet deposition’ is
illustrated i Table 5-7 showdng both mean and fotal values. To a

certain extent these exhibit a similar pattern to those previously “

discussed .for concentration values, hopever significant differences

occur with respect to total deposition values. When envan
" valyes it is-important to note the number'of cases for vhich precipita-
tion data was unavailable, since the total wet deposition associated’
with these veather types sh‘;uld be ,higkne: than the figures a glven.
' Labrador/Quehec_ Pt p— ‘(ox almst triple the total

depmuon of HY, 50, nd‘ w3 compared with other weather, Eypes, values ¢

i
(for Lubradbx(Quebeu Lous) vhilch would in fact have “been- highn if all i
i
data-vere availablc‘ Althmlgh total depasltion 1o dlsorm iunntian of |

X concentration value, the discrepancy betwéen chis and total deposicion i
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TABLE 5-7 . : » v g
‘Mean and- Toral Wet Deposition Values by Veather Type
(for all sites)
i : s ) .
8y ¢ Meam, | -, . i ., Total’
o » : b - .
= p == L - =%
. P - L4 . 8737.8. . .- 5nissing
] F L/PQ 2.5 _, o Lo ;
: ~» ° Mar.L . ¥ .334.8 fequn 3 nissing - H
A G/E ' .. a4 - . - 2 B e BEER
SR oo E » Bl 1660.0- : °  Lunissing ,
: Sub.L Subl  292.0 1mssing -
-s07 o i . s
2 = L E : ©0 " bighest
* T, s 2 35.8 L/PQ - 376.6 |
/P 2.9 GI/E 210.6
- Sub.L - 2.4 LT 18.8 agm™2, .
GL/E 16.2 Mar. B 112.0 .
Mar L 16.0 o\ ﬁo 6 .
- oL S8 Sub.L 8.7 .
% - B i -
L/kQ 15.8 L/m nl.2 : N
Sub.L - 13.3 TS 166.0 . :
L8 13,2 mga 2 Mark . - 63,7 uga—2
o Mar.L - 9.1 . 63.6 . :
CL/E 5 5.3 4.0
' e 4.7 2.6 o 2 .
@ ' : .
P . L
: 5 \ i
< i . :
.




. for 'say Maritine Lows vhich hal similar concentration values to G

. . Labrador/Quebec Lows (see Table 5-6) {s due to & mch srester musber I
' + 7+ of Liabrador/Quebec Lows occurring’ during the sampling perlud This o fa
slso emlains the higher deposition thaa concentration vlses for - e ok

. Great Lakes/East Coast Los which' constitute the second larggst mumber |

¢ of events and highest rainfall total, alGhough without any ns‘su&:f ' e

values it 1§ probable,that. Labraddr/quebec Lows would have the highest T

co \ precipitation total. This is further {1dustrated in Table 5-8 shoving .

of ‘these events o o tu:slling unly 803wl Hhts Siot e

2 frobably- result: £r dsténtly high com:em:raclon el Tn eon
| Qmy y higl

junction with toderate preclpitaticn tn:als (vich 30 b “betng ‘the
Tovest). However, -1t should also be e “that miesing vnlues tnall

but this and the Mzritime wencher .types would algo mnke the Tropical

Storm dep sition totals appenr comparntively higher,/ sp that* the' over~
e 4 5 By

U all “Tropifal Storn deposition yalue is quite high: In addition, the

Matif:ime'\ fos which ‘had- slighily mgher conmntration valus -:rum P

totals’ (see’ T.m . B gl

Tropical Storas have relacively Tow precipitatio

o ) (Vith\the_ex:(‘p of bne_event having 129.2 m) ralulting 1 R

ltver déiposition valués. .. - o . '

/ i Great Lakes. Lovis and Sub~tropical Lovs Eollos a ‘sinilar. pattern »
for- totsl wet deposition as for cancentra:ing va:.m. cheva-t. Lhe’ i

< “ i
. . néan. depusition of SOF and NO§ for Su-tropical Lows nnmm ‘higher

X0
- comparitively due to the ampupnsuy nigh précipitation totals
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TABLE:5-8
Precipitation Values According to Weather Type . . 4
L/eQ - EMGL - G/L - Mari . Y s
L3311 232.5  155.6 1871 80.3 177;0 3
. 16,5 21,1, 717. 23.4 - 16:1. ¢ -88.5 . .- g
43,0 7.1 49.6 120.2 - 3s:5 88J5
0.8 - 0.8 . 1.2 .7 0.8 L 3.4 88.5 . s
e iy B 1 0 0

.Precipitation measurements in mm.




associated with these tWP events, (:see Table’ S-B)A This results in.

: " a biased view of the mean deposition’ values, 8o that uir.h cms

study, total vet, d_epusi;;on values are'a better indlcation of the

impacts of different weather types.

5.6.¥mnral variations " o R

'netem“z\uon of tenpéml variatidns s limited since sampling
was conducte} from Augus: to mid—De!:ember at St.tJoha's but for' W

4 shorter periods at’ other sites duting this time . Consequently,

:emporal vatiatinna uxl ‘relate ;largely to mnnthly (Augus to

November) s o i qnd more Fticularly deposi-

Y tion vnlues at St. Jnhn Reference will also be made to .

It is apparen: that. bul;h ‘méan-and lo:ul ﬂepnsitiun value: uera highest. ’

during S:p[embe’

in fact, it and 5°/. deposition values vere -alaost

-l cénerarion ‘zal\les (see .T;N.e 5—10) it th: depcai!ion vnxuas since

August hal thu third highestmean z:um:enl:rl:icm.' Theee results are

“also a raflectldn of : the tempozul vntiutian of wea:her. types sincey

: Ly.5. Totdl wet deposition values for $he mouths ‘of ‘August -
: und ‘Wovaiber‘are- lowst than actual 1 sigures dte ‘to mizaing values.




% 12
\ .
. TABLE 5-9 N -
2" Total and Mean Wet Deposition Values by Month for St. John's
. . Aug. Sept. oct. Nov. -
g 23 -l -
H A eq. 57.6 1970.1 (15) 407.8 L 491.1
. 296.4 53,5 - - - 391, 788.2
. 74.6 1765.1 (15) 2031.5 (ar.L) - .
PE 0535 - 1164.5 (GL/E). 7.7
s 67.2 . 2229 157.7% '
Total 549.3 52268 2996.2 ° 1280.3 |
Mean . .  “109:86 1045.2 599.24 . 640.15
P
32.26 231.3 “46.3
6.45 46.26 23.15
NO3 A mg. e '
Total 9.8 78.0 'S4.6 29:9
Meah ' 2.82 15.6  .n 10.9 15.0
_Missing £ ' i
Valugs 2 0o . 0 3
’
Bracketed veather types- indicate "episddes."
g .
. i

L e
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- TABLE 5-10 ~ ' . F R .
. Mean S0;"and NOj Coficentrations by Month for St. John's . . N

Sy " hug. ‘Sept. oct.” *  Nov.

10.23,

. 5 A g
X -
' & i ¢
: 7 i )
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three of 'thie five events in September were Tropinal Storms associ- .
ated with high :nncen:muan and wet depp€ition values.v The mnntﬁly
contrasts ol N03 are similar to those of S0, with the exception
that the mean concentration for December is slightly higher due to,

the presence of snow in some of thie precimitation (see Raynor &

Hayes, 1982). "Monthly variations will not.be interpreted further
due to the small 4number of examples for each month a'nd the missing
-~ values which may significantly influenze the results,

frxhuce a’

(It s interesting to note that’ a fey eventa co

" large propon.lon of the acidn:y. For example, three’ ew:s (the >

" Tropical Storm ment 1) o in S¢ conaci— :

tite 1875 -of the Events sampled at st. John s but com:ain 492 of the

H \:ot&l depositim\. When combined with a Mal‘iti.me LOH event in

‘Ol:tohet (sa& Table 5. 9) the H deposltion x‘iaes to 691 froln Z;Z’ of

tile events at this lodation.  These events may be termed epis es!!
_slnce althoogh few in number thiey. contrihuts a large pnrt of the :
r.o:al et deposition, Some of these uul be discussed in ‘more.datail

in Chapter 7. . ° . - . LS

Diacussion 1s Iu\thgt li.mited with tespect to susanality

since only two seasons wet\e sampled ac-Seo John -

Apxu o June

*July to Séptember
October: to_ November
“Decéniber to March = winter
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- Al'though :these seasons are mot end:el] conventional 1¢ Vas K

- _gafdeta& that a 15? spriig, shprter autumn and; 1onger uinter”

(particularly since, snow frequenuy oceurs 1n Harch) was® more’ appra— : 8.

4 : priate for Newfoundland. Thepe reaults. (see !‘ig. 5-6) ‘show. ‘a general -
. -~ trend of highest concenzrauuns durtag spr!,ng, deulinmg during w0

summer and degreasing futthev 1n autum The high cnncen:ur.ians “in * « | S

spting may result ﬁzom the cmnbined effects Df the period of lowest

pre:ipitation (u:s Canadtan cu te Nohnals, 1981) and ‘thé Erequenc)’ P

O summer andorily 0:63 ng.1""; 1o autum; Tocal deposmm value& “of

504 dlso correspn!\d with 263.5.mg 1n suimer-

. Aniau mn. which st geuts that highex precipitacian amounhe during the By

1st(er mnnth dilute tha aci.dic compoum‘ls to the extent Df redur_i'ng the

overall wet n‘eposicmn. S gdd “ 5 0 B “a

* Frqn ‘this” die:usslm ars apputenc qha: a1l Jthe. varlablas 2

diséussed affect the chamistry of precipi:a:ion tn a greaf.u or lessex‘

-, haves emerged although not always stn:istically slgrd.flcan . Cenerally, * -

*. i vould appear fhat wéather'type (i,e. previbus histty of low track)
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. 1s one of the most influential variables, however this is-only the
. » - i
A * . casd because gach weather -type has certain specific characteristics

with respect to other meteorological and temporal variables. For

example, Labrador/Quebec:lows were fourd to produce the most acidic .- -

events (with T9spéct to pH and NO3) overall, probably because ‘the

associated lows (may) pass over highly polluted areas with compara- w o,z

. su‘bsequent advactio ncrr.heaa:. «Precipitltiﬂn total nnd intensity are




CHAPTER 6
-
AIR;_PAREE‘(;I‘RAJECTORIES AND SOURCE AREAS
6.1, Classification’ of‘traqectutz sectors
. : ""‘As explained in Chaptzt 4 ack-trajettories vere. con SR, 5

ﬁonevents “in order L relate precipltation chemistry to the (rack 8 § o

Unfdxtunabely, construcung tx'aj ec-

af the associated “aix parcei.

19815 p'eg,m’:ers‘

s
Broyle, (b).-Grand Lake and Norris: Point and” (c) Bishop s Falis
and Salson Dan'one trajectory was constructed starting at:

i ‘aquldi‘stxnt point’ 1ae:ween ths two sites, in -eadh’ case, e r B

/
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1982) enable delineste.are_as to follow & similar isobaric curvatuie--

" in'this case the 850 mbar. curvature. Since few trajectories follow

" a’straight line,. compass sectors would result in severdl trajectories

passing through more thafone sector, a probles¥which is not éntirely
overcope by curyed sectors (see Sectfon 6.3), In’addiunn, subjec-
eively chcsen sectors enable certlin Kaown igh and- Low emission areas

in both CAnadA and the Uni:ed States, to 'be dis:inguuhed.

Cnnsequem:ly, five se:turs were - chosen as Lllusl::a:ad in

Jof Mntheal Otzawa, i

entssions Froi some indust:inl areas jnsr: within :he United States

: hnrdar. Ssctot- 3 contatas all the rema:lning high emiss].un areas’ bouth

c[ the Great Lakes, including ChIcago, Batroil’. Cleveland (and nth‘er B

areas of onm) in addltlan o the h:ge mdns':ianzed conurbations

of the ‘eastern sesboard Se\:tm: 4, sl:haugh largely geeanic may,

incurpcrate emissions fron’ both

e United Stntes and Canadx rlue to

{ts. elose

ximity ‘to thé east coast, parti.culm:ly since the -cyclcnic‘

B dreind s Low! pressure ceitre off - the, dast coast. would" bring in

*‘air from the wést' and ndé:hueat.? Although Sector 5 is 1llpstrated in

Figure 6-1- it u largely to provide more distinct “boundaries for

Sectors’1 and 4y and since only two ‘tra; ectorids, occutred here 1t was

untenlistic to r_nlculate maen precipitntion chamiar.ry vnlues fnt the

sector. : .




Sectors' A, B, C' (850mbar) . Shaw (1980) -... -
Sectors for this study 1,2,3,4,5 ‘(850 mbar)
&-1. - Trajectory .sector delineation. .-
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The sectors chosen by Shaw (1980) are also {llustrated in
Figure 6-1 to enable comparison when results are discussed in
Section 6.3 The reasoning for this chofce of sectors s not H
entirely clear but is p;esumbly related ‘to the grouping of the
850 mpar. trajectories.

Before discussion of the precipitation chémistry associ-

ated with the trajectory sectors and corresponding soutcq areas

a brief description of the 850 mbar. trajectories for each weather

type will be given.

6.2, Trajectory gector accordirigtoweather t;

Fﬂ! this’ dlscu!sldn l 1 back—mjectnries were included
,regardless of whether they occur in a particilar sector or if a
-complete chemical asialysis were avauabla Statistical analysis

-showed a correlation of 0.445 ber.ween trsjectory sector and ;eathet

type, the significanca of which should become apparent.
1) Lah:ador/guehec Lows: - Over 50% of  Labrador/Quebec 'Laws
olloved a track throlgh Sector 2 (see Fs: 6-2) which nay be
expected due to the fact that the ‘general eastward track of the
aisagtated 1ows vas to the souél of Ungava Bay then east across
‘thanortherntlp of Jeyfoundland (see qu. 4-1). Variationu rom
this general path’depend on the isobaric curvature and wind specd,
" rélated to the intensity of the ‘assacm:'ed)(m pressuré system.
" Thé ‘two trajectories uhich do not 'con'fo'm to.the general trend

(BI0 and us) result frem a more nonherly pnsir.ion of the associ-

“ated low atthe onset ‘of precipitation. .

. ©(41) Gtear. MkeB/Esnt Coast Lows. There is a greater diversity

of :tajec:ery paths within this gnsup with several having a greater
S " A 3 =
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Polar Stersogiephic
Projection N 5
o 5007 1000
= ;
5 T Tive meo’ )
J\/“‘J\ '
k . ' )
. <
Figurs 6-2 850 mbar. Labrador/Quebec Lows,
. 5 |
‘ £
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i * “isobaric curvaturd and a more oceanic path.- The greater fsobaric

/77 curvature may Yesult from a combination of more intemse lows

"travelling. up the east coast and from. the asgociated low centres
>

_passing closer to t‘he island. The®trajectcries wuhm this. group *

follawlng a more northerly path, agatn Tegult From the northeasterly

pusicioslnf associated lows 2 :he onset of precivi(ation‘ As | B

Figure Q—3 1llustrates the majority of E/GL t:ajec:orles oceur in

. Sectors 2 ‘3 and, 4 acher .than theé thxee exceptions in Sector 1

‘roferred to-atoye . B3 andNe). 0 '_ E '

. snutherly patb ‘to, the mld-east caasc of the .U.§A. :hen mu:lung uea:

o Although ‘some of these terminated over: benaid anzin, they would g < e E et

probably track-well south of ‘the’ Grsu: Lakef area of! copdnued back-. Tl

in excess of 72 hours. The ugjority of ‘thags oceur in Sectors.3' and <

4 with the anumauea in'Sector 1 cemun!ung in Quebec. o

('iv) Maritime Lows. These u—ajucories “bear shulari:xes co both st

E/GL« and GL' Laus largely fouuuing a path.via. cha snbls Island area

F tesul:u in’ par[ial occurrence in Seetor 23
(v) Trogical S:n'ms As would be: gxpec:ed chese ave- goul ! ! P

i * L westerd, ocennic trajector s fullin i U % ey




ure 63+ ‘850 mbar. Great Lakes/East Coast Lowsw.: - '




B ah '
%0 A Figwe 6-4- 850 mbar. Great Lakes Lows.
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o de O 5T

"\ Figue 6-5 . 850 wbar. Mari¥ine Lows.



"\ Figue'6-6 850 mbar. Tropical Storm. . = : . B

/



(vi) Sul -trogies?‘x.ow . The two trajectm‘ies within this,

cstegory correspond to the. ocesfic and continental’ tracks of

thedr associated low pressurg centres (see’ Fig. 6-7), oeturring

/ in Sectors 4 and 2 respectively. - Generally them, there are certaln |

relationships between weather type and tr3jectory path although

3 ! ¢ @ .
anomalies may occur due to.the position/of zhe low centre at the

" i v 5
on chemistrv Wl e, Mag TR

b2 Ngure illusl:tsr.es the. 850 mbnr‘ :rajectories io_A

uhiqh :umple:e :hemlcal annlyiu ‘was availahle‘ and ln whi.ch ‘no

crmtmnination bl:cu:red. Since se

 more . than -one S asstel % cmjecmy ‘which oecurred - m orie ‘sector for

nl crajectories ocl:urzEd. 1n

approximately 75% of ‘its length vas design&tad‘ to that sector

Evert 'so, 13 trajectories could.not be tacluded in this analysie

f since ‘they appeared in tuo o more. sectors with no particular pre-

.. dominance in any one s_ectpt. .To-avoid exclusion. of ‘these trajec-
tories; additional or subsectofs could have been created ‘but this

\would have reduced the reliability . (by making one: sector. too

. specific) in any determination of soutce areds,

" For ach secto the mean and tota} values of pH,’ soA, No3,

Z depasition, Ky deposition and l-l deposition were calculaced

for each event associated with'the respec:ive Lra;ectories‘ In .

“cases ‘wherd. only one trajectnx‘y was :ons:ructed for. say an, event

rat both Nortiu, PoRE, yed Prand Lake, both' sets:of precipitation u

chemistry data'vere included. ‘Thee are {llustrated in Table 6-1.
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3 ) TABLE 6-1 !
. ~N s
. ) Concentrationand, Deposition Values by Trajectory Sector
B ow o * seem
B . . 1 2 3 4 :
J Mean pH .. . (71 C s 4.69 E . . ‘f
.t . mean 50, - mg.17h . ‘104 " 166 1.12 y
* Mean NO3 Cmgiatl o 0.68 0.69?/\)_ 0.44
Weait 503 Dep. mgn2 1.2 25.2 "23.6
 Mean NOj Dep. s 562 1126 18.46
LD Jean HY bep v Y 213,76 s70.9° 4717
; ; Ta:A; s0; nepf' g/ 56.0 1512 '256.9
- B Paug 507 Dep. “yox 19.0% 3251 .22 ) )
I S g N0j Dep.. mg.n*? 28,1 -56.2 147.5 ° 158.8
. _Total H' pep. wea.w1068.8 3425.3 s188.8 6881.0
’ 25 Dep. ’ 6.5% 20.7% 31.3% 41.6%
T No. .of Cases v 7 10 12 23
B aettg At ’ "z . g "

" for deposition f




Although total values have been included in this table,’ they may be
nisleading due to the inconsistency in samling periods and numbers
at different sites. In addition; trajectory path varies according to

the ‘location on the island, which is related to the frequem:y and

. sessonali[y of particular weather types (discussed m Ch. 5), so-that Q
. these results are biased since they only include samples collected

from the end of July (mainly August) to 'mid-December.

. Althoigh squxred mul:iple corre. ar_lon (see Appendix vB) " @

indicated that trajectory sectot wa€ only weakly related to precipita

tion chemis:zy, with a p—value “of 0 09 ar. t]\a <0. 1 1eve1 some inter~

. ‘esting telatimlships are apparent x: is péthaps surp!‘lsing chit’ £y

Sector 2 produced- the' nost actdic precipitaliun events (oce Table 61y

3 vreflecr_ed in mean concen:raucq and deposi[‘.ion valués, with those for ) ®
Sector 3 being.somewhat Lower,: gince Sector 3 contains -the majority of &

- 7 TThdgh so emission aréss (see Fig: 1-1,50, en. p. 3).. This would

suggesr_ that ;:'mjecr.ory path aloné {s'not’ responsible for the resultant

- “precipitation chemistty. _In.addition, over 50%-of trajeitory weather
types within Sector.2 vere 'L/PQ Lows with a relatively short trafectory’

par.h .with relatively less time £3r pollutant reméval, so'that this ' §

could be a major contributing factor, Thi, Eit-usuon may also zgnecii
the sampung pertod (stnce L/Q Lows. vere mst prevalent duzmg the

. =
and because these Hera mainly lssoninted with’ west coast sir.es

", whére 'pollutint’ removal tine would be shorter. Howevex\, :his is not

to imply that pollutant coacent‘n:ms should not generally be higher

" from Sector" 2 since Sudbuty ax\d Noratds axs maj or Iloin: soirces of

' b ; SO within this area:
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!1t 1s interesting to note that in fact NO3 deposition values
are highest in Sector 3, which may result from the more even distribu-
tion of N, emissions (see Pig. 1-2, NO, em. p. 4) AT S¥as
south and east of the Great Lakes. In'contrast S0, emissions result

fron'more specific point sources, some of which occuf in the imediate
vicinity of the Great Lakes and were likely to affect trajectories in
Sector 2. The tu:‘al. de;;osltiun values-for this are biased due éa the

greater numhez cf missing® plecipi.taticn data vsllles for Secccr 2.

Neverr.heless, the total K" depau:znn valye of 5188 8 pg.m for

Secto 3¢indicates that zhis area i3 ‘alsd .a majot céntributor tc

precipitaticn acidity, patticulatly with respe © to NOy L

Sector 4 trajectories\produced the lowest conl:entratinns of
'suz and NO3, the third hlshes\mean deposition values and the highest ®
total deposition values. This may result from tl{z'predcmina‘ntly.
oceanic path ‘of these trajectories résulting in moderate’ to\high ¥
precipitation aounts in cumbiz\‘xtiun with relatively low cancentra[:{ans,
e e ety gmfssion aréas would be air along’ the eastern seaboard

1ncutpotsted “into a system trnvalling northeast. Although the mean

: vaxues from this sec\‘.‘or are relatively low, 'the oumbet‘of “tiajectories

aseociated with the ‘ategory results iin the n

ghesr. i depasitinn over-
all (6881.0 mgiu2).. Hovever, these values\\nmy e. cnnsidexahly dif- -
Careat il dn, aGRiAL Basls aid Eo0s Teseutitete Wiy cnnsider that the

impnct of episodes rather than total. ‘acid luading\ 1is more detlimenta]. CO

the nt s‘ that "from ec(t 2 may be more hnrmf\ll.

\_/
Trajecznrles frmn Secr.or l Have the Iwes: mean ahd tnr_a].
depaaumn values which may result from it being the Lovesg: enfséion”

sector with few 1||Htances.
~

‘The uughtly highar concen:racion values
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may be due to lower precipitation totals than, for example, trajectories
from Sector 4 with a largely oceanic path.
.
When comparing these results with those of Shaw (1980) it is
apparent that the WZ concentratipn values in Newfoundland are con—

siderably lover than Phose measured in Nova Scotla, where mean‘s0j
values of 5%mg.1™% were obtainedl for Sector A, 4 mg.1 L for :ector B and
°8 mg. 1”1 for Sector ¢, comared uith a paximin of 1.66 ng.1"}
Ser‘:tu&% in this study. However, since emissions from Halifax were
caleulated to,contribute 507 of this deposition it is yeikn e

realistic to halve these figures when long-rang: .

The ‘overall pattern for source ateas is sisilar in that the sector _
incorporating largely Carwn:liin. emissions north of the Great Lakes (i.e.
Siidbucy and Notanda) e fomd € produce the highest mean concenua&gn
of 50 in both studies! (Sector ¢ fof Shaw, Sector 2 1n this study®) .
However, -dug to the greater frequency. of events from Sectors 3 and 4
total B deposition (as a percentags of the total H' gleposi;:ion for all
Sectors) percentages are highest for these areas, 31.31 and 4L.6%,

. respectively, with a combined cotal of 7297 (73.7% for 50, deposition).
This s comparéble vith the some érea as Shaw's Sectors A and B uhich

" rogether concributel 967 (65% for A fod 2 £or B) of the total
deposition. The fact that Sectorsl and 2 were found to'contribute '
¥27.2% of 1" deposition (26.2% for éo'; deposition) compared to only 4%

. at St..Margaret's Bay in Nova Seotis would be indicative of the in-
frequency of aventetion, _this direction in Nova Scn:ia,h\‘is

H iy . . ’,

. 2Shaw's  Sector 'C would also incorporate Sector 1 but it is un-
likely that trajectories from this sector would significancly influence

}E@%?g- Scotda.. - . i N



1 : -
él;puent from both the paths of the tiajectories (see Fig. 68) and
the track of L/PY Lows which are most prevalent within ¢hese»sectors< .

Before sumarizing these findings Lt should benotgd that
due to the inconsistency in sampling periods at all sites, because
viling EoE s ARENESE albes Were LoEluli Tand 098 T s;m'ne mi“ssing
depositioh values, these muic's are tentative, particularly yhen com-
paring them vith a singlesite in Nova Scotia. Ngvenh}_;gs.;,“m

Amportant assertions -can be made: . \

(1), The sector p:admng the highest mean concentidtLon and et )
depuui:inn (t.e. Sector 7_> of. SoA. N(J3 and HY does “not’ cgsnari;y
cotneide with the sea of greatest SO, and NO_ ‘enissionsl This is
probably due to the intervening influence of a mmber of meteorological

variables, particularly the amount of pollutant removal before reaching’

the sampling site--dependeit upon the duration of precipitation priocr
to the event and the presence of catalysts aiding the trauAﬁomcinn
to secondary pollutants. In additign, since trajectory patls are

related to the synoptic flow (and veather types) which varies
‘Seasonally, this too would influéence the results. |
. (2)  Sectors producing the highest deposition values are ‘{nntv

necessarily synamomous with those prclilbe e highest totall concen- -

tration values, but a:é mre a fuiction of the frequeicy of :rsjeccnries‘

frmn that sector (and consequenbly the amount of precivi\:atier) as was
‘e
the case with Shau's study. -

This emphlsizea the factthat s.lthough emissions inJluence

the Amunt of available pollutants in the atmosphere, " the reTultant

chem.ls\:x:y of precxmahcn m:cuzf(ng at a point, say 1800 km|downwind
ot more dependenc op certain meteorological

of this 1s =qunllyE . )

% g "




[ varisbles. These include: / ¥
U (a) the anount of diffusion and consequshit dilution (by vertical *

i

and horizontal mixing) occurring at and )nﬁowing the time of pol-4
: . o5

lutant injecsipn into the atnosphere; -

() the amount of dry deposition prior to' and follouing trans—
formation to secondary pollutants; - . g !

. -
(c) the mmber of availsble cmlysu for “this convezsiom and .,
() the dnount and type of ptscipitatiﬂn, umch affects ‘remval

efficlercy, Tlling priur to.and én reaching.the sampling sin S

discussed in Chnpter 5 some of these varishlzs  ATE relﬂr.ed to seather

. nnto the base maps was. determtned by a c.xﬂu on the.,

_major disctepnncles hetween the. trnjec:orlu ~Heveves

‘type wsch régpect to the aréa sver uueh cyclogenesis ucmlrred and A

the track (of the rgsultant low (with respec: to: direc:ion and mjgctm;y

duration) .

g i ; '\\ ‘ )

| of computer_and manual trajectori

Figures 6-9 to 6-14 illustrate the paths’of bath coniputer ad

nanual :m‘gecmies for aix selectsd events referred £o {n Ch. 4. 2 2

The cumputer paths were plotteﬂ from six-t hourly ln:i:ude, langimde 4
and hetght pasl(ions £br each r—— calculntea by the AES deeL This 5
informtion vis 1ncnrpurated into's compum mapplng pmgmm\:\né set u .
the s Scale'and sceregguphic prajaction as’ those shom herei 'This

prodmd six haurly points along ::}jecr_ozies at each 'pressure 1=ve1

nsmely 1000, 925 and 850 mbar.. The exact Dnientnl:i of tl\asc plots .

omputer_ miaps at

the 1ntzrsectiuns ea N 65 W.and 30% §5%W.. It 15 faizly apparen fxs;m'

the .1 ulcap( computer and mnusl paths that in- cer:ain tnses :here are

bufnre

SR e

b
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S . Figire 6-10 Cempncer and mandal trajectory paths_for Grand Lake event
P 35 atarting 002 04 August,
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Figure s-n Computer and manual trajectory paﬂm for Grand Lake event . |
o 42 gtarting 00Z 18 August. L I
¥ .| . i
J i
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Figure 6-12 * . Computer “and msqual trajectory patha £ur st Jol
- event 21 starting 122 03 October. 3
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~|=|g§'8-s-13 _Computér -and manual tujeccory ‘paths’ for s:. John s :
. -+ Uevent 22° starting 122 03 October. N
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; ' ’ . Ao
considering possible causes for this cena_m_-uffezéncés of the AES
; conputer. sodel and the nanyal methods should be noted:
(1) “The pressure 1évels for vhich' caledlations vere mide do Y

", entirely correspond, with the AES modél levels at'1000, 925 and 850 :

* mbat., and manual levels at surface, 850 ‘and 700 mbat. For this

réason it may be more realistic to ignore the:700 mbar: tracks indi-

cated on the figures. i : .

5, (2) "The'AES model computed trajectories at six-hourly 1ntervals from .,

fur su\xface :njec:ories, with upper air :rajed}:ary sr.m:ting timea X

g 7 basedvon 12 hourly charts. b Lo

wie (3) As a result of this the AES mathnd often el’wblad t!ajectories to

10, E ¥ S ,

(i) The AES model constructed trajectories back for five days as
& )

. opposed-to thrée; so that for better comparison 72 hours duration is

* marked on each computer trajectory.
T (5) The AES model also sorites a vertical which may,

in some synoptic situations, greatly affect the direction and speed of
a trajeetnty.

- ijectory tracks 1llustrated in Figures 6- 9 and 6-10 shw

llrly those at the-850 mbar. level. It dis 1ntetest1ng to note ‘that for

ch!se and in fact All the conxpu:er plota, tracks at; dlfferent presaure

1evels often exhibit greater variance than that :e.nmng solely fron *
duferences in gobaric curvature. “Erom this 1t would appear that

o muter trnie:cades nay hot: overcotie the difficulties this preaen:n

start .néarer to the time of an evem:, 4s indicated on Figutes 6-9 and

strong, stnilatitics of computer and manual tujectnry paths, particu- .

start to finish at all levels, Hhe‘l‘eu .thé mamml m[hod only did :his g’




when trying to locate source areas, other than choosing the most

(' “\..repre e layer - for the tr: and removal of air pollutants.
Trajectory paths im Figures 6-Il to s-u not ofly éxemplify
the duﬁnnt ‘tracks thlt uay ‘be ohumd fron computer und nmual

mﬂwd.n hllr. also two. other notable d'lffel‘encu. Theae are the dlstlnce

eravelled over three-day periods for both tnjectoriu and the apparent,

wersimpliflc-uon of thg pntha port; yed by the: m.nuu. technique. At

N
# leust Ln p'ar.n thase mconnistsmzies prohnbly resuu tr,am r.he ahsence




CHAPTER 7 °

CASE STUDIES

A .
‘
Cha?.ﬁ—.an 6 yresented results and dlsbussions for

meteorologi®al and trajectoryngeckor. variables for the data set as_
a whole. Although this is useiul for mking generalized statements

as to the reldtive fmportancd of certatn variables in this stndy,

: !eference to specmc examples relating the most pmfnen: vauaues' X

3 should enable a bettet Imders!nnding £ the resu. tam: preclplbeti

chemisr.!y m each case. ’

.the relaticnship is mot clear passibly due to complex anmspheuc

'processes wh1ch nte “not ya: funy undarszond (Rsynar & Hayes, 1982)

. The: cl\oice of. exam}lles was limi.ted l'.n those for which a‘f‘ull
chemical anslysis was tﬂmpleted Bnd all meteuznlnglcal v\u‘iable! were'

Kaova as fax as pussiblE. In.addition, ¢ases veré chosen’ to, exeuplify
A

‘all weathier types and trajectoty gedtors, excluding ‘Sector'S, and co-

Ancident events at St. John's and Cape Broyle to deternine the os-

* ‘sible.effécts of mc;l. polliition. Similarly, camparison of events .

(anmpled at variou? Ei:es) asncclutad with the same 1w pressure 8ys-

‘_ tem will be made, to deternine ‘any signiéxcant difiezam:es in
precipitation chaniatry and offer posslble explanigions., Soine of
Lhese are the samé events fot which computex txajectories were calcu-
1ated, s0 :hac refprance in these instances iy be.made to both

trajectory paths.
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7.1, (a) Events GL 33%and NP 48; GLO4; and GL gt /

] The chemical and meteorological variables assuclas%d with
these events are given in sz].e 7-1. Although there are missing
Rrecipitation data (and subsequen:ly missing deposition data) for
GL 33-it was still incluvl:led since it was coincident with NP 48 where
all values were ava!l;hle. These four "events Hill bé nonsidered
R tagethet since on & r.empo:al bas:\s Lhey nctur\ccnsacutively _and from . .

wiietace syaspete nnnlysis abser@cmn they s_ppesr, to resilt from_the g n i “

. . -same LIPQ Lw ‘mking across the north of

ngava Bay and across . ° g

“northern Qusbec (see " 741, 72 ;pd' ‘Events NP 48 ‘and

precipici;ion 1ncam{ng ftom tha west Ammugh this mgpo:al dif=

fe{ence ‘is "nok, sh wh m :he houts nf pte:iyitstinn pnn: to, tha event

(due to Bppmximﬂtians fron surface ‘analysis charts) 1€ s feflected .

in the precipitation :hmistw values with snghuy mgher acidity’

levels‘at Norx‘iﬂ Pnil\t. *Fuxthar exum'ples Lu subs:untiata bhis are

facking due to'a m\mbsr 6f Gontaitnated. sm'les)fram orris Pcint,

and’ due 'to the’ more. £t quent collecticn of asmpl:s at Grand Lake

X which prevents valid comparlsqn wi uccumulate g les at the.

forners However, ‘the énly other. 8 &lyvf\nuincfdent events

issetArad. with the, same- (L/PQ), buu, for events uy 52 dnd GL 44 (see, eht 3

Table 7-1) show sigaficantly higher _aqncencrqdnns aiiddepogition

v ? 3 1
g« “Labbeviated terns for sites are as follows: CB = Cape

Broyle; St.J. = St..John's; GL = Grand Lake; NP = Norris Point;
BF ='Bishop's'Falls;. and SD =" Salmon Dam.
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Figure 7-1  Trajectories at 3 levels ‘for Grand Lake event 33

and Norris Point event
i Key for_Figures 7-1 to 7-14 Case Studies
~.  Position of associated low © 6-hourly position i surface * Position of fromt at
B " centra at and prior to onset of avent
of event B © . 85Ombar .
’ A <+ 00mbar

=




R
. Figire 72 Traj@tories at’3.levels .for Grand Lake event:34, =
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yoi.nt n&cea 1nc1uding Sudhury und Nott-m.

< yznducin xehti ely- Mgh a:idit)rev This may have heen i Vthet.

uuq fur;her cunfusio ds:

he‘&}and at: this time Smce




e

< preclpiution, which may also cuntribul:e to the lod actd

. P
" | *These évents.were associated with Tropical Storm Cindy which

% po:it(aned south of the Avalon ymmnuh at the onset of precipita-

tion (see Fig.‘ 7—6) The 850 and 700 mbar. trajectordies indicate that

wllut!d air may have been &ncorpv:l:ed fxﬂ the east coast as the

storm tracked gortheast, but the 56 ho:;a of prior précipitation wuld

probably have led to & lignlficant amognt_of removal of 5"4 and NOj.

The su:tace trajectory mxucu onnho}e «easterTy.uf)

at the time of . 2

Tevels.

4 '; Comparigori of pr.cxpunuh chemistry data, for .the, tvo mites

shows slightly highg: 504 ql\d. -m)_.‘ uoncer_‘_:nglom ﬁ,g +John's which »

iu'y"be attributed-to local pollution.

ever ;' Lc. nay algo have 3
xenuned fron lower- pxaca.punian 1wa1n at sr.. John's (nlthnugh the-

.St. John's nutogtlpld.c “ratigauge readings were used for, both sites)

since Cape Bfoyle generally réceives greater precipitation ‘amounts

(see Fig. 5—-5, p.q)—b), vhlch would lxn lcmmnt or

B depostelon at_Cape Broyle in this emph. :

(c) CB 03, St.J. 10 and ({;s

:hu valnn ﬂ.rat Pre:lpitltim c)\eminﬁxy vnlunl at all Ii:s n:e




! Trajectories at 3 leVels for St: John's|event 9 @nd
" cépe Broyle 2. - i




)

is4

" Figure.7-5 Trajectories at 3 levels for Cape !royls event 3 and

Sr.. John s event-10.




B R
S rse

) £ g ! 2 { pit
ﬁ{..‘. 76 - Trajectbries at 3 levels for Grand ‘lu{ke eVentw36.

L ol X - U




isa

associated low passing from the Great Lakes across Nova Scocia ncldlty

" levels might have been higher. Hovever, thé prolonged pollutant v

. ) 4 LR
rémoval 'pti.u, to the event or the incorporation of relatively unpolluted ' .
air from the northwest as indicated by the surface m{d 850 mbar.. . F

:xajec:nués, probably reduced the acidity. Although the ‘evant at

- B
Gx‘and Lake occurred nfter those om the ‘east coast the ‘hlgher SO4 'snd < .

; concentrations at the fafr may result purely from” the low pre-. S =

‘cipitltion total of 0.8 mn, 'Trajectories for east noast |nd wedt. coast -

sites are smtlar ke the 700 mbary p!:h uangoxmng most to’ th lou

. e . )
= d) CB 04 RS s )
T e ()_:—_ ;

which or!ginated in the Great lees qreu thar\ s:agnat:e " ovet l:'ne

"Ma¥itimes” fo!'eppruximltely v36 hours bef?l‘e prug{essing iurth’ north- ' &

T eas:‘acrbs}z néufuu'ndmné. iAcidity levels.at St. .vnlm's'm;d Cape Bn}yle 2

v are high, psn‘.iculatly thé fbrase suggesting again’ :rm local pouu:m

may 1ncrease acidfr.y lbvels.. Trujencn:y pazhs indinate :Im: emission

* areas along :he aast oast /and, gt Law!ence (see Plgs. 7-7 and.7-8) were

“encountered, which in:conjunction with only 24 hours ‘of pridr precipita- . -
», ' t1on would enhance precipi!:ar_ion Acldlty. T . 3 :
It de perhm surpzising that anidi:y Tevels at"czand Lake ‘ate

lower, pam:iculnrly since precipitation occurred here 12 hours earlter. U

Grea:en d.uu:xnn and the anerporuion af air frnm the' no_':hwea: (see &

i

“ SR TR ’-n) may pu::uny explainathis. In Addition, further 1ncorpora-, i

¢ tion .of pollutantu 1ntu “the low uhils stagmn: over t:he Hari:imes may . o I
’ have occurred Just ptlot to the events on :h'e east r.olac. ol {
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"/ Figue 7-7 Trajectarleu at.3 levelu £or Cape ‘Broyle’ dvent 4 and
. dt..doin's event 11. )

a
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7(e) St.J. 13 and GL 41; St.J: 14 and GL 42
ALL"0f the abéve results were associated yith a low pressure

" system from the morthern Gredt' Lakes area. St.J. 13 corresponds with

41, although precipitation occurs first at the latter which may

o partly.explain the slightly Higher acidity levels at Grand Lake. -In
addition, the trajectory path for GL 41 passes south of the Great Lakés

e Fig. 7-10) whe'rens the St.J, 13 and GL 42 computer trajectorieés are

' . totally oceunic (see _Fig, 7—9 and. Fig. 6-11). The St J. 14 and GL 62

acidity levels (pﬂ) are much the Bame as the earlier events. (see’ Figi. & *

(f) $e.3. 23 and BE 550 g a"

. The 1o pressure uystem as ﬁ ed with these events originqed
B Y 2
ST just nort ‘ of the Great lees and rema! fed over the Hurll:imzs fo:

nppruximtgly 36

rs._ The Sl)4 nnd N03 c’lcentrAtions at both sites .

SR were: poderately: low vhich may partly result from the 850 mbar. and

urfuce tr!jectories (06 Fige. 7513 and* 7-14) pnsuil\g over southerh,

e Quebzc snd the ‘northern’ sc, Lawrem:a Tow emisslon areas, Huwevsr, u*-

°

(classifying it as an =p1sod=), proﬂ-bly dde’ :n the prebipi;n:iun r.atal

i N of 170, z m over ShB hcnrs. “This my mwe relulted fron the passage:of

. the low'centre diractly over: the Avaion,  The sl1ghtly higher 50, and

; 3
. SUone s deposition Bt St.. Jol'm l was- exf.remﬂy hig (2031 5 uuq. "2) for. ‘this event




. N Figwe7-9 “Trpjectoried at 3:levels for St Iohn's‘event 13.,
L BN
3 N
N .‘ 5 A
bl
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NOé-conéent:atioﬂ valugs at St. John'gmy once-.again -be dile"to the
" influénce "ofr-locarl pollution since Bishop's Falls is not close’to*

4
alyst of :hese casg studie e eAls rhat i

(ii) soA snd No3 cum:entra:{nns a(cf H depositiun at Notrie Poinc

ppeau tosbe Mgher than at Gtand Lnke. Thls could be iy_ 5

may et

' precipi




1: has been extremely difficult to identify Bpltiﬁl vatiatione 1n che
acidity uf preclpicmﬂon on "the Aisland of Neufoundlaﬁd Gomparisans

“of precip’i-:atinn chemfstry fron the ‘events. assbciated uith the. same 30w

; ]

Y ¥ - Grand Lake indicate that the farther of the east Snd west coast sices
received precipitatiion of slightly higher. ;midi:y. e gese “of thew
\A'va].nn si’ces‘ this may Tesult from local pollution at St. John's and/or

. gres:er duution at Gape Broyle due to higher precipication"levels‘ (aé

., Whereas

indicated by, mn:my stthate: sumtie (Env 1 AES, 1981).

on the west coast' earlier remnval of pallur.m
rainfall, may account for higher acidi:y legells at Norris Point than

t these observations

qud La 7 Hwevet, u is 1mportant to n

i ' arébased-ona omall numbet of, gamples_and as such are inconclusive.
| The temi.ning aims of ‘this atudy yielded some m&‘eres:{ng»ée;um which

will be mnhauzed beluw- RN P I RO 2

i . L s
! All the ; have to a g’ieater

1 vuiaqleu

“or 1esser exteht Lnﬂuenced the teiultant precipi:ntion chemiatty L]

sam'pled on the*lsland.. Due to the intetdapsnder‘y of these variables *.

LAt may not be. puctiul to single out any onn vatinhle nu being ths

~
mnnt inflnantul. or em‘ple, llthough thrndor/Quhec Lows were ‘ %

iy fmmd to -produca the\mnt ﬂcidiz cv-ntg, this may hnve resulted txum R

L

PR pxessure sygtem at St John's and Cape Bmyle, aLd Nnrria Point’ and

s induced by Srographic A
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the characteristic short period of, antecedest rainfall and the

) trajectory pgch’associue’d wlth-those ‘Lo, Héuever'; the in mmc'e “

T of ttajectf sectér, i.e. the source -area of an evenr., should nat be .

e g mine the degi’ee cf acidity uf the resultlnt preci tatiun evént:

s:
: foee
* ¢ f 1) The amoimt’ E dase dtlution Sy
. at and. iououinE the time nf pollutant Lnjectiul\ 1nts the
atmosphere,

@ the amount of d depositiun ptior to md following transforma- g
“tion 'to.second pnuu:ants, E ne .

(3) the number of avatlable’ catalysts for this conversion g, v T Ty
-secondn:y pbuucants, Y A3 1
() the aount and type “(HER wapect. to ntenaity) of precipmcioS :

. - falting prior to and on reaching the sampling site; ) e

*(5) the association oLsulphnte afd nitrate—to what extent they % o i
are:in the less acidic form of ammoniun sulphate and ammoniwm ' e

: ‘nitrate than ix the strongly mcuc fom of sulphutic and i
5 5 nitric acid; Pags L Vg § I

(6) the* 1rfluence: of the sun’oun'ding relief, uhe:hér‘:a imluce
£k ® ptecipitatim orogtaphtcally‘ or create'a rainshadou area;

\ : i & (7 tncreased acidity £rom dry full—out of ‘bollutants, fron focal . .
1 . ¥ emisqinns' and 0 “ "

) (8) the time, 3 the year, for emp1e, during-«:he Summér: whe
Pl . nccumulntion of pollutants under an:icyclunic conditiun 3
o P most conduciva,,

i

LA £ Results fron this st\{dy proved réasonnhly compauble with thoie S

from CANSAP dam fbr 1981' some difi C would ﬁe 2d-due: to e w "

11rv nf ling hodologies: Dua to the. lnck nf any vy d

y{u’ng—term precipitation chemistry dutu.for tha 1aland it was-not, N o

¢ posnible o de:emma if prec pitntion acidity huv’tncrsued over .o \

ncene years, Comparison lnd lnnlysis ef SAP data ﬁwm 11977 1ndi~
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four .yesrs, pussi.bly due to. higher precipitatiun toca!.s. _This lmdex- F

1ines ‘the fact that shu‘rt—l:em pteci tation sampl.j,ng studies do mot .

prov!de conclusivg results due to the” Yhlerent variability 1n prg-.'

cipitaticn chemietry from year to year.

In conclusion, 1.1! appaars from thts and sxmuar scudies that

4 the 'in eric chemist gre extremely cu\nplﬂ ; .

ing such events. ijscts of this” nacu:e have been est-alzlished 1n 3 ’/

v by
- om;ario and Nova Scotia, and it is hoped thar. the, daily precipitation o o srdf
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APPENDIX T

Chemical Analysis Procedures Conducted on % el &
i Precipitation;Sample SR 2

G- 5 W §
) 1 B (Potentiometric mma)A\ ; by % 2

* Thy gl.;' de tn on with.a fast-Flow calomel’

i

‘u(uence is uled. Tha glass mnbrlne of the pH elect e forms

pmmon bétveen-tvo-liqutds of differing. hydrogen ion concentration

and a potenkial is pmduced between the tun sides of the mubnne

thuc is pmpornpnu to the difference in pH betvenn the liquids,

!deslly, a ‘change of 1 pll unit produces an !Iectrlcal chungc/of

59 1wV at 25° C.
Specific Conductance -

The conductance of an aqueous 'olutiongis the recipricol N

B

S

3 L 4~ % K= conductance
of its elecn-lc-l resistance: K = x ) 2. u““.n“

_Since eleetrlcl(y 1s carried in gje solution by ugnmm of

§ . the aol-{te ions, the conduc‘uy 18 relabed to the total ionic con-’

centration of the 'nl\lum The punuple of thie ennductlvﬂ:y uter

'x »inilar to that of an ohmeter in which reatstance i massrad tn

ohms . Canducnnu is lxprelud i.n whos. *

@ .ma.;.{c Absorptd

. . . kY .
s \ b o
b Tpgekaedatail of ot adiniie Tobio mey B sbealaad ft. i
.7 the Chemical and Physical Anaiysl¥igboratory, NEld. Forest Research
“Centre, Canadian Forestry Service, P. 602 ntvllh,




a hollow-cathode lamp is passed through the atomized sample and the

d _am‘mn:"af Tight absorbed at a pre-selgcted wavelength is. determined

by & spectrophotoretric detection syscem Hnder npnmum opencing »

conditlons the nmount of ughc ahnorbed is directly preportlnnal to
" E

the concentration: of pctassium in so'lution‘ w

(4) sodium (Ar_mnic Absorption Spectrnphotdmetry)v 50 »

B A H
e .77 Sodium.(in solution) 18 anpirated into an air- acetylene £lame

N
where it 1a convertede into 1ts: atumic itute. Yrocednxe then continnex

as (3). ¥ - o Beseug " ognn e gn e
(5) galeium. (Amm Ahsorpaon Spe:crophotomgtry) S ’

Calcium (in aolntian) is aspirated 1nto “an alr-acezylene b

+ /" flame where it is converted fato its at8uic state!, Procedure then

.~
4" leontimues as (37,
. ) 'nagnesiun; (acomte Abaorpeion Spectrophotonetryly
Hugnesium (in solutdon) is ted \ntoean ai y

atomic state. Procedure 'then -

:‘flame where 1t is conv!rted lnto 1

conttnues s (3) SN T s
7 . s = ¥ N w
(1) Ammonta (Automuzed Colnurimetric) \ ¢ : :

Fcllouinx réaction of ammonia. wi:h aodium salicyla:e

aadium

nittup!uautde and ﬂodium hypoehlorlte 1\1 a, buffered Lﬂkllhm m:dium

" (pH of 12.8:13. o) al’ emeum-g!uen colcured lmontl-ul

L\‘yme i i
camplax 18 Eomed.. rhu complax s zauured colquriuecr cally at % e
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APPENDIX T4

© . - Correction for Sea-Salt .

-CLo/Na" 1h eavater = 41.166"(&1)\11) aotiversion fron ppm to’ epih on.
3 ] follow} g page: . /\

To:al epm u Hrn: calculated for lnch lnion and rl:l[’.Dn from

lnnlytlcul result put in computer 4
PR unlvulen: amounts of. Nn}, By , ){g A ci (*«o varies) are, -
g 2 K ST

=




W |0 0.99200 - -
K" |- 0.02558
Cwat | 0.04348 .
Yea | .T0.04999 "
Mg . 0.08224
m-xg\ .0 0.05544
[ VRN o.ozs_zi
»‘FL -, 0.05266
N0 0.01613
No, Co.02174
0.02082 | 2
ey ‘-0103533,"' /
| Hoo3 - 0.01639 - )
N ) . o xs)«;}uqén:s Prosent o Sea'Water
: : | -Unsolution)’

Iohs / - ppm_to epm
—_— s

A/IZPENDIX I (cont'd,)

Seawater Chemistry and LRTAP * ~

_ Ions

o

- N T
-

Mg

b s =

Sas S0,
82 504
Ca
K




i
f-
i

| APPENDIX IIT |

ﬁe:aminu:mn 5f Possible Confamination from Polyethelene
Bags Uséd in Ptecipitatinn Collectors

. -
(8 Chenical anulys;ts of tuo bags of dtontsed Water (irum MUN '

chemis:ry-nepc ) kept at—c. 4% f_or_app;;mgim:g]_y sirweeks.,

Pach sample was transférred into twp olean vials so that analysis on”

ach polyéthelene bag sample
s i Toonganmp e

.4 .
Sample’ ! . Cond. °
No. “pH 7 (4 whos. - K'
1A .6.18 . 2.6° <017
1B 0508l 3.3 0 <.01
24 | oNSM - NSM €.0L

255\ . 5.2 1.8,

Alghough the levéls-of €17 a

‘was_repeated..  The results were as.follows:

ATy
Y11 -
.32

RGht

? -

.10 %

086 <. 005 < oz
'..044. .006_ <101_

05 . <102
J044 <,008" <.02 |




APPENDIX IVs . - | ) 1 et o 0 &
N . 5 . ¢ ". " ‘Chemical Concentritions’(mg. 5 . L4
2 Event H & T Cond: « TR AT T A ST T S
Date - ' -Number: Site pH _ (mhos) - Na' K" ok " ) e, sop o]
. 28 July . ‘12.8 , _o’.é_ 0.11 01, 0.00, 0.90 a{u
04 & 05 Aug. < 4.5" 0.o 0.01 01 0.03 0.22.°0/24
06 ‘& 07 Aug. 19.0 0.12% 0.01 02 '0.00 0.83- 0.28
08 & 09 Aug. 19.0 +°:0.05 0.03- 05 0.00
13 Aug. ©18.0  0.06- 0.53 03 -
H.R. Aug. 5.2 0.00 0.01 01
18 Aug! 4.0 ©.0.00 :0.01 01
IS N.R. Aug. 16.8,  0.05 u.!r 04
04 & 05 Aug. i 4.8", 0.027 0.01 o1’
1066 07 Aug. * 20,5 .‘n.mog 0.02 ° 02
09 Augs ¢ 35,4 0.00" 0.03 09 .
N.R. Aug. - 4.8'  0.00 0.01 o1 [0.05
18 Aug (am)” . 3i3.0 0.00 0.01 01°/.0.05
- 18 Aug (pm 2.6 0.00 (0.047 or {0.11
& i :22.9 0 0.04°0.01.° 030,00
1.43.0. [0:48 0.15 08 | 0.00
6.3 0.12 40,12 02°/70.00
17.0 © 0.04 05 .0.00
©.25.0 . 0.00- 03, 0.11-
17,0 7 0.11 - 03/ .0.00
0.20 02/ 0.00
0.00 03/ 0.63
X .02
22}
: 18’




. ROLOGICAL ‘VARIABLES
" Precipitation . rAntecedent
Intensity Precip.
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