
1 

'1'*fZ!CI;‘.\,‘-.1152‘?5‘153.1‘Ki-"I:I.r2z;$EI.v3§TI;ji1':~;k..='~|::'1¢:~-.~'-1-,>~:',.'-gm-’-w..;;»w_.,;:;~_»- » ..,‘..~..r‘_....._,.v..__._..,._..__,‘ W F 
_ _ _ __)_ N - - 

I » 
_ _ 

.'|'.-‘-';.1"‘jL'f'..;.;_1éz':;-~_":,-,-.‘;‘{;'if-jg;;;,1,‘_r>31;1;j{:._>:»~.v<,.::.:1"F§’j;’_T';._f,_v.1TL'_1',1;;§|.}2_@-,-=\-fl,'.'.;f‘t:.=_,'\f,-»Ir.;.f:1‘.-\L\2‘.'."‘G-?.$‘;.'1".1'§.7$1:"¢3'-§'.f\13J"1"?I't""~;r: :»z‘=.»‘.¢~>~v. -'_1<.::'.r.-“-'»'r. ,JI'.-,.';':~1<::.~_/»"¢'-~ "="-"5--'>'~x‘;=».‘-*=--. - ?>"'IT~‘,'~TI‘_‘TTTT,'T".\".'T';.. -- 
. 

V -. . » 

~,'.-'1-"1-.'-u.‘=C~'-1“ '-.,r ;.'-..-.=?~~1,=' \:1:~--’»:»,»~-=r_\-‘-:.e. _=-.».;\¢:v~'-"'<@";:- -4 .,=.5.-‘-,-‘r.':-,7.h; -'4-;..._-:1 ,-§::::q'-;~.v_r:',..‘:.:>¢'.';:':.c=\P-q..,~ \‘:;;z»~;¢:--~_~.=.;;;=.~ _~j.y.; :,;~_1-2» E}-1:,‘:|‘-'fl\-I-,@'3;E<';::::_'gf~C‘51‘-L1-11: 15- -' -- .-j--~l'_'.;;,; ~:'!-,,_:§,"r'-;‘<'. -33';-J:y'-' t;~_3§='?‘~~;~ 1 ' " - 

, 
'1." 'l;'7.3_:' \"‘-,'-l"-.1?-,:l~,I¢"{;-€'$‘-'1 

. 

t _‘ 
gi 

\"-1i~.‘."4':-I'*~3:.-‘. 1=7-I_";/.»11.;.::¢1.*I- ".J»',.:,..‘\.=:y=-‘--.1‘_.;t=-=_-.‘-_»1;,=\;---gm-=~* £~1*'—.’.I|',;»'“.}';';“>‘-'-'-'1~}'f_ 1 '_~¢‘~-'.1.,\;>~'-"3572-;'_=.1;'r:L‘,;‘r--.‘--‘H7:1-1"17;,-j1\¢.>I-1%.§T‘.‘.t£'- Kw; ’;_"!:_j*-'f’_":i; <‘- :~.:_-'-! "-'~I;-.¢~";'>-.*":;- 1.1"""1-3?-;-“W2:{_=.“F\':’,“-' 1 a 1; ..-:~, 1~..~-2-: :'_ 5 =1» -.1,-~';~ .~~5,-~v~;~;.~ 
'- --">“~ '-Nu-'*-¢~: -mi w~='="1~"-’1~=*“-“>1<- 1- -’»"1'r*=-i'r1--"<--:f-.r'=" 1-“ 41.1‘-"'1-1;":I-=@"‘..1"1"- -‘=""»",'f'."."#: -‘~"2-~~?-4:-'5'?-1£'Z-1»+=4=»~:~=_;.%'.';,fi=~i=:rFw.1»F~»v-;'~:-;%¥==;-?=:¢.-:;1.':-1,-».a.‘\';a:§e;!£;.;-._g' ' ;'0 

é 
.»F 

‘\,%_.'=\‘--'<e.'!:.-=-1»./1;.»s.=1r.-.54: ii;":!-3&6:V‘.J‘42.L~<‘>"\¢v|‘?'?"Y‘: ; .-‘—'. .;»_,- '_~:\-.\ ’-t."(» z--.‘,=:~.»-M1:_1.;:‘.;.»-..._ , ,,-_ “;=-. _~,,--_-_- . 4 .. .. _ ., 0;, ._ , ., .__. ._ __ , . _ , _ . . 

~'\'1-'i1:>‘.rf.~“='-Y121%? ‘.agrii51!’-'5£I3~5‘¢7%.;"."§,_.1I-siizré-iii*1i€='%I%:2*-53Izliiriré§;%.s_€a&3-'"'= -' ??*=T;E’.==i-Z +-'1-"i=-K“P"?Kii==#'€1:112-Pri-s?'.i;;=J;.:-1ri%,t'< @~:»';z£<;ss;-:.;£P;1~,-_¢,-. .. *;;f;-rtxfi2*i:1=§~-‘:;&mzae<§;»'=-=;=' ="+*;»¢» .:_ ~1,»; =~?:;:- 

'my:P»;ffi_q:§S"-.1_»‘;'}.;FE}Y@133‘:-yigigf{$55;;:j:2-;1‘{Q3;_TZ}!2:!:»1:{'.:3€-:,“I¢a-F7545-_i??5Ff{i'é55?5Gl${¢;'5k,.¢'aEE¥".$j§‘7i,-i‘=.T§'¢r:f'.l_(:<§;‘»'qrf;*;=‘-,Z:-'::q»13';':w;Yj;%-§.j1{:v=jF>,-55}-?:r.§F~'~EE‘E:3':-ff3:]§)7~;‘:‘$=?€Q§1§§7:5'»E'55 -A-‘L ;.@__\~;€I;
" 

,..m‘~Y-=*=fl»§»£-'::~=.:].;i:-=;‘-'73:»=i~1‘.=";;%r-'Br'.'1.\:".;.';@-3-H§S7i.=;:1;-‘.9;iM3*5€?:!;FE~;\:':i-mi'-=-2*?‘{,{:~!Z.1-:'g;;}§{?¢§7{1:‘n=/5;,-a-=*;.-,3¢$I2‘;;'<:,_:‘:$3/;17‘,h§7>:';;v;‘.>'f§‘:‘:§1;‘-»?}'E?‘;i*:;-~-*=ai;:.,-3;,-,-_-"F.H=’-"05-;I’=_»1.:,.. ';§:_-L ~,.\'1‘»'.'-.1-2 >1-;‘_1_*.:¢e,-,.-L‘;.}g._‘;'::_:., :.‘-gr; 11;‘,-‘-j;Z'.{1,\-"1. 7,‘-¢_~i.j‘.'.:5,;i:1i’.__ 
" ‘" ‘ ' ' “. 

jj "'"'3-‘I131’-jg?L==.‘I-IL‘Bin 
< ':‘L1">1~~‘»!Y F,-¢~:<»=~'~.¢11%»=\2=»:'a‘-I v F'?=?é~*’-NE.'1;"!;s.:7¥»J-v’-‘inYT?'-'i;.:;,:-f<=~*a‘r1‘;1‘I:I.“-.=I:‘-‘-“ii-1‘."\3'§:'Y%'Tm';w-(pa?1';,<‘-j.‘¢.;11L:<-5: _\;'~r»:= 

' 
'-. '.~¢=*.:; '_.‘;‘-.-;_..11‘"._~},-;»';?>;¢1€L= 

" - 

~7 wa:-5‘;':,=~‘fi~¢.<;L;2&1; -1.-;~_»; ""i\;i,l§:’f-'-""y*|',') ‘ ' ‘ “'"' "--'*“=‘=P‘,'1'»;‘-I-Q, 

.'=- 

1
' 

P’ 

.:

g Ly

i ;\ 
95" 

£1 7» -><.; k...‘ .. .v- _. . H .\ ‘.\‘f',>\I¢-'l'\'_\'.”'i*' w-mww‘-.‘1:"w-v'-.';~1-'_11- - "J 1'4:'-nJ'$'-4:l{'_"1"v\:‘\ ,.' ~ ';.\“,_‘.»».',-., .-,>_~s-H-_..,1, ,-»‘»,..'.1_.-,-».;. _-,. ;»\~..-_,.~.,. 1.-.¢;,. ‘ ;\w;;,§4‘,,‘-_-:. , 
.» __, _ , , ‘ ;~. _

‘ '- -.:',.-_/-‘,1-;_~@,w; wzq-».\ ~:.,».*;, » \h;;,*.‘,'-_».‘.\'.»- ,'.;.‘,-.-,1I-0.»:~w-,.,;~-;§;=;__;~._~¢-~_;v_‘.,:~;-».\,;,q\;.{, ‘,5; 1;-..-M (‘Y \.- ‘Kg: ~..~-_J:;:\~--,;':»_».- ,, ,, 

" '4': ,-1 '-~~.-_1,.;--,:\__=',.-_ .~r,= *_;>:‘:.\.n :- -1-,.». 
;_ 

\~'--,\,- -;~ ~- ~'-‘--.,w-‘.. .7 .:. _.~_- \ 
‘ -;»‘,.. 3- ,.-_1.*,': -' -,=»; ,<:-, , -~»-vu-»-L; ;$;¢.v‘»1v'¢‘.1---J" ~ ,;,b ,1 I-1*, h.'.’~‘-" :' :""~~‘ r-' -:‘,= 1'.-=»»>\.- \- 11>‘-.+-’~' M 1 ‘ 

'-\\-1-‘I-‘(lflv -’*.-K"-:"::~'~,-1... "=v.»~r.>1'.; w,» w -1» .1 -1" .~ -‘;;,'-- ‘~47; =1; :.:»;',:.¢_:..';,/ ~!',~~-_ :,;.—‘_-‘..!'-..1,',‘~‘__ : ;l.."-.,~,, ):_,-.\.‘~_';gfl;=:~;.-__». ¢__-1.-‘.,~< -,» .=;,»==v; ,-_'-; 2 -“'-;.;;' :'l‘1fl,_‘\-".\'»-"' ‘-0.", fig,“-4, ;‘;»;.;:iV;lp,\‘:{;FI-"N1-‘-j.£ \-;_-=-;-~ 
‘ 

».-\,-3..-n:.».<-,.‘ ~,~»-, 1; »-_4-»:'.\~~ -1 =1 ;¢-..-= 1. ~ > 1» »'v- ,. = ‘_ . ‘ _ ‘ ./».» - V » V - 1- I ‘ c-:='~_-.\--1.» _.»-.-‘;>=.:=. 1:»:-i-"1:-~,.¢:.; :»\‘:1::.'~, ‘_;-2 -‘;~:;v -=1: ~.;_m:~~ 7;: ; ~»;.-.2-,~--\.,»~mxw;-. =,-" --~:-..'/,..~';: -’;,'-- ""'.‘..>4'. -"1 ':*c:‘~:--L--.~~=-;;=}!,.,z> :‘"-»»'- '-’ “»r.~ -w Z_'fv-'..~ ,:-;-'..- »:=:-,'-» -.-" ‘ ";- ~ t-=1=‘£-#1"-.".--.:.;,'wi1'»; \-Y ¢' ., ~~:; ~ __"\ \-“,; »<-; A,.:~;4=~.':--.‘.:.=1:1-.-.'.¢-“;..;,1§,§'?_*..,~,yc;a~,;.,,:-.z.-.£i.:'&'n';fi:,.--.“,*.gm; j"-__5- »=>\-_;_,- aw,-.-'1-J-,.~¢,'~~.;,-,-2: Y,§:‘H'*,‘Q?-E:"2'<‘:f1':\:‘“4-:'w}§:"Yl7>I')E!1‘ 
‘ 

.':"'“!'-~"ffi“~1Q::"§‘.r=5'l1f c ‘.~'~.; --_-.-'_¢-,--,;<.¢: : 5-‘.=_-5"‘";,:<;&~=~:§~-‘Q-‘Q-;;Q 71 --"':"-11*:-‘-._4_,;~ :.z; J. ‘ . ..> .- \.-.~~- ~ .. . . ._ U ,~ ‘ - ~ 
. . . . -_ - ._ .. ..- » . _ . 

0 
“ ~ .'- --.‘~--\=»=.»L-‘:\~‘-'-"- w“-"-<‘-“-~*"#T»"11%"; :..-'-~ ‘*1-‘w --"’ v -1: ~'-r'¥.\‘ ~..j-:12-4'-1 =~-"H-'5 '--:~-;—-:;i,~:--~\=».~ um -1» . -',-..~-1.‘:-» ; --:.~ -_;_»=.::<‘:=~.-_€»;=§a-:1-1*~~-‘.5,x'=">-~-'1*'=:-115:;-1-2:.=‘.' an'.-2:5,>::-:!1.'y>::-s-.:.~.|»..Q31¢?':-\, N‘, _:.--.~ 6,; .‘. .-2,: ~;;_.: --. ;'* <-* -_:j=v'~:,~:¢:. 
.7>55;2,,g==~.§;~;;.~.;;<;_.;1+:1.-;J-:1.;r;:;-:;3,a;:g:a;¢1:1.-5&1. ".i:_;.j}, 1:;-r ;*_';;<z;:_--_.;;-,;;:;7,-,‘;‘_,--- ,;_,_'-.‘_= _f";;-.¢:,:;{-.:_-.;'gc=1=.-3;; =_= ,,‘;;'. 1.; 1- .;. ;'.;'.-., ;.-_=Ia1 -:1-\ 1,-~;-, .3;5;:'5v§;;‘;f;;:J=:_;-hii.-1‘I’-'1}-Z,’f,§{jJ§_':-=_:_:;<x"HI < -.-, .,-;,;,1..» ,4,‘ .»_~‘...;,»,~\;_-,,-_ »,¢;,r‘_¢‘-- \ »= :.~~_~.;_»v, <-_- --\~_;_-3,; ,<;, ,_-;{I;¢,:¢:;;»:A_~.»-_1.;»:. 

1- Y-*=->< '_="'='."‘/>‘-‘ ='- -‘-\==;.“-."1'1 »"~~ -'>=-'..i~-.;>--:>x.- ‘. :-.-~.1»~:-1»-‘~-.> Vic-r.‘-_ »'=. »-=;'\1T=“.~:=-==r 1‘r‘f"'~-.~‘;‘+‘: :I’~-'~*~'.~'.*‘~.--§"—f--: ,':-- .i'r‘- ~1'=~~'-' .= I ;"":- "=1-‘.1=.-.' 2‘;-\-.~.~:f ‘.'I‘.*»’.4‘~.".-2;.'.»'=:».§:‘* -7).‘ :‘_£=*:a’€{,'=I"_'>':- 1‘-'~‘-f?-J 1'-.11.l~?:‘5;:J’;Z1i=,1;;1 '-='_"..!"' =‘1'~'.' "'1 v;-:':»1a;f=1‘¢7;(é-.-
4 

-<1 

* "--'»-'-'~t-I"':'.:> '1 -~ '--"~'"»\"-=' ‘v *1-'-'.~',-fir.r'~1'».~:.<=:>:~.'--- -.*1.1-»r——~~'-- : \\»-‘u.\.~-..- --~'..,-.--\-h..-..-» -v~. _ ~..,,~,....->.~...,: . ‘ ‘...._.~, ._ _ _, Y .. _ .. <. , .. .. -. ,_ -: ,- . 
V ._,-.~ ...:..,., .I‘*j‘ <..-__.--~ 'r_,,--1; --‘ *'~'> H ~»~ _,-. '»,-..---.- .;§‘,..~-_~,_~;..; . U-;.».,_,_. -.‘.,T.',=‘.\;_<~;?~.:_-_,\,--¢.,,;=-q;;.,_ .~;;.,.. 1;»-.‘-,:,~.‘.\= 2 _':;<_-_;'y,?_'; “.1,‘:V.fl,'t"1-»"7,‘..k§_"V,fir';">E 3,.-_._.:,._-;_ Ru, ,_ ._ .._. 1. _ ‘.___1" 3: W=_r,_",¢_‘Nl 

' 1»-~»'1 \ '\'{;-Ii\=§‘."'<'~‘I.‘.'1.7»' ~1!>::'.'r:' "r ---::‘.- --~- q~->,_;~::1:-1-.~'1r---»~=',-~w;=~;V- ;_.'~~.._~;-~,_<,.-,--q_.\ .- - ~,;,-,-;,v..- .1 W. .r,-,».i.»!~;_'_,;-:-<.;= <-»_-W’-.;,~>:|;_¢_;,-_.;i ; ,uv~¢.‘.- r--~~_~__ 3.-f: . 1 ;_'r._-:,-;_~.: . ~31.-_;.>.,.z—::->,;,:4!-E3;q¢\~:;,=_-;\-;;;::;{-53;»_§-I,» .-;>3 , ,>;.~,_.»' ,-v,§'-‘;_4__,.;:v;V-,_-_ §_::1.»>,;:'_';;—.__=~'; _ 
E1; >411;-' -,‘,;~=_.2-'=~.'.=.<\~,_,<.,;;.I._-.-;z;“-.,-,.'.-»=,;=;4_-.¢¢-;;‘1.=;'=~;y;,;,-g1.,,§4_.;¢_-_¢-;»1-:¢;;=v->-;,»,~;u..,‘.--.(=,_>.v-I-..v;-W-1;z=1;.»;=:\1>»,.:-;<-,4-;,.¢,:-_-»-=::..;=;;)_mu.-.;-¢,-=;.’:~»@ .'-,,-4.--._\=.,~v.-;,‘:.'»;;@1_»_~-=»¢ ,. -»,~ , _ ‘, _, _ __ .7, \¢ ; ‘ ... ._ 

" ‘~=1‘5-i5¢€'¥¥i:==~‘-fE~'-Fr‘Y; =*‘~5-i1=’./»‘ 1. :‘~< 

;_ ‘ 

Ar 
_ .

4 

}\flJ'A.m1"zmm=q§5_\§ en"rnnee“ 
aada anada 

Q 

P 
_

, 

; {A ta‘ 

atinal lnstitut ateratinale 
i

' 

searfi =) nstiteaux= 
a 

» 

-

. 

:'

‘

' 

‘ 

"1

H 

"_ 

"_:'.'.':_.?', 

-"'—-“'- 

.- 

‘-

1 

. 

-<".-I»-;~""' L 1-:7'=‘.~ *"-av"-1:-,1" ZI1\‘:7i‘d€B2"31hT" '



Short-Titlei Factor Analysis f 

Key words: 

‘w=m*~m= 
\/U:r;\3(Q}|}‘%,W\;!!!EWt]lf “p‘ ow H: ,~ 

0 Water Chemistry 
Data 

Elevation, emissions, lakes, nitrate, 
pH, precipitation, rivers, seasalt, 
sulfate, weathering. 

_,_ L,/..~\|“\ mg Ii-4, “ _~ - 

H Gull’ '_ 
.,1 1 v\_y/nllzjgm lL,[_[Q\b:k% ‘vfév 

1‘ failml 51% , 
t K4 

rr>,$\r.' @l.~.|'r;-= ~— @.~,,,,- ‘_
H 

, >] 
,~"*@W ewe? ;‘ 

H 
" 

/,‘:v'w(‘---=-~ " 
_ 

*7 . ‘l_1‘~_1¢.'_;[lI_l.-l)‘l\€;‘\a‘§' e 
’)C3_i-',fli,fl.7i,l;I]fY§:‘7(lJI'%f‘_{']l,

- isle ‘M §¥Z§§§§€Y 2~1‘ 
Y “=11--._> ~ A 

@enhm@@_5“*&&§? 

4 

FACTOR ANALYSI$ APPLIED T0 WATER CHEMISTRY DATA: 
ITS USEF ULNESS AND LIMITATIONS 

by 
Mary E. Thompson 

Canada Centre for Inland Waters 
Burlington, Ontario, Canada L7R 4A6 
National water Research Institute 

Contribution #83-19 
April 1983 

'Ti[> 
TlZl€@ 

,fiJE37 
no.8@'



EXECUTIVE OVERVIEW 

The chemistry of precipitation and of surface waters is 

determined by the contamination of the\water through chemical react 

tions or physical absorption of materials with which the waters come 

into contact. The portion of the variation in chemical content that 

is due to natural causes such as chemical weathering of geological 

materials or of transport of seasalt and that due to anthropogenic 

atmospheric pollution is a primary concern of the Long Range Transport 

of Airborne Pollution (LRTAP) program. 

This paper _reports the results of the application of 

standard methods of factor analysis to a series of surface water and 

precipitation chemistry data» The analysis clearly identifies 

factors due to chemical weathering, seasalt, and LRAP. The LRTAP 

factor, which appears as pH heavily loaded in one sense and sulfate 

and in some cases also nitrate and lead heavily loaded in the opposite 

sense, is generally more prominent in the precipitation data than in 

the surface water data. The LRTAP factor explains 152 of the variance 

in precipitation chemistry data for Sable Island, Nova Scotia, 19% at 

Shelburne, Nova Soctia, and 40% at Sept Iles, Quebec. In Ontario 

data, however, because of apparent higher levels of continental dust, 

the variance explained by the LRTAP factor decreases or the factor 

becomes obscure.



In surface water data, fortunately, the LRTAP factor does 

not appear as a strongly developed factor in many of the data sets. 

It exaplains 19% of the variance in the data for the Northeast Pond 

River, Newfoundland; it is overwhelmed by the loadings for colour, 

aluminum, and total orgfigic carbon in the data for the Mersey River, 

Nova Scotia; it: explains 9% of the variance in. the data for the 

Ste. Anne River, Quebec, 182 of the variance in the data for lakes in 

or near Laurentide Provincial Park, 15% of the variance in the data 

for lakes in the valley of the St. Maurice River, Quebec, and does not 

show clearly in the other surface water data sets- 

The factor loadings lack quantitative significance because 

the results are so sensitive to the choice of variables to factor, and 

to the choice of the method of factoring and of rotation of the factor 

matrix. The relative importance of the LRTAP factor and of the vari- 

ables contributing to this factor, however, are clearly demonstrated.



Résqmé 5 l'intention des cadres 

Les réactions chimiques et les mécanismes d'absorption des substances 

avec lesquelles l'eau entre en contact déterminent la composition chimique des 

précipitations et des eaux superficielles. Le programe sur le transport.5 

distance des polluants atmosphériques (TADPA) s'intéresse particuliérement aux 

variations de la composition chimique attribuables 5 des causes naturelles, 

notamment 5 1'altération chimique de matériaux géologiques, an transport du 

sel marin, et 5 la pollution atmosphérique d'origine anthropique. , 

Le présent docuent expose les résultats de l'application de méthodes 

normalisées d'analyse de facteurs 5 une série de données sur la chimie des 
. v \ - 

eaux superficielles et des précipitations. Ces analyses ont permis d'identifier 

clairement les facteurs dus 5,1'altération chimi ue 5 l'action du sel marin Q : 

et au TADPA. Le facteur TADPA, qui est parfois représenté en grande partie 

par le pH dans un sens-et par les sulfates, et dans certains cas par les 

nitrates et le plomb dans le sens inverse, joue généralement un r3le plus 

important dans les données sur les précipitations que dans celles sur les 

eaux superficielles. Le facteur IADPA rend compte de 15 Z de la variance 

abservée dans les données sur les précipitations l'I1e de Sable en Q)! 

/ . 
V

I 
Nouvel1e—Ecosse, de 19 Z 5 Shelburne en Nouvelle—Ecosse et de 40,2 5 Sept-Iles 

au Québec. Par contre, en Ontario, en raison de la présence d'une plus grande 

quantité de poussiére continentale, la variance du facteur IADPA décroit, 

ou ce facteur devient obscur.



Heureusement, le facteur TADPA ne semble pas aussi important 

dans un grand nombre de séries de données sur les eaux superficiel1es.< 

I1 rend compte de 19 Z de la variance des données sur le trongon nord- 

est de la riviére Pond 5 Terre-Neuve; il est masqué par les charges 

élevées en couleur, en aluminiu et en carbone organique total dans les 
_

I 
données sur la riviére Mersey en Nouvelle-Ecosse; il rend compte de 9 Z 

de la variance des données sur la riviére Ste-Anne au Québec, de 18 Z de 

la variance des données sur les lacs se trouvant 5 proximité ou 5 

l'intérieur du parc provincial des Laurentides, de 15 Z de la variance 

des données sur les lacs de la vallée de la riviére St—Maurice au Québec 

et il n'apparait pas clairement dans les autres séries de données obtenues 

sur les eaux superficielles. 

Ces facteurs ne sont pas quantitativement significatifs, car 

les résultats sont étreitement liés au choix des variables et au choix 
du mode de détermination des facteurs et du mode de rotation de la matrice 
L'importance relative du facteur TADPA et de ses variables a toutefois 

été clairement établie.



ABSTRACT 

Results of factor analysis applied to data for rivers, 

lakes, and precipitation chemistry are presented. The major factors 

affecting the chemistry of surface waters are seasalt (near the 

coast), chemical weathering, and acidic precipitation. Similarly, the 

major factors affecting precipitation chemistry are seasalt (near the 

coast), acidic precipitation, and continental dust. 

Factor analysis is useful for displaying relationships 

within a data set, and can be used as an aid to understanding the 

sources of variation in complex environmental problems. However, 

precise quantitative significance should not be ascribed to the factor 

loadings, because the values obtained are so sensitive to the choice 

of variables and of method of factoring and of rotation of the factor 

matrix. '



Résumé 

Les résultats de l'analyse de facteurs appliquée aux données 

obtenues sur la chimie des eaux de riviéres, de lacs et de précipitations 

sont présentés. La chimie des eaux superficielles est principalement 

influencée par des facteurs tels que le sel marin'(prés des c6tes), l'alté— 

ration chimique et les précipitations acides. De la méme fagon, la ohimie 

des précipitations dépend surtout de facteurs tels que le sel marin (prés 

des cfites), les précipitations acides et la poussiére continentale. 

L'ana1yse permet de mettre en évidence des relations au sein 

d'une série de données et de mieux comprendre l'origine des variations 

dans le cas de problémes environnementaux complexes. Toutefois, il ne 

faut pas attribuer une valeur quantitative précise aux facteurs, car les 

valeurs obtenues sont trés sensibles au choix des variables et au choix 

du mode de détermination des facteurs et du mode de rotation de la * 

matrice. l
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INTRDDUCTIOR 

‘
. 

For many sets of water chemistry data, it is possible to 

deduce that the various chemical species have different sources, e.g. 

chemical weathering, the marine aerosol (seasalt), and the continental 

aerosol (acidic precipitation, industrial emissions, agricultural 

emissions, and natural dusts). Factor analysis is a possible method 

of testing such deductions (Drever, 1982), and perhaps of quantifying 

the relative importance of each source. A factor.is considered to be 

an independent source of variation (Dalal, 1979) within a data set. 

) . f 

Factor analysis has been applied to-water chemistry data: 

Hitchon at El. (1971) applied it to the chemistry of formation waters 

in the western sediment basin. Reeder gt al. (1972) applied factor 

analysis to extensive sampling data for the Mackenzie River system. 

Miller and Drever (1977) used factor analysis on chemical data for a 

stream after a. storm. 9 Davis and Zobrist (1978) applied factor 

analysis to river chemistry data. Dalal (1979) factored precipitation 

chemistry data in Trinidad. Mackin §£_§l;_(l980) studied factors from 

data for Lake Michigan. Each of these studies was focused on a single 

kind of water, but now, with the large and growing data base assembled 

for LRTAP (Long Range Transport of Air Pollutants) purposes at NWRI 

(National Water Research Institute) it is possible to perform factor 

analysis oula number of different kinds of water data sets: rivers,
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lakes, and precipitation chemistry, near the sea and inland, and to 

compare the results between sets as well as to assess the effects of 

choice of and number of variables factored. 

Existing factor analysis programs (Kim, 1975) from a package 

known as SPSS - a Statistical Package for the Social Sciences were 

used. The SPSS programs offer a choice of ways in which to factor as 

well as a choice of ways to rotate the factor matrix. The factor 

method used most here is principal factoring without iteration, known 

as PA~l, Some of the data, however, were also factored by another 

method known as principal factoring with iteration (PA—2). Whereas 
PA—l assumes unit communalities, PA—2 estimates communalities from the 

squared mltiple correlation between a given variable and the rest of 

the variables in the matrix. A communality is defined as the 

proportion_ of a variable sharing something in comon with ,other 

variables in the set (Kim, 1975).
' 

To some extent, factors can be predicted by examination of 

the correlation table. Highly correlated variables tend to show up as 

highly loaded on the first factor. Variables with a strongly iniverse 
correlation tend to be highly loaded, with opposite signs, on at least 

one of the first few factors. The factor loadings calculated by the 

SPSS Factor programs vary between plus and minus one, and loadings 
near zero are considered not to be significant.
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_ Rotation of the original factor matrix tends to simplify the 

factor structure. For most of these data sets, quartimax rotation, 

which tends to maximize the loading of a given variable on one factor, 

and minimize its loading on all others, was used. For a few of the 

data sets, varimax rotation was used. Varimax tends to maximize the 

variance of the squared loadings in each column of the factor matrix. 

The factor program calculates results for as many factors as 

have Eigenvalues greater than 1- A lower minimum Eigenvalue may be 

set, but the additional factors generally explain only a small 

percentage of the variance and often are difficult to interpret. 

The two methods, PA—l and Quartimax or PA—2 and Varimax 

generally gave similar results~ Table 1 lists the data sets, dates, 

number of variables, factor type, rotation type, and number of cases. 

Table 2 lists the variables and their means and standard deviations 

for each data set. 

RESULTS 

River Data 

The Northeast Pond River, Newfoundland, is a small, soft 
water river that receives intermittent high inputs of seasalt from the



-4- 

marine aerosol, and at such times displays cation exchange, i.e., 

fresh water calcium is released and marine sodium is taken up; sodium 

is so much higher in concentration than calcium at such times that 

only a small part of the sodium present exchanges (Thompson, 1982). 

The river also receives input from the continental aerosol, which will 

be referred to as the LRTAP factor (LRTAP from Long Range Transport of 

Airborne Pollutants). The results of factor analysis for this river 

are shown on Figure 1. The major marine components, sodium, chloride 

and magnesium, are all highly loaded on Factor 1, and because of the 

cation exchange, so is calcium. Potassium, which is at about the same 

concentration in seawater as calcium, is less highly loaded. About 

half of the potassimm is from seasalt, the remainder from chemical 

weathering. The second factor, showing sulfate loaded inversely to pH 

and alkalinity can be called the LRTAP factor. The percent of vari- 

ance explained by each factor and the cumulative percent variance is 

shown at the bottom of the plot. Thus the LRTAP factor is relatively 

unimportant for this rather remote river, as it explains only 19% of
\ 

the variance. 

The Mersey River, Nova Scotia, receives less seasalt, and 

its chemistry is strongly influenced by organic matter, humics and 

fulvics from bog drainage. The pH (Table 2) is lower than that of the 

Northeast Pond River, and alkalinity is generally not present. Data 

are available, however, for colour, TOC (total organic carbon),
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manganese, iron and aluminum, so these variables were chosen along 

with pH, calcium (to represent chemical weathering), chloride (to 

represent seasalt), and sulfate (which may come from seasalt or from
\ 

LRTAP). The factor results are shown in Figure 2.' The first factor 

is highly loaded with colour, TOC and aluminum, strongly inverse to 

pH._ The second factor may be due to seasalt. rThe third factor is 

highly loaded by iron and maganese. These results suggest that at 

present (the data are from February 17, 1980 to July 4, 1980) the pH 

of the Mersey River is dominated by organic compounds, and that iron 

and manganese are essentially independent of the other variables. 
. 

. / 

The Ste. Anne River on the Gaspe Peninsula in Quebec is a 

hard water river that probably has a terrestial source as well as a 

LRTAP source of sulfate, because it yields approximately twice as much 

sulfate as one would predict from known deposition patterns. The 

conventional major ion variables and nitrate were chosen for factoring 

because only limited amounts of data were available 'for other 

species. The results of the factor analysis are shown on Figure 3. 

The first factor, appears to be related to chemical weathering and 

possibly some seasalt, the second and third factors are essentially 
unique to nitrate and potassium respectively. The fourth factor, 
explaining only 92 of the variance, is LRTAP.
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Lake Da , stfl 

Lakes in Quebec were sampled in the first few months of 

1982, and have been separated into three groups: lakes in the high 

Laurentians north of Quebec City, lakes in the broad valley of the 

St. Maurice River, and lakes near Mt. Tremblant. 

The results for the Laurentide lakes are shown in Figure 4.
2 

The first factor shows the chemical weathering variables inverse to 

elevation, as might be» expected. The second factor is LRTAP, the 
third factor is essentially nitrate alone. 

‘Results for the Mauricie lakes are shown on Figure 5. The 
number of variables was reduced to seven, to simplify the factor 
results. The first factor may be ascribed to chemical weathering, 
although the high loading for nitrate is puzzling. The second factor 
is probably' LRTAP, although the inverse loading _of pH to sulfate, 
chloride and nitrate is not very strong. vSimilarly, the third factor 
is essentially unique to elevation, although sulfate is weakly loaded 
inversely to elevation. ~ 

Figure 6 shows the results for lakes in the vicinity of Mt. 
Tremblant, Quebec, for eleven variables. The first factor resembles 
the first factor obtained for the Laurentide ,1akes: chemical
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weathering-related variables highly loaded 1h; a positive sense, and 

elevation rather highly loaded in a negative sense. There is no clear 

cut pH vs sulfate LRTAP factor. The association of sulfate with 

chloride on the second factor without any loading by pH implies that a 

large part of the chloride and sulfate arrived as neutral salts, 

perhaps as roadsalt in this more heavily populated area (a popular 

vacation area just north of Montreal). 

The third factor is essentially unique to nitrate (and 

accounts for only 14% of the variance) although there is a weak 

inverse loading by pH, and a weak positive loading by elevation and 

sulfate. Nitrate can accumulate in lakes, such as the Great Lakes, in 

which phosphorus or other nutrients limit growth, but nitrate is 

consumed in the terrestrial ecosystem, especially during the growth 

season. Thus nitrate rarely appears in runoff in appreciable quanti- 

ties, except during snowmelt. High elevation, nutrient-poor, head- 

water lakes are therefore more apt to accumulate nitrate than lower 

elevation lakes. 

Figures 7 and 8 show the results obtained for lakes near 
Sault Ste. Marie, Ontario, north and south of 47°N latitude. These 

lakes, which will be more fully described in a report in preparation 
(Kelso and Thompson, in preparation), displayed an interesting areal 

pattern of sulfate concentrations, particularly with respect to high
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concentrations associated with higher elevations north of 47°N lati- 

tutde. 

These lakes were the first data set I attempted to factor 

and the first few efforts were unsuccessful. The SPSS program 

reported that the correlation matrix was singular, and hence, non— 

invertable, and/or that negative Eigenvalues were obtained, and that 

for one or both reasons the factor analysis might be unreliable. A 
number of alternatives such as correcting errors in the data table or 

eliminating one or more variables were tried, but it was not until the 
/' 

lakes were separated into two groups by latitude%'that useful and 

interpretable factors were obtained. The new information that was 

obtained was the very different relationship for elevation and sulfate 

between the two groups of lakes, that shows up in the second factor 

for both groups of lakes. 

After so much study of one data set I had learned that 

choice of variables affects the results obtained, that if a number of 

species such as pH, conductance, alkalinity and the major cations all 

load heavily on one factor, i.e., chemical weathering, that simpler 
and equally useful results can be obtained by reducing the number of 

variables by choosing two or three variables to represent the chemical
. 

weathering factor and omitting the others. After this amount of study 
of this data set, it was possible to frame the question: what
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relationship will factor analysis show among these five variables? 

For the Sault Ste. Marie lakes I chose as variables, finally: pH, 

alkalinity, sum of cations, sulfate, and elevation. The first factor 

is, indeed, chemical weathering and the second factor, involving 

principally elevation and sulfate is LRTAP. The southern lakes show 

an inverse relation between sulfate and elevation, reflecting the 

Sault Ste. Marie "plume" (Kelso and Thompson, in preparation), and the 

northern lakes show a strong positive relationship between elevation 

and sulfate, Study of these lakes is continuing, to determine the 

cause of the latter relationship. 
,

‘ 

Precipitation Chemistry Data

/ 

Figure 9 shows the results_ of factoring of precipitation 

chemistry data for Sable Island, Nova Scotia. The first factor is 

dominated by seasalt, the second factor shows ph strongly inverse_to 

N03, and may represent a LRTAP effect. The third factor is strongly 

loaded by ammonia, less so by pH and N03. The seasalt contributes 
sulfate but very little ammonia and thus confuses the LRTAP factor. 

To follow up _on this analysis, I_ next factored seasalt- 
corrected data for Sable Island (Figure 9A), assuming that chloride is 

a measure of the marine component, and that the marine component has 

ordinary open seawater major ion ratios. Here, the first factor is
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clearly LRTAP, with nitrate nearly as heavily loaded as sulfate and pH 

heavily loaded in an inverse sense. The second factor is_more or less 
. an, 

unique to ammonia, and the third factor may represent contintal dust. 

Next, I framed the question: what will factor analysis show 

us about the relationships among the four variables nitrate, sulfate, 

pH, and ammonia? (Figure 9B). Comparison of Figures 9A and B will 

show that the loadings are similar, but that the absence of the other 

variables akes visible a positive association between NH3 and pH, an 

association to be expected on chemical grounds. 

SamPles of precipitation from the CANSAP (Canadian Network 
for Sampling Precipitation) network are routinely analyzed for major 

ions, nitrate plus nitrite/N, ammonia/N, silica, total phosphorus, and 

six metals: iron, nickle, copper, zinc, cadmium, and lead, or as many 
of these as the sample volume permits. In the Sable Island CANSAP 

file, most of the metals in most of the samples were below detection 

limit, but in the Shelburne, Nova Scotia CANSAP file, metal concentra- 
tions were generally‘ higher, so for Shelburne a larger number of 

variables was factored. The data were also factored in two different 

ways, PAl and Quartimax and PA2 and Varimax (Figure 10). The two 
methods gave similar results. The first factor, most heavily loaded 

with sodium, chloride, and magnesium, suggests seasalt. The second 
factor is clearly LRTAP, with acidity strongly opposed to pH, and also
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heavily loaded by lead, sulfate and nitrate. As lead and nitrate have 

a comon source, vehicle exhausts, their association on Factor 2 is 

persuasiye. The third factor, most heavily loaded by TP (total 

phosphorus) and less so DY Potassium and ammonia, suggests fertilizer, 

but whether it “is off local or distant origin is not known. The 

association of zinc and calcium on the fourth factor is at present 

inexplicable. 

Results of analysis of precipitation chemistry data at Sept 

Iles, Quebec, are shown on Figure 11. Sept Iles is far enough from 

the sea and into the main continental pollution plume that LRTAP shows 

up as the first factor. Note the association of nitrate and lead, 

which was also seen in the Shelburne data. The second factor appears 

to be seasalt, the third factor associates Fe, zinc and lead, and may 
reflect local industrial emissions. The fourth factor, by the first 

method (PA-1, Quartimax) associates total phosphorus, calcium, potase 

sium and zinc, but the association is less clear by the second method 

(PA—2, Varimax). 

Proceeding further inland, Figure 12 shows results of factor 
analysis for precipitation chemistry data at Simcoe, Ontario, an agri- 
cultural area near Lake Erie. The number of cases is small, only 16, 

and the analysis may not be reliable, but the first factor is clearly 
LRTAP, the second probably agricultural, the third may be roadsalt,
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the fourth is mainly metals,’ the fifth explaining only 72 of the 

variance again suggests fertilizer. * - 

The previous precipitation data have been wet-only samples; 

the next and last, Figure 13, data set is for bulk precipitation at 

Ancaster, Ontario. The first factor appears to be dominated by wind— 

blown dust; the second seems to be LRTAP, and the third. agricultural 

or fertilizer. 

DISCUSSION 

. Results have been presented for factor analysis of data for 

three rivers, a soft water river influenced by seasalt and cation 

exchange, another soft water river influenced by natural organics, and 

a hardwater river in an area where acid deposition rates are fairly 

high (about 80 meq S04 m_2 yr_1 in 1978 according to Barrie and Sirois 

(1982)). 

V Results have also been presented for five sets of lakes, 

three in Quebec. and two in Ontario and for four‘ sets of wet-only 

precipitation chemistry, from Sable Island west to an inland station 

in Ontario, and for one set of bulk precipitation chemistry data in a 

rural area of Ontario.
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In general, the results are understandable and the factors 

clearly relate to the dominant influences affecting the data. Some of 

the third and subsequent factors are difficult to interpret but 

usually represent only a small portion of the total variance. 

The analysis has been limited by the availability of data. 

The largest number of variables yet factored has been 15, the largest 

number of cases (samples) has been 110._ The results can be varied 

considerably “by choice of variables. For the Ontario ‘lakes, for 

example, most of the chemical weathering—re1ated variables (Ca, Mg, 

sum of cations, alkalinity, pH) loaded heavily on the first factor, 

but our interest was in the relationships between sulfate and elevae 

tion, so to simplify the results, the number of weathering related 

variables was reduced to three. This was the end result of a series 

of changes, which, fortunately, are quick and easy to make with SPSS; 

Indeed, the ease of use of SPSS is seductive, one is tempted to carry 
on indefinitely, changing variables and methods of factoring, 

SUMMARY AID CONCLUSIONS 

Factor analysis applied to water chemistry data produces 

readily interpretable results aside from a few difficult to interpret 

factors (Factor 2 on Figure 5, Factor 4 on Figure 10). The major 

factors appear to be due to seasalt, chemical weathering, LRTAP,
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natural dusts, and industrial emissions of metals. The factors 

commonly loaded with potassium, total phosphorus and- amonia may 
indicate loss of nutrients from agricultural lands. 

The SPSS programs provide a great deal of information which 
has not been considered here: the correlation table, Eigenvalues and 

the percent of variance explained by each factor, and more. But, as 

the reuslts change with method and choice of variables, little quanti- 

tative significance can be attached to them. Nevertheless, the 

analysis is useful for testing assumptions about the major influences 

on the chemistry of natural waters. It is, however, only one part of 

a complete analysis of a data set.
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Table 1‘ Data sets, dates, number of variables faetored, factor 
’ type, rotation type, and number of cases. . 

Table 2- Summary of data used in factoring.

V
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tation 

No. of Factor Rotation 
Rivers Dates Variables Type Type 

No. of 
Cases

L 

Northeast 
Mersey 
Ste. Anne 

Pond 70-ll-12 79-02-14 
80-06-05 81-05-28 
68-05-29 69-09-12 

8 PA-1 
9 PA-1 
9 PA-1 

Quartimax 110 
35 
64 

Lakes 

Laurentide 
St. Maurie 
Mt. Trembl 
Algoma N 
Algoma S

S
8 
ant 

1982 
1982 
1982 
1979 
1979 

PA-1 
PA-1 

11 PA-1 
5 PA-1

. 

5 'PA-1 

11 
11 

iv 

II 

II 

it 

II 

63 
27 
44 
34 
41 

Precipitat ion 

Sable Is 
Sable Is 
Shelburne 
Sept Iles 
Simcoe 
Ancaster 

73-03-01 

'76-07-01 
77-04-01 
77-06-01 
75-02-01 

81-02-01 

81-01-31 
79~12-31 
so-01-01 
so-os-01 

10
8 

£7 F-' 

xz 

"U"U"U 

>

> 
I-‘N7 

"U

> 

EE r-p-|- 

"OW 
=i>> 

15 - 
1s(14 - 
14 » - 
12 _ A.

2
2

2 

Quartimax,Varimax 

Varimax ' 

Quartimax,Var1max 

50 
39 
24 
24 
16
55
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Table 2- Summary of data used in factoring. ' 

Most of the data are in mg L 1, pH is in pH units, conductivity in 
US cm‘ , alkalinity and acidity are as mg CaCO3 L_1, ¢01°uf 13 in 
chloroplatinate units, elevation is in metres. For the lakes near 
Sault Ste. Marie, Ontario, (26 and 2H), sum—of—cations, sulfate, and 
alkalinity are in ueq L'1. 

;'is the mean, s the standard deivation 

2A The Northeast Pond River, Newfoundland 
2B The Mersey River at Mills Falls, Nova Scotia 
2C Sainte Anne River, Gaspe, Quebec 
2D 'Laurentide Lakes, Quebec 
2E Lakes in the Valley of the St. Maurice River, Quebec 
2F Lakes near Mont Tremblant, Quebec 
2G Lakes near Sault Ste. Marie, Ontario, north of 47°N Latitude 
2H Lakes near Sault Ste. Marie, Ontario, south of 47°N Latitude’ 
21 Precipitation data for Sable Island, Nova Scotia

_ 2IA Seasalt-corrected precipitation chemistry data for Sable Island, 
Nova Scotia 

2J Precipitation data for Shelburne, Nova Scotia 
2K Precipitation data for Sept Iles, Quebec . 

2L Precipitation data for Simcoe, Ontario 
2M Precipitation data for Ancaster, Ontario
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Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 
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FIGURES 

Results of factoring _(PA—l, Quartimax) of data for the 

Northeast Pond River, Newfoundland. 

Results of factoring (PA*1, Quartimax) of data for the 

Mersey River, Nova Scotia. 

Results of factoring (PA-l, Quartinax) of data for the 

Sainte Anne River, Quebec. 

Results of factoring (PA—1, Quartimax) of lakes in or near 

Laurentide Pronincial Park, Quebec. 

Results of factoring (PA*1, Quartimax) of lakes in the 

valley of the St. Maurice River, Quebec. 

Results of factoring (PA-1, Quartimax) of lakes near Mont 

Tremblant, Quebec. 

Results of factoring (PA-1, Quartimax) of lakes near Sault 

Ste. Marie, Ontario, north of 47° N. Latitude.



Figure 8. 

Figure 9. 

Figure 9A. 

Figure 9B. 

Figure l0A. 

and 10B. 

Figure 11A, 

and 11B 

-24- 

Results of factoring (PA=l, Quartimax) of lakes near Sault 

Ste. Matie, Ontario, south of 47°N Latitude- 

Results of factoring (PA-1, Quartimax) of precipitation 

chemistry data for Sable Island, Nova Scotia. 

Results of factoring (PA-1, Quartimax) of precipitation 

chemistry data for Sable Island, Nova Scotia,A after 

correction for seasalt. 

Results of factoring (PA—1, Quartimax) of precipitation 

chemistry data for Sable Island, Nova Scotia, after 

correction for seasalt and considering only four 

variables. 

Results of factoring (PA-1, Quartimax (A) and PA—2, 

Varimax (B)) of precipitation chemistry data for 

Shelburne, Nova Scotia. 

Results of factoring (PA-1, Quartimax (A) and PA—2, 

Varimax (B)) of precipitation chemistry data for Sept 

Iles, Quebec.
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Figure 11C. Results of ffactoring (PA—2, Varimax) of precipitation 

chemistry data for Sept Iles, Quebec, after eliminating 

one variable, K+}

\ 

Figure 12- Results of factoring (PA-2, 'Varimax) of precipitation 

chemistry data for Simcoe, Ontario. 

Figure 13A. Results ~of »factoring (PA-1, Quartimax (A) and PA-2, 

and 13B. Varimax (3)) of bulk precipitation chemistry data for 

Ancaster, Ontario.



Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

FIGURES 

Results of factoring (PA=l, Quartimax) of data for the 

Northeast Pond River, Newfoundland. - 

Results of factoring (PA-l, Quartimax) of data for the 

Mersey River, Nova Scotia. 

Results of factoring (PA-l, Quartimax) of data for the 

Sainte Anne River, Quebec. 

Results of factoring (PA-l, Quartimax) of lakes in or near 

Laurentide Provincial Park, Quebec. 

Results of factoring (PA-l. Quartimax) of lakes in the 

valley of the St. Maurice River, Quebec. 

Results of factoring (PA-l, Quartimax) of lakes near 

Mont Tremblant, Quebec.
_ 

Results of factoring (PA-l, Quartimax) of lakes near 

Sault Ste. Marie, Ontario, north of Q70 N. Latitude. 

Results of factoring (PA-l, Quartimax) of lakes near 

Sault Ste. Marie, Ontario, south of H70 N. Latitude. 

Results of factoring (PA-l, Quartimax) of precipitation
S 

chemistry data for Sable Island, Nova Scotia. 

Results of factoring (PA-l, Quartimax) of precipitation 

chemistry data for Sable Island, Nova Scotia, after 

correction for seasalt. 

Results of factoring (PA-l, Quartimax) of precipitation 

chemistry data for Sable Island, Nova Scotia, after correction 

for seasalt and considering only four variables.



‘ Figure l0 A and B. Results of factoring (PA-l, Quartimax (A) and 

PA-2, Varimax (8)) of precipitation chemistry data for 

Shelburne, Nova Scotia. 

Figure ll A and B. Results of factoring (PAfl, Quartimax (A) and 
- PA-2; Varimax (B)) of precipitation chemistry data 

for Sept lies, Quebec. 

Figure ll C. 
_ 

Results of factoring (PA-2, Varimax) of precip- 

itation chemistry data for Sept lies, Quebec, after 

eliminating one yariable, K+. 

Figure l2. Results of factoring (PA-2, Varimax) of precip- 
" itation chemistry data for Simcoe, Ontario» 

Figure l3 A and B. Results of factoring (PA-l, Quartimax (A) and 

PA-2, Varimax (B)) of bulk precipitation chemistry data D for Anc-aster, Ontario.
D
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