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S e r g e a n t ,  D. B., V .  Z i t k o ,  ana L. E. Burr idge .  1981. Sampling,  a n a l y s i s ,  and d a t a  e v a l u a t i o n  of p r e c i p i t a -  
t i o n  a t  S t .  Andrews, ?Jew Brunsrrick, Canada, 1978-80. Can. Tech. Rep, F ish .  Aquat. S c i .  1023, i i i  + 26 p. 

P r e v i o u s ,  s h o r t - d u r a t i o n  s t u d i e s  i n  s o u t h e a s t e r n  New Brunswick i n d i c a t e d  t h a t  t h e  p r e c i p i t a t i o n  is a c i d i c  
(geometric mean pH 3.84 i n  1977 and 4 - 6 1  i n  1976) .  Few i n o r g a n i c s  i n  t h e  p r e c i p i t a t i o n  had been measured.  I n  
t h i s  s t u d y ,  conducted  d u r i n g  June-October 1978 and d u r i n g  J u l y  1979-July 1980,  e a c h  p r e c i p i t a t i o n  e v e n t  was 
s a n p l e d  ( t o t a l  123) .  I n  a d d i t i o n  t o  pH and volume, c o n d u c t i v i t y  and t h e  c o n c e n t r a t i o n s  of Ca, B, Na, K ,  C l ,  
504 ,  NO2 + NO3, t o t a l  P ,  XE4, Cu, Zn, Cd, Pb, Mn, and Fe were de te rmined  d u r i n g  June-October 1978, 

The g e o m e t r i c  mean pH's were 4.45 and 4 .23  i n  t h e  1978 and 1979-80 s t u d i e s ,  r e s p e c t i v e l y .  O f  t h e  t o t a l  
1 2 3  s a m p l e s  taken  d u r i n g  1978-80, 26% had pH between 3.0-4.0, 43X between pH 4.0-4.5, 22% between pH 4.5-5.0, 
and  9% betvreen pH 5.0-6.0, w i t h  on ly  one v a l u e  g r e a t e r  than pH 5.6. The f a l l  and w i n t e r  v a l u e s  tended t o  be 
h i g h e r  i h a n  t h e  s p r i n s  and summer v a l u e s .  The c o n c e n t r a t i o n s  of t h e  major i o n s  were low except  f o r  SO4  
whicii was 22.6 mg/L i n  one sample. The c o n c e n t r a t i o n  ranges  of Cu, Zn, Cd, Pb,  Xn, artd Fe were 0 , l -51 .0 ,  
5.8-87.6, 0.1-3.59, 0.1-62.5, 0.3-12,7, and 1.4-143.0j ig/L,  r e s p e c t i v e l y .  The o r t g l n  and a i r  prci.1 
t r a j e c t o r y  f u r  each 1978 p r e c i p i t a t i o n  e v e n t  showed a  c o r r e l a t i o n  between t h e  d i r e c t i o i ~  of t h e  t r a j e c t o r y  and 
t h e  a c i d i t y  of  t h e  p r e c i p i t a t i o n .  Lower pH v a l u e s  were a s s o c i a t e d  w i t h  e v e n t s  approaching  from the  s o u t h  
t h r o u g h  southwes t .  C o r r e l a t i o n s  among t h e  p r e c i p i t a t i o n  c h a r a c t e r i s t i c s  a r e  d i s c u s s e d .  

July-August  d a t a  f o r  1976-80 i n d i c a t e  no t r e n d  of  pH v a l u e s ,  A l l  d a t a  f o r  June  1978-July 198C y i e l d  an 
a n n u a l  d e c r e a s e  of 0 ,18  pH u n i t s ,  bu t  t h e  c o r r e l a t i o n  c o e f f i c i e n t  is only  0.260, 
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S e r g e a n t ,  D. B., V .  Z i t k o ,  and L. E. Burr idge .  1981. Sampling,  a n a l y s i s ,  and d a t a  e v a l u a t i o n  of p r e c i p i t a -  
t i o n  a t  S t .  Andrews, New Brunswick,  Canada, 1978-80. Can. Tech. Rep. F i s h .  Aquat, S c i .  1021,  i i f  + 26 n.  

Des Q t u d e s  d e  c o u r t e  durQe menQes a n t 6 r i e u r e m e n t  dans l e  sud-est  du Nouveau-Brunswick. a v a i e q t  q o n t r P  qirc 
l e s  p r 6 c x p i t a t i o n s  B t a i e n t  a c i d e s  (moyenne gQomi5trique du pH 3,84 en 1977 e t  4 ,61  en 1975).  P e u  de si,hsta-cjces 
i n o r g a i l i q u e s  ,iva:ent Bt6 mrse en "evidence dans  i e s  p r 6 c l p i t a t r o n s .  Au c o u r s  de l a  ~ r i s e n t e  i t tude ,  rrer3Gc de 
j u i n  3 o c t o b r e  1978 e t  d e  j u i l l e t  1979 a' j u i l l e t  1980, d e s  B c l l a n t i l l o n s  o n t  Q t 6  p r 6 l e v . e ~  at! c o u r s  de c\i?qiie 
p r 6 c i p i t a t C o n  ( 1 2 3  a u  t o t a l ) .  En p l r s  dil  pli e t  du voliime, on a d6termrinE l a  c n n d u c t i v i t C  e t  l e s  c o n c e * ~ t r a -  
t i o n s  d e  Ga,  Mg, Ka, K ,  C l ,  S o b ,  N O 2  + NQ3, P t o t a l ,  W 4 ,  Cu, Zn, PA, P b ,  Mn e t  Pe cie j n i n  2 octabre  1978, 

L o r s  d e s  P t ~ l d e s  d c  1978 e t  de 1979-1980, l a  moyenne giiomQtriqiie du pH se c h i f f r a i t  2 4 , 4 i  e t  1 , 2 1  
r e s p e c t i v e m e n t .  Le pH d e s  123 6 c h a n t i l l a n s  prQlevPs  en t r t l  1978 e t  198:) s e  r g p a r t x s s a l t  c o m e  s u i t :  ?07 d e s  
b c l i a n c r l l o n s  ava-en t  un pP e n t r e  3 e t  4 ,  4 3 h n t r e  4 e t  4 , 5 ,  22% e n t r e  b , i  e t  5 e t  9-1. e n t r e  5 r t  6, urne 5euL-l 
v a l e u r  d s p a s s a n t  5 ,6 .  Les v a l e u r s  d e  I 'airtomne e t  de l ' h i v e r  t e n a i e n r  5 & t r e  s n p i i r i e u r e s  B ce1l.a dti prl , l temps 
e t  de  llSbcE, Les c o n c e n t r a t i o n s  d e s  p t i n c i p a i m  iwns P t a i e n t  f a i b l e s ,  .% l ' e x c e p t i o n  de c r l l e  d e s  Lon+ "t14, 
q u l  s e  c h i f f r a r i  3 22,h mg/L d a n s  un "echant i l lon*  Les c o r ? c e n r r a t i o n s  de Cu, ZP, G-i, P b ,  Xn e t  Fe v a r i a i e n t  
r e i p e c t i v e r n e n t  r n t r e  0 , 3  e t  51; 5 , s  e t  87 ,6 ;  0,1 e t  3 ,59 ;  O,! e t  62 ,5 ;  0,3 e t  1 2 , 7 ;  c t  1 , 4  e t  143 mgI2. En 
cx, iminant  l ' o r i g i n e  e t  l a  t r a j e c t o i r e  d e s  p a r t r c u l e s  a t x o s p h i t r i q u e s  l o r s  de chaque p r Q c i p i t a t i o n  de 1978, on a 
O t z a l i  une corrG;at ioi i  e n t r e  l a  d i r e c t i o n  de l a  t r a j e c t o i r e  e t  l ' a c i d i t 6  de l a  p r & c i p i t a t i o n .  Les v a l e t i r s  
~ l u s  f a i b l e s  d e  pH o n t  6 t i  r a t t a c h 6 e s  aux p r g c i p i t a t i o n s  venant  du sud par l e  sud-ouest .  Les c o r r B l a t i o n s  
e1> t r e  i e s  c a r a c r B r i s t ~ q u e s  d e s  p r Q c i p i t a t i o n s  sons  exarninQes. 

ti=s d o n n i e s  pour j u i l l e t - a o f t  d e  1975 a' 1980 n ' i n d i a u e n t  aucune Lendance m a r  I e s  v a i e u r s  dil pi!, ' routes 
les  donn6es  ;)our j u i ?  1 9 7 8 - j u i l l e t  1980 f o n t  " e a t  d ' u n e  d in i iv~ut ion  a n n u e l l e  cie 0,18 u n i t &  de pH, marq l e  
c o e f f i c i e n t  d c  c o r r 6 l a t i o n  e s t  seu lement  de 0,250. 



RESIILTS AhD DISCUSS LON 

-. ibis r e p o r r  is oiie of a  c o n t i n u i n g  s e r i e s  of  
p u b l i s h e d  and unpubl i shed  r e p o r t s  t h a t  c h a r a c t e r i z e  
ehe  a c i d  p r e c i p i t a r i o n  problem i n  s o u t h e r n  New 
B r u n s i ~ i c k  ( 'Table I), Yost oE ";he d a t a  a r e  f o r  t h e  
S t .  Andrews l .oca t ion ;  but  some d a t a  a r e  a v a i l a b l e  
f o r  :lie s u r r o u n d i n g  a r e a  ( Z i t k o  and Carson ,  unpubl ,  
d s t a ) .  ?lie rcajor emphasis  of  t h e  che-n-ical a n a l y s e s  
was p l a c e d  oc t h e  1978 samples  ( T a b l e  2 ) .  The Loca- 
rionr of p r e c i ? t t a t i o n  m o n i t o r i n g  s r a t i - o n s  i n  New 
Rrunswick an@ :<ova Sc0ti .a  a r e  i n d i c a t e d  i n  F i g .  1. 

P r e r i p i  i s i r o n  s:irnpl.cs were co l  L e i ~ t e d  a!;d 
a n a l y z e d  by t is ing :I>:, ~ i r o c c d u r e s  d e s c r i b e d  pre- 
v i o u s l y  ( S e r g e a n t  and Z i t k o  19781, Between Jilne and 
October  1978, 24 r a i n w a t e r  sainples were c o i l e c  f e d .  
Between 511ly 1479 and . Ju ly  1980, 99 samples ,  some o f  
which were snow, s l e e t ,  and f r e e z i n g  r a i n ,  were 
t a k e n .  T a b l e s  3  and 4 g i v e  t h e  e x a c t  d a r e s  of 
s a m p l i n g  and t h e  d a t a  o b t a i n e d  f o r  e a c h  sample. 

For  t h e  1378 s a m p l e s ,  a  20-oiL a l i q u o t  .was 
t r a n s f e r r e d  t o  a  250-nL p o l y e t h y l e n e  b o t t l e  { n i t r i c  
a c i d  washed),  a c i d i f i e d  w i t h  2-3 d r o p s  of  A r i s r a r  
n i t r i c  a c i d ,  and s t o r e d  i n  a  f r e e z e r  a t  -20°C u n t i l  
a n a l y z e d  f o r  i:eavy met l i l s .  

A second a l i q i i o r  was withdrawn and pH and t h e  
s p e c i f i c  coiiducLaiice were de te rmined .  The s p e c i f l c  
c o n d u c t a n c e  a p p a r a t u s  was a  modi f ied  v e r s i o n  of t h a t  
d e s c r i b e d  by k r t e n s h a w  1 1 9 7 7 j -  

The reriiaindcr of  t h e  sample,  i f  a n y ,  was 
r e f r i g e r a t e d  a t  4OC. When f i v e  o r  s i x  samples had 
a c c u m u l a t e d ,  :hey were s e n t  t o  t h e  Water Q u a l i t y  
S r a : i c h L a b o r a t o r y  i:i Moncton, ,l;,E,, f o r  de te rmina-  
c i o n  of  pH, c o n d u c t i v i t y ,  and major c a t i o n s  and 
an* - ~ v n s  

A Perkii l  Elmer 103 eqiiipped w i t h  an HGA 2100 
G r a p h i t e  Furnace  was used i n  tile d e t e r m i n a t i o n  of 
rlie heavy m e t a l s  i n  ttie 1978 r a i n w a t e r  s a a p i e s .  
Pyro- and g r a p h i t e  t u b e s  were used ,  depending  on t h e  
m e t a l  b e i n g  d e t e r m i n e d ,  A p p r o p r i a t e  s t a n d a r d s  i n  
a c i d  medium were used f o r  c o n s t r u c t i o n  of  t h e  
c a l i b r a t i o n  graphs. ,  .Ad? NBS water  s t a n d a r d  was 
a n a l y z e d  a l o n g  w i t h  t h e  samples a s  a check on t h e  
a n a l y s i s  c o n d i t i o n s  and v a l i d i t y  of  t h e  r e s u l t s .  
Samples were ana lyzed  f o r  C u ,  Zn, Cd, Pb ,  &I, and 
7e. For t h e  most p a r t  a  213-L was s u f f i c i e n t t o  
o b t a i n  a  g r a p h i t e  furnace-A-A, r e s p o n s e .  Acid- 
washed ,  d i s p o s a b l e  p i p e t t e  t i p s  were used f o r  a l l  
i n j e c t i o n s  (Eppendorf  P i p e t t e ) ,  The g r a p h i t e  
f u r n a c e  o p e r a t i n g  c o n d i t i o r r s  a r e  g i v e n  i n  T a b l e  5 ,  
a n a l y s e s  o f  t h e  NBS s t a n d a r d  i n  T a b l e  6, 

I o n i c  ha1anc.e c a l c i i l a t i o r s  performed by t h e  
Water Q u a l i t y  Branch i.n Moncton t o  v a l i d a t e  a n a l y s e s  
.7 ~ ~ c d i c s t e i ;  - t h a t  t h e r e  were no a n a i y r i c a i  p robiens .  

Some o f  t h e  s m a l l e r  samples  could  n o t  be v a l i d a t e d  
because  o f  Lack o f  m a t e r i a l ,  

pH d a t a  f o r  1978-80 i n d i c a t e  a d e c r e a s i n g  t r e n d  
w i t h  a  s l o p e  of 0-18 u n i t s  per year  ( F i g .  2) and a  
c o r r e l a t i o n  c o e f f i c i e n t  of -0.250. m e  trer~tf  is 
s t a t i s t i c a l l y  signi .Eican"iecause of  the  l a r g e  m m -  
ber of samples ,  but t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  
q u i t e  low. Time e x p l a i n s  o n l y  about  25Z o f  t h e  
o v e r a l l  v a r i a n c e  and it a p p e a r s  t h a t  tk,e d a t a  do i m r  
a l l o w  t r e n d  p r o j e c t i o n s *  At t h e  same t ime,  pH o f  
p r e c i p i t a t i i o n  i n  July-August i n  rhe y e a r s  1976-80 
i n d i c a t e s  no t r e n d  ( T a b l e  i). 

When monthly mean f l P s  of Sc.  Andreus p r e c i p i -  
t a t i o n  were compared (Table  7 )  w i t h  noilthiji p h a f  
cnmpos i te  p r e c i p i t a t i o n  saixples f o r  S a i n t  .?oh%> aiid 
Acadin F o r e s t r y  Fxper imenta l  S t a t i o i i  (Acari  i.; TES),  
n e a r  Y r e d e r l c  toi l ,  borne d i f f e r e n c e s  were i i b s c c v ~ ~ l ,  
S t .  ki~drews n~ont l i ly  pil va1i:e.s agreed  c l o s e l y  witti 
t h n s e  observed  f o r  S a t n r  .Joi>r! over  tile Az~giist- 
November 1979 and Yay-June 1580 p e r i o d s .  i n  between 
t h e s e  (December 1979-April i9801, S a h t  Jo?m 
e x p e r i e n c e d  e l e v a t e d  pi! r e l a t i v e  to  ba th  S t ,  ~krtdrews 
and Acadia TES, Tnese December 1979-j.prii i 980 d a t a  
f o r  S a i n t  John do n o t  r e p r e s e n t  the  t r u e  p i c t u r e  of 
t h e  p r e c i p i t a t i o n  r e c e i v e d  i n  t h i s  a r e a  of e a s t e r n  
Canada over  i l l i s  t ime  p r i o d ,  

Some pH v a l u e s  of r a i n w a t e r  r e p o r t e d  in  t h e  
l i t e r a t u r e  a r e  shown i n  T a b l e  8 f o r  coml>arison w i t h  
our d a t a ,  The pH% f o r  S r ,  Andrews a r e  v e r y  s i m i l a r  
t o  those  measured i n  o t h e r  a r e a s  -where the  aclld 
p r e c i p i t a t i o n  problem is c u r r e n t l y  being s t u d i e d ,  
i n  p a r r i c u l a r ,  o u r  r a n g e  of pH i s  v e r y  sirni l i i r  to 
t h a t  r e p o r t e d  by C o g b i l l  and L i k e n s  ( 1 9 7 4 )  and c l o s e  
t o  those  r e p o r t e d  by h l a u f  e t  a l ,  (19763 f o r  S a i n c  
John ,  ";he v a l u e  f o r  Whitehorse (Yukon T e r r i t o r y )  i s  
shown as an example of a  t r u l y  remote s3mpling 
l o c a t i o n ,  It g i v e s  background measurements f o r  a n  
a r e a  of  "clean" '  ran-ac id  p r e c i p i t a t i o n .  

E ighr  e p i s o d e s  ( two or  t h r e e  c o n s e c u t i v e  pre- 
c i p i t a t i o n  e v e n t s ?  of e x t r e m e l y  a c i d i c  prcc i p i t a t i o n  
(pH 4 4 - 0 1  were observed  d u r i n g  the  .July 1979-July 
1980 s t u d y  p e r i o d .  These a r e  shown i n  Tabic  4, 
Only one e p i s o d e  was absersved d u r i n g  the I 4 7 8  s t u d y  
p e r i o d  ( T a h l e  3,  samples R8, R 9 ,  K l O ) ,  

C o n d u c t i v i t y  v e r s u s  t ime  ( F i g .  3 )  shows con- 
s i d e r a b l e  f l u c t u a t i o n s  i n  t h e  t ime  p r i o d  when 
sample XR was o b t a i n e d .  'me mean c o n d u c t i v i t y  f o r  
t h e  1978 samples  is  v e r y  s i m i l a r  Lo t h a t  ~ b s c r v e d  by 
Grana t  (1978)  f o r  the  w r i o d  1973-75 i n  Sweden and 
a l s o  comparable to  t h e  1977-78 v a l u e s  f o r  C h a r l o  and 
S a i n t  J o h n ,  ";:,Be (Tablie Y > ,  The h i g h e s t  conduc- 
t i v i t y  was measured i n  m a p l e  R8 (Table  3 1 ,  Ele- 
v a t e d  l e v e l s  of  heavy a e t a l s ,  n a j a r  i o n s ,  and a  low 
pli ( 1 . e -  h i g h  c o n c e n t r a t i o n  of  hydrogen i o n s )  were 
observed  f o r  t h i s  sample.  

The volume of p r e c i p i t a t i o n  i s  n e g a t i v e l y  
c - o r r e l a t e d  w i t h  c o n d u c t i v i t y  !Fig. 41, :i s i m i l a r  
d i l u t i o n  e f f e c t  i s  observed f o r  SGq (Tig, i), 
NCIx ( F i g ,  f:j and h-4 ( P i g .  7 1 ,  Ct i  ( F i g .  B), %n (!:i;:, 
?), Pb ( F i g .  101, Mn ( F i g .  ? I ) ,  Fc ( F i g '  I?! and Cd 
(F j .g*  13). 



The o b s e r v e d  c o n c e c t r a c i o n s  of  NHq a r e  i n  
a g r e e m e n t  w i t h  C r n n a c ' s  ( ; 9 7 2 )  Swedish  d a t a  f o r  t h e  
nori-hem s t a ~ i o n ~  bu t  :tot w i t h  h i s  1978 S  j i isngen,  
Sweden,  d a t a ,  wfrich a r e  f i v e  t i m e s  hi.gher ( T a b l e  
?i)), Tile S t .  Andr::ws and 'iashwaak w a t e r s h e d  
( a p p r o x ,  I60 kn  from h e r e )  d a t a  a r e  a l s o  s i m i l a r ,  
However ,  N;i4 c o i l c e n t r a t i o n s  a t  S t ,  Rndrclws a r c  
Lower Lliar: at two o t h e r  New Brur~swick  L o c a t i o n s  
( S n i n r  John  ;ind C: ia r io ) .  

NITRATE AM3 Ni. 'TRiTI1 (Xi),) 

A s  wi t l .  %Xi, S L ,  Andrews d a t a  a r e  i n  good 
a g r e e m e n t  w i t h  o r h e r  N.B. and N.S, l o c a t i o n s  a s  w e l l  
as  wit : !  t h e  r e a o t e  l o c a t i o i :  i.n Whi tehorse  ( T a b l e  
li), h u t  a r e  lower t h a n  t h o s e  f o r  more i n d u s -  
t r i a l i z e d  a r e & ,  e .g .  G r e a t  t a k e s ,  H o l l a n d ,  Sweden, 
a n d  Sew York-New Hampshi re -Tennessee .  

TOTAL PHOSPHORLS ( P )  

iialtiei; f o r  t o t a l  P a r e  low a i d  ve ry  s i ~ n i l a r  LO 

riio$,e foiind for Reki rnk i~ j i l i  (Anon. 197%- Kxcept  f o r  
tiit. low end  o f  rlie r a n g e  ( T a b l e  1 2 )  and iilu low end 
o f  :lie r a n g e  of  t h e  Masilwaak v a l u e s ,  a l l  o t i i e r  
v a l u e s  were  h i g h e r  (10-100 t i n e s )  t h a n  t h e  S t .  
4 n d r ~ ~ s  mean v a l u e .  

CALCIUM (Ca! 

The St. Andrews r a n g e  and mean v a l u e s  a r e  low 
a n d  s imi  l n r  t o  t h o s e  found f o r  Hubbard Brook ,  
K e j i m k u j i i c ,  and  t h e  c o a s t a l  r u r a l  a r e a s  ( T a b l e  13). 
m, i n e  v a l u e s  f o r  S r .  Andrews a r e  approx i i j i a te ly  f i v e  
t i m e s  lower  tiinn t h o s e  r e c o r d e d  f o r  t h e  N.Y.-N.H.- 
Tenn.  a r e a  ( C o g b i l l  arid L i k e n s  1574) and t h o s e  of 
t h e  European  ne twork  s t a i i n i ~ s  (i;r;lnir? 1972).  Valrtes 
f o r  o u r  l o c a t i o r l  were 30-50 rime-s lower t h a n  t h o s e  
i n  t h e  lower  G r e a t  t a k v s  r e g i o n  (Kirntz 1978;  Shiomi 
a n d  Kziitiz 1 9 7 3 )  a n d  f o r  t h e  c o n t i n e n t a l  u rban  
s c e i ~ ~ r i o  (Wolaver  19721 .  

T h e  I*Lg d a t a  i n  T a b l e  i 4  i n d i c a t e  t h a t  t h e  
g e o a l e r r i c  mean i s  n o t  s i g n i f i c a i l t l y  d i f f e r e n t  from 
t i l e  Eilropezin ne twork  v a l t i e s  ( G r a n a t  1972).  It i s ,  
however ,  c o n s i d e r a b l y  above  t h e  i s o l a t e d  W h i t e h o r s e  
v a l u e  and t h e  I iuhbard Brook v a l u e .  

A:; was i l le  c a s e  witii  o t h e r  p a r a m e t e r s ,  t h e  Hg 
e o n c e n t r a t i o i ~ s  i n  s a m p l e s  R8 and R9 a r e  e l e v a t e d .  
Valr ies  n s  i i igh a s  t h e s e ,  9 and 7  mg/L, were n o t  
r e p o r t e d  i n  any  o f  t h e  l i t e r a t u r e  examined.  

St. Andrews 1978 v a l u e s  compare b e s t  w i t h  
W o l a v e r ' s  ( 1 9 7 2 )  v a l u e s  f o r  t h e  c o a s t a l  r u r a l  and 
c o n t i n e n t a l  r u r a l  s c e n a r i o s  ( T a b l e  1 5 ) .  At t h e  same 
t imc,  t h e y  a r e  more t h a n  an o r d e r  of  magni t u d e  lower 
c h a n  t h e  S a b l e  I s l a n d ,  K.S. v a l u e s ,  b u t  S a b l e  I s l a n d  
r e c e i v e s  a  g r e a t  d e a l  of  s e a  s p r a y ,  c o n t r i b u t i n g  Na 
t o  t h e  s a m p l e s .  

S t .  Ai:drrwb vdi iucs  wi . r* .  s1i:ni l , ~ r  i . 1  Lliost: for 
C h a r i o  and  S a i n t  .John, bu t  di iuble  Chosr o f  
K e j i n k u j i k  ( T a b l e  I S ) ,  A s  u i t t i  Ka, t l i i s  coiild 
i n d i c a t e  p o l l u t i o n  from i n d u s t r i a l  s o u r c e s  o r  from 
s e a  sal.t ,  FTig!rer v a l u e s  a r e  r e p o r t e d  € o r  t h e  more 

he , I ,  -,: ~y - ind i i s r  r i a l i z e d  o r  p o p u l a t e d  r e g i o n s  - 
Germany, G r e a t  t a k e s ,  and C a l i f o r n i a .  

CL v a l u e s  a r e  c o n p a r a b l e  t o  G r e a t  L a k e s ,  o t h e r  
Canadiar .  N a r i t i m e  l o c a t i o n s  ( e x c l u d i n g  S a b l e  
I s l a n d ) ,  and Yonkers ,  K*U. ( ' f a b l e  1 7 ) .  

SULFATE ( S O 4  ) 

No c o r r e c t i o n  f o r  s e a  s a l t  c o n t r i b u t i o n  t o  o u r  
d a t a  i n  T a b l e  3 was made, C a l e i i l a t i o n s  performed on 
some of  rhe 1978 samples  i n d i c a t e d  t h a t  t l i r  
d i f f e r e n c e s  were n o t  s i g n i f i c a n t  . 

Mean v a l u e  f o r  SO4 a r  S t .  Andrews ( T a b l e  
18) a g r e e s  b e s t  w i t h  Wolaver ' s  ( 1 9 7 2 )  c o n t i n e n t a l  
r u r a l  d a t a ,  w i t h  t h e  Nubbard Brook d a t a  of L i k e n s  
( 1 9 7 3 )  and t h e  I;,Y.-W.H.-Tenn. d a t a  of  C o g b i l l  and 
L i k e n s  (!974),  Based on t h e s e  SO4 d a t a  and t h e  
pH d a t a  compar i son  of  T a b l e  8 ,  it  a p p e a r s  t h a t  S t .  
Andrews r e c e i v e s  p r e c i p i t a t i o n  of  t h e  same a c i d i t y  
a s  t h e  n o r t i i e a s t e r i i  U n i t e d  S t a t e s .  

'The r a r e  o f  SOi, deposit in!^ a t  o u r  Lo i ' a t i : ?~~  
For elie 1978 s t u d y  p e r i o d  was found t o  be 1 7 2 7 . 8  
g/ha!mo o r  2,1 g!m2/yr, R i i s  was compared t o  
d e p o s i t i o n  r a t e s  f o r  o t h e r  l a c a c i o n s  ( T a b l e  19) .  
The d e p o s i t i o n  r a t e  a t  S t .  iindrews t e n d s  toward tile 
l o w e r  end of  v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e .  
When e x a r e s s e d  a s  S  ( s u l f u r )  d e p o s i t i o n ,  we found 
0.7 g /m2/yr  which was 21X o f  t h e  d e p o s i r i o n  of S  
found  a t  t h i s  l o c a t i o n  i n  i97 i -76  ( Z i t k o  and C a r s o n ,  
u n p u b l ,  ) . 

Examirlat ion o f  T a b l e  20 i n d i c a t e s  thar  S t .  
Andrews v a l u e s  a g r e e  best w i t h  S c h l e s i n g e r  P C  a l . ' s  
( 1 9 7 4 )  d a t a  f o r  Yiontane, N , + i . ,  and S t r u e m p l e r ' s  
( 1 9 7 6 )  d a t a  f a r  Chadron,  Nebraska - b o t h  v a l u e s  a r e  
low. R e l a t i v e  t o  S a i n t  J o h n ,  and t h e  o t h e r  New 
Brunswick and Nova S c o t i a  l o c a t i o n s ,  t h e  v a l u e s  a t  
S t ,  .Andrevs a r e  n o t i c e a b l y  lower.  The mean v a l u e  
found  was s i g n i f i c a n t l y  lower t h a n  t h e  mean o b s e r v e d  
p r e v i o u s l y  by Z i t k o  and Carson  junpt lbl .  ) a t  t h i s  
l o c a t  i o n .  

LEAD ( P b )  

The ae'tn v a l u e  f o r  S t .  Andreus 1 s  of t h e  same 
o r o e r  of magni tude  'as tile s n n p l e s  f o r  o t h e r  Yew 
R r u u s w ~ c i i  l o c a t i o n s ,  bur  a t  t h e  same t l m e  is t n r e e  
time.; tile i r ' h ~ t e h o r s e  v a l u e  ( T a b l e  2 1 ) .  The 1978 
mean was a l s o  2 .4  t i m e s  h ~ g h e r  than  t h e  Pb Loncen- 
t r a t i o n  o b s e r v e d  by Z l t k o  and Carso,: (unpubl .  j 
d u r l n g  t h e l r  1970-71 s t u d ~ e s .  T h ~ s  may be L n d r c a -  
t i v e  of an r a c r e a s e  1.3 a t m o s p h e r i c  Pb p o l l t a t s o q .  
Thxs Pb  i n 7 u t  must be due t o  long- range  Era i i spor t  
a n d  r a i n o u t .  

Urban a r e a s  r e c e i v e  much h i g h e r  ?b i n p u t s .  For  
example ,  a t  P a s e d e n a ,  C a l i f o r n i a ,  a  ? b  v a l u e  of 663 
9g/L Was r e c o r d e d  and i n  H o l l a n d  v a l u e s  f o r  d a i l y  
a n d  monthly samples  were i n  t h e  200 ,ugh. r a a g e .  Our 
one  v a l u e  o f  h2 ,5  indicates an urban o r  i n d u s t r i a l  
r n n t r i h t i t i n n  ti? ti-ic- p r e c i p i t a t i o n  and 1s s i m i l a r  t.u 
t i l e  Moi j t ;~n r ,  &,I! ,  viz1;les.. The h e s t  m,ttcl, '1s f 'ir .is 
t 1 1 ~  r;r!lgr. of S t  , kldri-ws Pb v:llire.: I.; wi th  the  

Montane,  " . ; . ! I ,  v a i i i e s  of  1971 ,  



Lr appeari-, t h a t  Ph  ik?s a g r e a t e r  tendency than 
Cd t o  be t ra i l spor ted  over a  Long range, 

S:. Aridrews da t a  a r e  s i m i l a r  to those of o the r  
Nar i t imes  l o c a t i o n s  ;md about t h r e e  t imes higher 
chan a t  Wii.tehorse (Table  ? I ) ,  S i n g l e  events  
approached the  Cu l e v e l s  found f o r  h ighly  pspula ted  
and i n d i j s t r i a l i z e d  a r e a s .  

The concen t r a t ion  of Fe a t S L  bndrews was of 
t h e  sane  r e l a t i v e  order  o f  riognitude as  t k a t  found 
f o r  Char1.o and S a i n t  John (Table  2 3 ) .  A t  the  same 
ti-nc,  che S"i Andrews v s l u e s  a r e  l e s s  t h a n  those 
observed in  Ser-nai-iy, t h e  U,K. and SB Ontar io  (inarl- 
*"i.. a.. < c .  1 i zed a r e a s )  - T;-,e 1978 ineai? Fe c o n c e n t r a ~ i o n  

was about 40% of the  value  observed dur ing 1970-71 
i n  ou r  a r e a  ( Z i t k c  and Car so~ i ,  unpubl.). 

There i s  a ~ p u c i t y  of WI da t a  i n  the 
l i t e r a t u r e ,  S t ,  An:"irews l e v e l s  (Table  2 4 )  a r e  
c o - n p a r a b l ~  to Cali.Eornla va lues ,  hut nowhere near 
ehc e;i?vated valves  observed fo r  U,S., German, and 
U.X. l o c a t i o n s ,  

Due to a n a l y t i c a l  d i f f i c u l t i e s ,  Zn values  in 
Tab le  25 may be overes t imated abour 70X- i4e do not 
r o . ~ t t n e l y  analyze  f o r  %n a t  the , u g h  ?.eve1 In our 
l a b o r a t o r y ,  

The c o i ~ c e n r r a t i o n s  a r e  of t he  same order  
r eno r red  previous ly  by Zi tko  and Carson ( u n ~ u b i ,  
d a t a )  f o r  the  S t .  -4ndrews a r e a  in 1970-71, higher 
than a t  o t h e r  Canadian Maritime l o c a t i o n s  and a t  
Whi tehorse ,  Stit sorneul?at lowar than repor ted  fo r  32 
U-S,  Locat ions  (Lazariis e: ,+I. 1970) and s i ~ n i f i -  
c-?*~t:y i?wer ihai? the  value:s  repor ted  f o r  i i o l i a ~ ~ d  
and t i l e  i : . K *  

HEAVY METALS SIPIXARY 

l i l  p r e c i p i t a t i o n  a t  S t ,  indrews, tile concentra- 
t i o n s  of Cd and 'tn are Low an6 those of Pb ,  Cu, Fe, 
and Zn a r e  moderate, Tile order  of heavy metal  
de?i i s ' i t ion  was Zn > f e  > Pb > Cu > bin -lil Cd dur ing 
rtir 1978 monitoring per iod.  Deposi t ion  r a t e s  f o r  
S t ,  r i ldrens were compared to  one remote and two 
i n d u s t r i a l i z e d  a r e a s  (Table  2 6 ) .  Despite s l i g h t  
d i f f c r e i i c e s  t ke  St, Aildraws values  a r e  comparable 
w i t h  Q ~ a d r o n ,  Nebraska va lues  r e p r e s e n t a t i v e  of a  
remote loc;nttoiz, ' i t ,  k ~ d r e w s  values  were muc"iower 
f o r  most heavy metinls cnm;mred to ioc i i t ions  itear 
steelwork?; rind basah in:>tai smol t e r s .  

METEOROLOGY OF 1978 Rh1N"riATEil §AI-lP7,2NG EVSN'l'S 

To r e l a t e  the cl~ernicial composit ion of the 
r a i n w a t e r  to  the  a r e a  t r ave r sed  by the  storm, i t  was 
neces sa ry  t o  have a i r  pa rce l  t r a j e c t o r i e s  c a l c u l a t e d  
f o r  2-3 d p r i o r  tc;  the p r e c i p i t a t i o n  event .  Tne 
calculations a r e  s u b j e t  t to so:ae u n c e r t a i i ~ t i e s  and 
e r r o r s  (Smith and Hunt 1978; Pack e t  a",, 1978; 
A , G , J ,  0 7 N e i l ?  j pe r s ,  ccr?nm,), i r z  t h i s  s tudy ,  the  
t r a j e c t o r i e s  were com?:lt.ed Crur. the gcas t rophic  
winds c t  t he  850 nb ( m i l l i b a r )  l e v e l ,  wh2ch a r e  
t :?~emselves  e s t ima ted  f ron  the app ropr i a t e  
Environiaent Canada, Atranspheric Environment Se rv i ce ,  
upper atmosphere ana lyses .  n e s e  a i r  -p.rcel 

t r a j e c t o r i e s  a r e  shown 111 Apgeildices 1-5 f o r  the  
montlrs June through October ? 978, 

Poi  pH 4,2-4 .5  jTab:.e 3) oce cannot i d e n t i f y  
t h e  spproacii d l r ec t io i l  of the  storm, in prepariizg 
t h e  pH-direction co r r e l a t5nn  c h a r t  it m a  asstimed 
t h a t  a  value i n  this range was a p s i t i v e  
c o r r e i a r i o o .  F3r scorln f r o n t s  epproashiflg fro= the 
sou th  s r  west the hyparhes is  i s  t h a t  t h e r e  shoil1.d I-= 
a  p o s i t i ~ ~ e  c n r r a i a t i o n  between d i r e c t i o n  and low pi1 
v a l u e s  ( p H  < k . 5 ) -  A s i m i l a r  p s i t i v e  coz-relati.on 
should ccciir f o r  storms npproac i~ i r~g  f roo  tire 
;iorthwesir t'l.rough e a s t e r n  qaad ran t s ,  but t h i s  shouid 
be a  p o s i t i v e  c o r r e l a t i o n  JLtIl h igher  pH val i ies  jpi4 
> 4-21, 

_L itie da ta  appear to  sup~>or: this hyp~ t l i i a s i s ,  

Sixty-nine percent of the values  from t i e  south 
through west quadrant c o r r e l a t e  with eveil ts  o f  low 
pH and 9 i X  of the va lues  from the :iortFzwesr to  e a s t  
s e c t o r  c o r r e l a t e  wirh higher pH read ings  (pH > 4 - 2 1 ,  
i n  rhe case of the  non-corre la t ing  va lues  i n  the 
soilth t o  west cjuadrant, four of the storsis passed up 
t h e  no r theas t  coas t  of the i inlted S t a t e s  arld a i l  'had 
i l n c h a r a c t e r i s t i c a l l y  h igh pH. % i s  could have k e n  
a  f r e a k  occurre:'ce o r  could Iuve been an "ii ldicatinn 
of a seasonal  e f f e c t  - co lde r  f a l l  a i r ,  slower 
moving f r o n t ,  g r e a r e r  ra innut  of p o l l u t a n t s  over the 
n o r t h e a s t e r n  l inited S t a t e s  p r i o r  to the storm 
t r a v e r s i n g  our sampling iocat io i l  (F ig ,  14 3 

From our da ta  we can t i le refore  s a f e l y  aesular 
t h a t s t o r m s  approaching from the qoadrailt south . . through west w i l l  bring -.ore acidis: prec ;,>I t ~ t i o n  
eve:i ts  tkma those approaching front the .~or t? lwest  
through e r s r  quadrants .  A t  chi? same t ime,  a l l  s t o r a  
f r o n t s  approaching from the w e s t t o  asrci-$west ( 4 5 ' )  
s e c t o r  should a l s o  b r i n g  ac id i c  p r e c i p i t a t i o n  a s  
t hey  must pass through Sudbury o r  i n d u s t r i a i i z e d  
southern  On ta r io ,  

For the storms approachir-ig from\ the i ~ r r h w s t  
t  i i roug?~ e a s t  quadrants  t h e  pH ilever npproac i:ed 
5.6-"1,7 (equi  i i? ) r ium w i t h  et.rri:splirric C O l i : ! .  111 
s p i t e  O F  i i l i i t e d  i nd i i s t r i a l  a c t i v i t y  i n  t i l e :  lire-$ 
t r ave r sed  hy the  approaching storm front. ; ,  nP ualt ies 
4 -  2 2 ,  4,51, and 4 -60 were observed, S u l f i ~ r  c o n t r i -  
bu t ions  from t i d a l  f i a t s  jGre:y and .lensen 1972) 
caiinot be r d e d  out a t  t h i s  t i n e .  It i s  e l s o  
poss ib l e  that a  'kcoilsrant concen t r a t ion"  of p l i r i -  

t a n t  laden p r t i c u L a t e  mat ter  is present  over most 
of North h e r i c a  and X u r n p ,  

Photochemieai proc.esses t-Fiat occiir o v e r  t i l e  
f o r e s t  canopy, r e s u l t i n g  i?-t formation of Ht;Oj 
(Botteaheim and S t r ausz  i % O ) ,  mcs ' .  cons idered  ni; 
we?lm A s i m i l a r  d i r e c t i o n a l  corre1n:ion wls  observed 
f o r  S04, Pb, Fe, Cu, Zn, Xn, a:ld C d ,  Vo rorre;af:ioxz 
was found for i?or;ductivlty,  

CORRBL,II" T O N  AKALU SES Oi' 'PrK jlr\ IXWATiSR 1NT4 

The data  of Table 3 were reduced t.i c l i r . i i ra te  
those  u t t h n l i s i n g  parameters ,  Ln tile case of  pi{, 
SOqr Z"i, hVX, (h?, Xa, K, and ';iiih, only  9 of 
t h e  24 samples renained,  For $3, condtrc t iv i iy  ( S c ,  
Andrewsj and metal concen t r a t ions ,  the numhei of 
samples (ill was rediiced from on1 y 2'4 to 20. 'The, 
res8ilp.; ilf co r r e l a t i . ->n  :?:ln2ys!?: or:. I:r(-:;L,n:<-<i i -1  

'Mb?e 2 7 ,  

As expet, t r d ,  SOL; was tile s < : ~ g l ~  nos: in-pnrt:inr 
var iabLe a f f e c t i n g  pH of  p r e c i p i t a t i o n ,  The 
iiicl.rrsioi? of a d d i t i o n a l  ion:; f u r t h e r  improved the 



correlation, S e v e r a l  of t h e  b e s t  a i i l t i p l e  r e g r e s -  
s i o n s  are g i v e n  b e 1 . o ~  ( c o n c e n t r a t i o n s  a r e  i n  mg/Ll ,  
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'Taole 1. Geometric mean pH r e c o r d e d  a t  S t .  h d r e w s  and v i c i n i t y ,  1975-80. 

Geometr i c  mean 
S tudy  p e r i o d  Pw Reference  

May-friar, 1975-76 
July-Aug. 1976 
Joly-Aug . 197 7 
June-Oct.  1978 
J d y - A u g  . 197 8 
J a l y J u i y  1979-80 
J d y - A u g .  1979 
June-0c t .  1979 
F a l l  1979 
Wlnter  1979-80 
S p r l n g  1980 
Summer i 97 9-80 

Z i t k o  & Carson ,  unpubl.  
S e r g e a n t  & Z i t k o  (1978) 

T h i s  s t u d y  

Table 2. C o n c e n t r a t i o n  r a n g e s  of  i o n s  I n  p r e c l p i t a t l o n  recorded  a t  S t .  
Andrews , June-Oc t o b e r  1978. 

Range 
(%!la) 

C 0 

a 
K 
Na 
C1 
SO4 

T o t a l  P 



Table 3. 1978 rainwater data. 

Parameter measureda R1 R2 R3 R4 R5 R6 

-- 

Day no. 
d 174 179 180 152 335 192 

Vblwte prec;p~tatron (mL) 136 215 110 1030 255 510 
~ 8 1 - S L .  hdrews ( o h  unlts) 3.88 4.29 4.51 4,92 4.94 3.97 
tii-!<one ton IJ,Q,B, (;iti units) 3.90 4.10 4.50 4.80 4.80 3.90 
Conabct,vitj-\:oneton jpSIE/cm) 67 .0 39.0 32.0 9.7 16-0 67 -0 
Condiictrv~ty-St . kncirews (pSI~/cm) 55.6 32.1 31.1 11.6 15.0 57.1 
C a  (%g/L) -- -- -- .I00 ,200 -200 
Yg ! mg/L 1 -- -- -- <. 100 .I00 <.I00 
L (ng/L) .I00 .I00 -- <.I00 <*I00 . loo 
"ia (mg/L) .700 .400 -- .500 1,300 .6OO 
Ci (ng/L) .700 -400 3. "10 .800 2.500 -900 
SO4 (mg/~> 6.20 - -- 1-00 1.00 6.20 
Total P (mgll,)" -- -01 5 -- ,009 .OD6 .no4 
\03 T NO7 (NOX) (mg/t) -- -- -- .I00 -- -650 
N H 4  (mg/lL) -- -- -- -01 0 - .5QO 
CU <i~g/i) 32.0 I3,O 41,1 51.1 3.1 I1 .0 
Z n  (pg/t) 87.6 59.3 55,7 31.5 23.4 36 -8 
Cd .30 .24 .38 .I1 .03 '33 
Pb jpg/L) 21.8 14.0 7.4 1.0 3.2 26.9 
Va hglL) 3.80 5.60 4.90 1.60 1.80 5.50 
ue ( , u g h )  32.5 34.1 30.3 109.0 8.0 71 .0 
~3 prer~pltation 2 , 3  4.3 1.5 .0 5-6 8.9 

- - -- -- - 

R 7 KB R9 R13 R11 R12 
-- -- 

Day need 199 205 209 214 21 7 239 
Volume 2recip"iation f mL) 170 2 90 205 43 370 55 
pH-St . kindrews (pH units) 4.43 3.57 3.84 3.50 4.05 5.24 
3Ei-Moi1cton W.Q-3. (pH units) 4.60 3.40 3.90 -- 4.50 5.60 
Conduc tivity-Noni ton (plSIE/cm) 23.0 190.0 -- -- 20.0 16.0 
Conductivity-St. Andrews ( p S ~ ~ / ~ r n )  14.7 200.0 71.4 142.9 2 1 - 7  18.5 
Ca (nig/L) -- -- -- -- -- .boo 
Mg jmg/L) -- 7,500 8.000 ,300 .100 .I50 
K. (ng/L) ,100 -- -- -- .ZOO - 
Na (mg/L) 1,300 -- -- -- .800 -- 
Cl (mg/L) -660 -- -- -- 1.200 2,500 
5% !mg/t) -- 22.60 6.00 13.70 2 , 00 -- 
Total P (rnq/~)' .980 ,090 .020 -- - 0 5 5  -- 
NOj + KO2 (NOx) !mg/L) -- 1.800 1.000 .010 1,400 -- 
NH4 jmg/t/ -- 2,300 .500 - .065 -- 
Cu (,ug/L) 7-3 25.5 18.0 -- 16-9 -- 
Zn (pigit> 26.7 58-6 44.9 -- 22-1 -- 
Cd kg#%) 3.59 .92 .60 - -33 - 
Po (pg/t) 7.1 62.5 32-2 -- 10.2 -- 
Mn o@,/L) 3.70 12. IU 5.00 -- 2,60 - 
Fe (/iig/L) 24.8 143.0 80.5 -- 13-5 - 
mrn precipitatron 2.8 5.1 3.3 .8 5.0 -- 
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T a b l e  3 ,  ( c o n t ' d , )  

- 

Pararnrter ineasured'" R I  3 R14 R15 Rl6  R i 7  R 1 R  

Day no. d 241 
Volome p r e c i p i t a t i o n  !mL) 438 
pH-Sr, Xndrews (P% u n i t s )  3.88 
pH-?Ciuncton IJ-Q.3. (pH u n i t s )  4.10 
Conductivi ty-Moilcton (,u~:i?/cn) 4 3 - 0  
C o n d u c t i v i t y - S t ,  Andrews ( , u S ~ ~ / c r n )  45.5 
Cn ( m g l i )  . I00 
Mg jmg!L) -130 
K (mg/Ll ,200 
Na ( m g / t )  1.200 
GI (rng/l,) 1.500 
SO4 (mg/I,) 4.40 
'rotai P (mg/LIc .OIOb 
SO3 + KO2 (NO,) (mg/t) -360 
NH4 (mg/L) -210 

b 

Cv (,tie/L 1 4 . 5  
Zn (pg /L)  18.5 
Cd jp;g/ij . 18 
P b  j i . ;g / t )  11.4 
21 iisg!Lj 2-20  
Fe (i.;g/ij 17 .3  
mm p r e c i p i t a t i o n  6.6 

Day n o * d  275 
Vol,me p r e c s p i t a t ~ o n  ( m Z )  840 
psi-St, 4xtdrews ( pI1 u n i t s )  5.28 
piia40ncton W.Q.B. (nh' u n r t s )  5.10 
C o i ~ I u c t i v f  ty-Moac t o n  (,uSI~/cm) 15.0 
C o n d u c t ~ v i t y - S t ,  Andrens ( p ~ ~ ~ / c m )  34.4 
Ca ( l i g / L )  .100 
ug ( m g / L )  ,200 
li ( m g / J > ~  -100 
Ua Im&/L)  1.600 
Cl (mg/L) 2.500 
S D 4  i n g / ~ )  1 - 3 0  
T o t a l  P \ m g / t ) c  -007 
No3 + IvO2 (hO,) (mgi1  ) -070 
Xii, (ing/L) .030 
CU ( p g / 2 )  -- 

Zn ( ~ & i t )  -- 
Cd (plg!L) -- 
P h  :pg/L) -- 

q n  (pg/L) -- 
Fe (,%/Id) -- 
a m  p r e e - p i t a t i o n  14.3 

" I n d i c a t e s  t h a t  t h e  sample volume was d e p l e t e d  b e f o r e  a n a l y s i s  could  be performed f o r  t h i s  
p a r a m e t e r .  Samples P20-24 were n o t  s e n t  t o  IWD f o r  a n a l y s i s .  

b ~ 1 3  h a s  h i g h  NO, and NH4 v a l u e s ;  r e a s o n  unknown. 

 he b o t t l e  b lank  f o r  n u t r i e n t s  showed T o t a l  P a t  0.005 mg/L as o n l y  compound g r e a t e r  
t h a n  d e t e c t i o n  l i m i t ,  

d ~ e l a t i v e  t o  December 31, 1977. 



Table  4, J u l y  1 9 7 9 - J u l y  1980 St. kldrews, N . B ,  p r e c i n i t  l t i o n  data  

Samp! ing  d a t e  
j d a y / m ~ i i t b " ~ e a r )  

Volume 
p r e c i p i t a t i o n  

Day no.a 

Volume 
p r e c i p i t a t i o n  

Day noea pH 

790 
530 
820 

90 
335 

1100 
1090 
330 

Over flow 
8 3  

340 
570 
450 

Overflow 
277 
3 98 

aver  flow 
202 

Overflow 

930 
330 
1i0 
210 

Overflow 
575 

Over flow 
68 

168 
Overflow 

242 
160 
270 
660 
115 
750 
56 7  
78 
43 
126 
788 
11 8 
42 
247 
271 
73 7 
550 
72 

210 

a ~ c l a r i v e  t o  December 31,  1977. 

b ~ 2 ~ s o d e  of extremely a c i d i c  p r e c i p i t a t i o n .  
'. 

Neckend p r e c i p i t a t i o n  c o l l e c t i o n .  



T a b l e  5. G r a p h i t e  f t l rnace a n a l y s i s  c o n d i t i o n s  f o r  d e t e r m i n a t i o n  of  heavy 
m e t a l s  in  r a i n w a t e r .  

A t o m i z a t i o n  
Drying  t e m p e r a t u r e  C h a r r i n g  temperacure  t e m p e r a t u r e  

Element OG and t ime ( s )  O C  and t ime i s )  'C and t ime ( s j  

T a b l e  6.  Q u a l i t y  c o n t r o l  d a t a  on YES S t a n d a r d  Reference  Y a t e r i a l  1643 
( T r a c e  Elements  i n  Water) which was run  wi th  p r e c i p i t a t i o n  samples .  

C o n c e n t r a t i o n  
C o n c e n t r a t i o n  ng/g de te rmined  

ng/g  NBS on NBS s t a n d a r d  

aZero  i n t e r c e p t  of  l i n e a r l y  r e g r e s s e d  Zn c u r v e  was a t  42.0 ng/g. 
S u b s t r a c t i n g  42.0 ng/g  from t h e  de te rmined  v a l u e  y i e l d s  t h e  68.0 ng/g 
v a l u e  f o r  t h e  NBS s t a n d a r d  and is proximate t o  t h e  c e r t i f i e d  v a l u e .  

T a b l e  7 ,  Comparison of  1979-80 monthly pH's  a t  S t ,  h d r e w s ,  S a i n t  J o h n ,  and 
Acadia F o r e s t r y  Exper imenta l  S t a t i o n ,  N,B.  

Composite pH Acadia 
A r i t h m e t i c  mean Composite F o r e s t r y  Experimental  

?loath pH S t .  k d r e w s  pH S a i n t  johna S t a t i o n  

August 1979 
September i 979 
October  1979 
Novenrber 197 9  
December 1979 
J a n u a r y  1980 
F e b r u a r y  1980 
!?arch 1980 
A p r i l  1980 
May 1980 
J u n e  1980 

aFrom CAKSAP d a t a  s h e e t s  
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T a b l c  8. pH c o m p a r i s o n  d a t a .  

L o c a t i o n  Date ?H R e f e r e n c e  

r l ee r5~1gownard .  Yoord H o l l a n d  !>a l ly  
Co?orado ,  1'. 5.4. 1973-78 
'Qabhard Brook.. F x p t .  " o r e s t  1963-14 
S j5dngri1, Swcdel  1973-75 
T r u r o ,  N . 5 .  Apr. 1975 
Y u b b a r l  Brook,  N.Y. 1965-66 
S a b i e  I s l a n d ,  N.S. 1975 
Hubbard Brook,  h.Y. 1970-71 
I t h a c a ,  N.Y. 1970-71 
A b r o r a ,  N.Y. 1970-71 
N o r t h e a s t e r n  U, S. - 
N.Y. M e t r o p o i r t a n  a r e a  1975-76 
Sydney ,  A u s t r a l r a  1975-76 
Sweden, S t a t i o n  2 3  P1 S@ - 
Beig lam,  S t a t i o n  526 ua -- 
F r a v r e ,  S t a t i o n  703 u?" -- 
P a s a d e n a ,  C a l i f o r n i a  1976-77 
N.Y.-N.h.-Tennessee 1972-73 
Y o n k e r s ,  N.K,  1974 
S a l n t  John, K - R .  Nov. 22/73 
S a i n t  John, N.B, J u l y  15/74 
S a ~ n t  Job?, N.B. J u l y  18-20/74 
S a b l e  I s l a n d ,  N.S. 1975-77 
H a l i f a x  C o a s t a l ,  N.S. 1972-73 
Sydney R u r a l ,  N.S. 1972-73 
S h e l b u r n e ,  h.S. 1975-78 
H a l i f a x  Urban,  N.S. 1972-73 
Sydney Urban,  N.S. 1977-71 
0 -S ,A,  Lake (La  C l o c h e  Mtns.)  1972 
O.S.A. Lake (La Cloche  Htns . )  1972-73 
U.K, (7  non-urban s i t e s )  1972-73 
S a l n t  J o h n ,  N.B. 1977-78 
L n a r i o ,  W.S, 1977-78 
Ke j l r n k u j ~ t ,  N.S. 1978 
S a b l e  Tc,~and,  K.S. 1976-78 
i v " h i t ~ h o r s e ,  Yukon 1977-78 
S t .  h d r e w s ,  Q.H. 1975-76 
S t .  Andrews, N.B. 1976 
S t .  h d r e w s ,  N. B, 1977 
hashwaak ,  N.B. 1973-76 
S t ,  Andrews, N,B. 1978 

S l a n i n a  et al. 1979 
Lewis & Gr311t 1980 
L I  k e n s  1975 
Grat lat  1973 
Shaw 1979 
F l s h e r  e t  a l .  1968 
O l s o n  e t  a l .  1976 
L i k e n s  6 Bar-ann 1974 
L i k e n s  & Bormann 1974 
L i k e n s  & Bormann 1974 
O v e r r e i n  1977 
Wolff e t  aL. 1979 
S c o t t  1978 
G r a n a t  1972 
G r a n a t  1972 
G r a r ~ a t  1972 
L ~ l j e s t r a n d  & Yorgan 1978 
C o g b i l l  & L i k e n s  1974 
J a c o b s o n  e t  d l .  1975 
Anlauf e t  a l .  1975 
Anlauf  e t  al. 1976 
Anlauf  e t  a l .  1975 
W i l t s h i r e  1979 
W i l t s h i r e  1979 
W i l t s h i r e  1979 
M r l t s h i r e  1979 
C l i l t s h i r e  1979 
W i l t s h i r e  1979 
Beamish I974 
Beamish 1974 
Cawse 1974 
Anon. 1979 
Anon. 1979 
Anon. 1979 
Anon, 1979 
Aport. 1979 
Z z t k o  h C a r s o n ,  ::npuhl. 
S e r g e a n t  & Z i t k o  1975 
S e r g e a n t  d Z i t k o  1978 
Anon. 1978 
T h i s  s t u d y  

- - - - . -- 

% a t a  from t h e  European  Atmospher ic  C h e m i s t r y  Network. 

b ~ e o m e t  r i c  mean, 



T a b l e  9.  C o n d u c t i v i t y  comparison d a t a .  

-- - 

C o n d u c t i v i t y  
L o c a t i o n  Date (,umiio o r  ,uSIE/cm) Reference  

Lake E r i e  
S j s i n g e a ,  Sweden 
SweCen, S t a t i o n  2 K i  N 
Swecen, S t a t i o n  23 P i  SW 
Belg i r ix ,  S t a t i o n  524 u 
Fraf ice ,  S t a t i o n  703 LYI 
Yonkers ,  N.Y,  
S a i n t  .John, N,B, 
S a i n t  J o h n ,  N - X ,  
S a i n c  John ,  N.B. 
S a i n t  John ,  N.B. 
C h a r l o ,  N,B. 
K e j i m k u j i k ,  K.S. 
S a b l e  I s l a n d ,  K.S. 
Iz 'hi tehorse,  Yukon 
S t .  h d r e w s ,  N.B. 

Simmer 1970-76 
1973-75 

-- 
-- 
-- 
- 

1974 
Nov. 22/73 
J u l y  15/74 
July 13-20174 
1977-78 
1977-78 
1978 
1976-78 
1977-78 
1978 

Kuntr  1978 
Grana t  1978 
Grana t  1972 
Grana t  1972 
Grana t  1972 
Grana: 1972 
Jacobson  et a l ,  1976 
Anlauf e t  a l ,  1576 
Anlauf e t  a l .  1976 
Aniatif e t  a l .  1976 
Anon, 1979 
Anon. 1979 
Anon. 1979 
Anon. 1979 
Anon, 1975 
T h i s  s t u d y  

Table 10. NH4 comparison d a t a .  

L o c a t i o n  
Cone e n t r a t i o n  - 

Date NHq b g / L )  Refer  eilc e 

Lake E r i e  
Lake O n t a r i o  Bas in  
Hol land  
C o a s r a l  R u r a l ,  W.S. 
C o a s t a l  Urban,  V,S, 
C o n t i n e n t a l  R u r a l ,  U. S. 
C o n t i n e n t a l  Urban, U.S. 
Hubbard Brook,  N.H. 
S)6Zngen, Sweden 
Pasadena ,  C a l i f o r n i a  
Sweden, S t a t i o n  2 K i  N 
Sweden, S t a t i o n  23 P1 SW 
X e l g i i m ,  S t a t i o n  526 u 
F r a l c e ,  S t a t i o n  703 L2 
N.Y,-N.H.-Tenn., U.S. 
S a i - t t  J o h n ,  N - B .  
S a i s t  J o h n ,  Y.R. 
S a i n t  J o h n ,  N.B.  
S a i n t J o h n ,  N*B. 
C h a r l o ,  N , B ,  
Ke j imkr i j lk ,  P1.S. 
S a b l e  I s l a n d ,  N-S. 
Whitehorse ,  Yukon 
Nashwaak, N.B. 
S t .  Andrews, N.B. 

Scminer 1 97 0-7 6 
1970-71 
Dai ly  

-- 
- 
-- 
- 

1964-1974 
1973-1975 
1976-1977 

-- 
- 
-- 
-- 

1972-1973 
Nov. 22/73 
J u l y  15/74 
J u l y  18-20/74 
1977-78 
1977-78 
1978 
i976-78 
1977-78 
1973-76 
1978 

Kuntz 1978 
Shiomi & Kuntz 1973 
S l a n i n a  e t  a l .  1979 
d o l a v e r  1972 
Wolaver 1972 
Woiaver 1972 
Wolaver 1972 
Likens  1375 
Grana t  1978 
i i l j e s t r a n d  & Morgan 1978 
Grana t  1972 
Grana t  1972 
Grana t  1972 
Granat  1972 
C o g b i l l  d L i k e n s  1974 
Anlauf e t  a l ,  1976 
Anlauf et  a l .  1976 
Anlauf e t  a l .  1376 
Anon, 1973 
Anon. 1973 
Anon, 1979 
Anon. 1979 
h e n .  1979 
Anon. 1978 
This  s t u d y  



T a b l e  11. NO3 + NO2 (NO,) comparison d a t a .  

C o n c e n t r a t i o n  -- 
L o c a t i o n  D s  t e  NO, (riig/L) Reference  

Lake E r i e  
t a k e  O n t a r i o  Bas in  
Hubbard Brook,  N,H. 
S j ~ a n g e n ,  Sweden 
Hubbard Brook,  N.H. 
S a b i e  I s l a n d ,  N,S, 
Pasadena ,  C a l i f o r n i a  
Sweden, S t a t i o n  2 K i  N 
Sweden, S t a t i o n  23 P1 SW 
BeLgiufi~, S t a t i o n  526 u 
F r a n c e ,  S t a t i o n  703 L?! 
N.Y,-N.H,-Tennessee, U,S. 
Yonkers ,  N.Y, 
S a l n r  John,  N,S. 
Saint Joim, N,B. 
S a i n t  John ,  N . 8 .  
Saint .  .)ohin, U.E. 
C h a r l o ,  N.H, 
Ke j i~nl i i i j i i i ,  N.S. 
S a b l e  I s l a ~ ~ d ,  N.S. 
W h i t e h o r s e ,  Yukon 
Nashwaak, R.B. 
S t .  Andrews, N.B. 

Summer 1970-76 
1970-71 
1964-74 
1973-75 
1964-1 966 
1975 
1976-1977 
- 
-- 
-- 
-- 

1972-73 
I974 
Nov. 22/73 
Juiy 15/14 
July 18-20/74 
1971-78 
1977-78 
19iH 
1976-lb 
1977-7h 
i 97 3-7 6 
1978 

- 

1 - 06 Kuntz 1978 
1.53 Shiomi & Kuntz 1973 
1.47 L i k e n s  1975 
0.99 G r a a a t  1978 
0-0-3.0 F i s h e r  et a l .  1968 
0.2-1.4 Olson  e t  a l ,  1976 
4.55 (0-68-117,8) L i l j e s t r a n d  h Morgan 1978 
0.3: Granat  1972 
1.98 Granat  1972 
2.23 Granat  1972 
1.98 G r a n a t  i972 
1.24-3,27 C o g b i l l  & L i k e n s  1974 
4.4(<1-44,O) Jacobson  e t  a l ,  1976 
0-8-2,7 Anlauf e t  a l .  1975 
2.4-3,6 Anlauf e t  a l .  1976 
0.7-12,3 Anlsuf  e t  a l .  1976 
0.349 Anon. 1973 
0.270 Anon. 1979 
0.242 Ano~i. 1979 
0.201 Anon. 1979 
0.226 Anon, 1979 
0,Ol-1.72 Anon. 1979 
0.252 (40.01-1-8) This s t u d y  

T a b l e  12. T o t a l  P comparison d a t a .  

T o t a l  P 
L o c a t i o n  Date Xeference  

Lake E r i e  
Lake O n t a r i o  Bas in  
S a i n t  .John, N.Y.  
C h a r l o ,  K.B. 
Ke j i n i k i ~ j i k ,  W,S. 
S a b l e  I s l a n d ,  N - 5 .  
Whi tehorse ,  Yukon 
Nashwaak, N.B. 
S t .  Artdrews, N.B. 

0,068 Kuntz 1978 
0,058 Shiomi & Kuncz 1973 
0,062 Anon. 1979 
0.038 Anon. 1979 
0,003 Anon. 1374 
0,060 Anon. 1979 
0.139 Anon. 1974 
0.001-. 175 Anon. 1978 
0.0015 (0,004-0.98) This s tudy  



T a b l e  13, Ca compar i son  d a t a .  

L o c a t i o n  Date  Ca (mg/L) R e f e r e n c e  

Lnlce E r i c  1970-76 3 - 4 3  K u n t z  1978 
S a k e  O n t a r i o  Bas in  1970-71 5.04 Sh iomi  & Kunrz i 9 7 3  
i io l l an i i  Nonth ly  1.04-5.5 S l a n i n a  e t  al. 1979 
C o a s t a l  Rural, U.S, -- 0.06-0.32 Wolaver 1972 
C o a s t a l  Urban,  U,S. - 0.10-0.71 Wolaver 1972 
C o n t i n e n t a l  R i r ra l ,  U. S. -- 0-26-2,47 Wolaver 1972 
C o n t i n e n t a l  Urban, U,S. -- 0.60-4.02 Wolaver 1972 
Hubbard Brook ,  N.H. 1963-1974 0.16 L i k e n s  1975 
S j z i ingen ,  Sweden 1973-1975 0.52 G r a n a t  1978 
P a s a d e n a ,  C a l i f o r n i a  1976-1977 0.19 (0.01-1.7) L i l j e s t r a n d  & #organ  1978 
Sweden, S t a t i o n  2 2i N -- 0.64 Grana t  1972 
Sweden,  S t a t i o n  23 P I  SW - 0.84 G r a n a t  1972 
Be lg ium,  S t a t i o n  526 u -- 1.32 G r a n a t  1972 
P r a n c e ,  S t a t i o n  703 LY -- 0.68 G r a n a t  1972 
R7~U.-i3,Ha-Tenn., U.S. 1972-1973 0.20-0.83 C o g b i l l  & L i k e n s  1974 
O.K. ( a l l  s i z e s )  1972-73 0. 13-4.ba Cawse i974 
S a i n t  .Tokin, N.B. 1977-78 0.45 Anon. 1979 
C h z r l o ,  N.B, 1977-78 0.37 Anon. 1979 
K e j i m k u j i k ,  N,S, 1978 0.09 Anon. 1979 
S a b l e  i s i a n d ,  %.S. 1976-78 0.69 Anon, 1979 
W i ~ i t e h o r s e ,  Yukon 1977-78 0.97 Anon. 1979 
S t .  h d r e w s ,  X = B .  1973 0.137 (LO. 10-0.40) T h i s  s t u d y  

-- - 

"In r e a c h i n g  t h i s  r a n g e ,  ve dropoed o u t  t h e i r  t o p  v a l u e  o f  49.8 a s  p o s s i b l y  b e i n g  1x7 e r r o r ,  
c c n t a m i n a t i o n  problem. 

Table 14. Mg compar i son  d a t a .  

1 , o c a t i o n  Date  Hg (ir?g/L) R e f e r e n c e  

Lake E r i e  
Lake  O n t a r i o  Bas in  
Hubbard Brook ,  N.N. 
S j Z a n g e n ,  Sweden 
P a s a d e n a ,  C a l i f o r n i a  
Sweden, S t a t i o n  2 Ki N 
Sweden, S t a t i o n  23 P i  SW 
Se lg i t im,  S t a t i o n  526  u 
F r a n c e ,  S t a t i o n  703 L?? 
KeY,-N.H*-Tenn. U,S. 
S a i n t  .John, N.B, 
C h a r l o ,  N,B. 
K e j i m k u j i k ,  N.S, 
S a b l e  I s l a n d ,  N.S. 
W h i t e h o r s e ,  Yukon 
S t .  Andrews, N.B. 

Kuntz 1978 
Shiomi 6 Kuntz  1973 
L i k e n s  1975 
G r a n a t  1978 
L i l j e s t r a n d  & Morgan 1978 
G r a n a t  1972 
G r a n a t  1972 
G r a n a t  1972 
G r a n a t  1972 
C o g b i l l  & L i k e n s  1974 
Anon, I979  
Anon. 1979 
Anon. 1979 
Anon. 1979 
Anon. 1979 
T h i s  s t u d y  
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T a b l e  15. Na comparison d a t a .  

L o c a t i o n  Date Na (%/I-) Reference  

Lake Er-e Summer 1970-76 0-97  Kuntz 1978 
Lake O n t a r i o  Bas in  1970-7 1 2.69 Shiomi & Kuntz 1973 
t io l land  D a i l y  0.51-30-5 S l a n i n a  e t  a l e  1979 
i l o l l a n d  Monthly 1-9-16-2 SLanina e t  a l e  1979 
C o a s r a l  R b r a l ,  U.S. -- 0,5-2.43 Wolaver 1972 
C o a s t a l  Urban, iJ-S. -- 0.08-0.48 Wolaver 1 97 2 
C o n t i n e n t a l  R u r a l ,  C. 5. - 0,07-0.79 Idolaver 1972 
C o n t r n e n t a l  Urban, U.S. -- 0.09-13-86 liiolaver 1972 
Rubbard Brook,  N.H. 1963-74 0 ,12  L l k e n s  1975 
SjbZngen, Sweden 1973 -75 0.35 Grana t  1978 
Pasadena ,  California 1976-77 0.58 (0.02-8.97) L i l ~ e s t r a n d  h Morgan i978  
Svedec ,  S t a t i o n  2 K i  N - 0,JO G r a n a t  1972 
Sweden, S t a t i o n  23 P I  SW -- 1.95 Grana t  1972 
Belgium, S t a t i o n  525 t i  -- 0-97  Cranac 1972 
F r a n c e ,  S t a t i o n  703 Li.i -- 0.92 Grana t  1972 
&,Y.-N.Y.-Tenn,, U.S. 1972-73 0.05-0.15 C o g b i l l  & L i k e n s  1974 
H e r d e l b e r g ,  Germany 1971 0.76 Bogen 1974 
U . K ,  ( a l l  s r t e s )  1972-73 1.7-108 Cawse 1974 
Salnc John, S,B. 1977-78 1 .0  Anon, 1979 
Cl ia r lo ,  h - R ,  1977-78 0.6 Anon. I979 
Ke:imku;ric, X.S. 1978 0.2 Cion,  1979 
S d b l e  I s l a n d ,  N,S, 1975-78 16.54 Anon. 1979 
W h i t e h o r s e ,  Y d k o ~  1977-78 0 , 4  Anon. 1979 
S t .  h d r e w s ,  N.B. 1978 0,886 (0-4-1.8) Thls s tudy  

-- 

T a b l e  16, K Comparison d a t a .  

-- 

L o c a t i o n  Date K (mg/L) Reference  

Lake E r i e  
Lake O n t a r i o  Bas in  
C o a s t a l  R u r a l ,  U. S, 
C o a s t a l  Urban,  "3 S, 
C o n t i i i e n t a l  R u r a l ,  U, S. 
C o n t i n e n t a l  Urban, U. S .  
Hubbard Brook,  N,H. 
S j z a n g e n ,  Sweden 
P a s a d e n a ,  C a l i f o r i l i a  
Sweden, S t a t i o n  2 Ki N 
Sweden, S t a t i o n  23 P1 SW 
Belglum, S t a t i o n  526 i i  

F r a n c e ,  S t a t i o n  703 L:,i 
Naya-N.H,-Tenn,, U.S, 
H e i d e l b e r g ,  Germany 
S a i n t  .John, N.B. 
C h a r l o ,  N.B. 
Keji ir ikujik,  N.S, 
S a b l e  I s l a n d ,  N.S. 
Glhi t e h o r s e ,  Yukon 
S t .  Andrews, N.R, 

Summer 1970-15 
1970-7 1 

-- 
- 
-- 
-- 

1963-74 
1973-75 
'1976-77 
-- 
-- 
-- 
- 

1972-73 
1971 
1977-78 
1977-78 
1978 
1976-78 
1977-78 
1978 

Konfz 1976 
Shiomi 6 Kuntz 1973 
Wolaver L 972 
Wolaver I$??  
Yolaver 1972 
Wolaver 1972 
L i k e n s  1975 
Grana t  1978 
L i I j e s t r a n d  & Morgan 1978 
Grana t  1972 
Grana t  I972 
Grana t  1972 
Grana t  1912 
C o g b i l i  & L i k e n s  1974 
Bogfn 1974 
Anon, 1979 
Paon,  1979 
Anon. 1979 
Anon, 1979 
Anon. 1979 
T h i s  s tudy  



T a b l e  17, 61  comparison d a t a .  

Location Date G l  (mg/i) Rererence  

Lake E r l o  
~ a i e  O n t a r i o  Bas in  
r iol iai lz  
S o l l a n d  
C o a s t a l  X u r a l ,  U.S. 
C o a s t a l  lirbd?, ti. S, 
G o n t ~ n e q t a i  R u r a l ,  C. S. 
C o n t i n e n t a l  Urban, U h  S, 
Habbard  Brook, K.H. 
SjbHngrn,  Sweden 
P a s a d e n a ,  C a Z l f o r n l a  
Sweden, S t a t i o n  2 KI N 
Sweden, S t a t i o n  23  P i  SW 
l?.clg";irn, S t a t t o ~ l  526 u 
F r a n c e ,  S t n i l o n  7 0 3  LM 
tJ.K.-U.b,-Tent>., I?,$. 
Yonkers ,  X.V. 
S a i q t  ; o h ,  N.B. 
Saint John, N.B. 
H e l d e l b e r g ,  G e r ~ a n y  
S a l n t  lohn,  N.B. 
C h a r l o ,  N.8, 
KeJrmkujlk, N-S. 
S a b l e  I s l a n d ,  X.S. 
W h i t e h o r s e ,  Yukon 
S t ,  h d r e w s ,  V,B.  

Summer 1970-76 
1970-71 
Dai ly  
Xonthly - 

-- 
1972-73 
1974 
J u l y  15/74 
J u l y  18-20/74 
?97 1 
1977-78 
1977-78 
i978 
1976-78 
1977-78 
1978 

1-11 Kuntz 1978 
1 ,60  Shiomi & Kuntz 1973 

1.2-73,8 S l a n i n a  e t  a l .  1979 
4.3-12.4 S l a n i n a  e t  a l e  1979 
0.9-4.39 Wolaver 1972 
8-05-2.38 Wolaver 1972 
0,16-1.08 Wolaver 1972 
0.18-2-36 Wolaver 1972 
0.47 L i k e n s  1975 
0.64 Grana t  1978 
1.03 (0.04-16.33) L i l j e s t r a n d  6 Morgan 1978 
0.39 Grana t  1972 
3.48 G r n r ~ a t  1972 
1.95 Granar 1972 
2 - 1 3  Grana t  1972 
0,15-0.47 C o g b i l l  h L i k e n s  1974 
1.2 ( ~ 1 - 7 )  Jacobson  et a1. 1976 
0.1-1.8 knlacf  et a l .  1976 
0,L-4.0 hn lauf  e t  al. 1976 
1.5 Bogen 1974 
1.2 Anon. 1979 
0.9 Anon, 1979 
0.3 Anon. 1979 

27.8 Anon. 1979 
0.59 Anon, 1979 
1.25 T h i s  s t u d y  



-1 7 -  

T a b l e  18, SO4 comparison d a t a ,  

L o c a t i o n  Date So4 (mg/L) Reference  

Lake E r l e  
t a k e  O n t a r l o  Bas ln  
h o l l a n d  
C o a s t a l  X b r a l ,  b.S. 
C o a s t a l  Urban,  U,S. 
C o n t ~ n e n t a l  R u r a l ,  U.S. 
Continental Urban, U.S. 
~ u n b a r d  Brook,  N.H. 
S j zangen ,  Sweden 
S h e l b u r n e ,  h,S,  
Hubbard Brook, N.H. 
S a b l e  I s l a n d ,  N.S. 
P a s a d e n a ,  b l l f o r n i a  
Sdeden ,  S t a t i o n  2 Ki N 
Sweden, S t a t i o n  23 P i  SW 
B e i g ~ u m ,  S t a t i o n  526 u 
F r a n c e ,  S t a t r o n  703 LM 
N.Y,-N,H,-Tenn,, U,S. 
Yonkers ,  N,Y,  
S a l n t  John, F\I-8. 
S a l n t  Tohn, N.B. 
S a l n t  John ,  N.B. 
S a b l e  I s l a n d ,  N.S. 
~ a l r f a x - S y d n e y ,  N.S. 
OSA Lake (La Cloche Mtn,) 
0 5 4  Lake (La  Cloche Mtn,) 
S a l n r  John ,  N.B. 
C h a r l o ,  N,B. 
K e j l m k u j i k ,  N.S. 
S a b l e  i s l a n d ,  N.S. 
Whitehorse, Yukon 
S t .  Andrews, N.B. 
S t .  Andrews, N.B. 
S t ,  h d r e w s ,  3.B.  
S t .  Andrews, N.B. 

Summer 1970-76 
1970-71 
D a i l y  

-- 
-- 
- 
-- 

1964-74 
1973-75 
Apr. 1975- 
1964-56 
1975 
1976-77 - 
- 
-- 
- 

1972-73 
1974 
Nov. 22/73 uncor r  
J u l y  15/74 
J u l y  18-20/79 
1975-76 
1972-77 
1972 
1972-73 
1977-78 
1977-78 
1978 
1976-78 
1977-78 
May 1975-Mar. 76 
1976 J u i y / ~ u g .  
1977 
1978 

E i n t z  1978 
Shiomi & Kuntz I973 
S l a n i n a  e t  a l .  1979 
Wolaver 1972 
Iu'olaver 1972 
Woiaver 1972 
Wolaver 1972 
L i k e n s  1975 
Grana t  1978 
Shaw 1979 
F i s h e r  e t  a l .  1968 
Olson  e t  a l ,  1975 
L i l j e s t r a n d  6 Morgan I978 
Grana t  1972 
Grana t  1472 
Grana t  1972 
Grana t  1972 
C o g b i l l  6 L i k e n s  1974 
Jacobson  e t  a l .  1976 
Anfauf e t  a l .  1976 
Anlauf e t  a l .  1976 
Anlauf e t  a l e  1976 
W i l t s h i r e  1979 
W i l t s h f r e  1979 
Beamisb 1974 
Beaa isb  1974 
Anon. 1979 
Anon. 1979 
Anon. 1979 
Anon, 1979 
Anon. 1979 
Z i t k o  & Carson ,  unpubl.  
Anon. 1377 
S e r g e a n t  h Zicko  1978 
T h i s  s t u d y  



T a j l r  19, SO4 d e p o s i t i o n  r a t e s  a t  s e v e r a l  l o c a t i o n s  (wet  p r e c i p i t a t i o n  
o n l y ) .  

SO4 d e p o s i t i o n  
L o c a t i o n  g/'na/mo Reference  

S t .  Andrews, N.B. 
Canadian M a r i t i m e s  

(Yay 1977-Mar. 1978) 
L a b r a d o r l e a s t  Newfoundland 
Maniwaki , Que . 
ourope  
S a b i e  I s l a n d ,  N.S. (1975-77) 
S h e l b u r n e ,  N-S. 

(Apr.  1975-Apr, 1978) 
H a l i f a x  c o a s t a l ,  N.5, 1972-73 
H a l i f a x  urban ,  N.S. 1472-73 

T h i s  s t u d y  

W i l t s h i r e  (1979) 

T a b l e  20. Cd comparison d a t a  (N.D. - n o n - d e t e c t a b l e ) .  

L o c a t i o n  Date Cd (%/I2) R e f e r e n c e  

Chlcago  ( S o u t h  s i d e ) ,  lil, June  28/68 193.2 H a r r i s o n  1970 
Gary-(East  1n te rchange)Tnd.  June  25/58 43.0 H a r r i s o n  1970 
L a P o r t e  , I n d i a n a  June 26/68 24-6  H a r r i s o n  1970 
Lake E r i e  Summer 1970-76 1.0 Kuntz 1978 
Lake O n t a r i o  B a s ~ n  1970-71 1.0 Shiomi h Kuntz 1973 
Hol land  Monthly 0.7-11.0 S l a n i n a  e t  a l .  1979 
0% Lake, LaCloche '-l"cs. 1972-73 60.1 Seamish 1974 
Monta l~e ,  N.N. 1971 0.1-2.3 S c h l e s i n g e r  et al. 1976 
Chadron ,  Nebraska 1973 0.26 S t r u e m p l e r  1976 
C-K.  ( a l l  s i t e s )  1972-73 c0. 3-43 Cawse 1974 
S a i n t  John, 4 - B .  1977-78 2  Anon. 1979 
C h a r l o ,  W,B.  1977-78 2  Anon, 1979 
K e j i m k d j i k ,  P4.S. 1978 I Anon. I979 
S a b l e  I s l a n d ,  N.S. 1976-78 8  Anon, 1979 
W h i t e h o r s e ,  Yukon 1977-78 2  Anon. 1979 
S t ,  h d r e w s ,  N.3, 1970-71 0.57 Z i t k o  6 Carson ,  unpubt ,  
S t .  Andrews, N.B. 1978 0,164 (P3.D.-3-59] T h i s  s t u d y  
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T a b l e  2:. Pb  comparison d a t a .  

C o n c e n t r a t i o n  
i o c a ' t r o n  Date Pb p g / L  Reference  

Cil icago,  I l l i n o i s  
Gary ,  I n d i a n a  
L z P o r t e ,  I n d i a n a  
Lake E r i e  
Lake O n t a r i o  Ras in  
i i o i l a n d  
Hollai id 
P a s a d e n a ,  CAI i f o r n i a  
O S A  -Lake (LaCinche Mtn.) 
OSA -Lakc? (Lac loche  Htn. ) 
Xonrane,  N,R. 
Chadron,  Kebraska 
3 2  S t n s .  i n  U.S. 
U.K. ( a l l  s i t e s )  
Sni .nt  John ,  N.B. 
Charlo,  N.R. 
Xeji inkii j ik,  N-S. 
S a b l e  I s l a n d ,  N,S. 
. - 
Whitehorse ,  Yukon 
S r .  Andrews, N.B. 
St . ,  h d r e w s ,  N,B. 

June  26/68 
June  25/63 
June  26/68 
Summer 1970-76 
i970-7 1 
D a i l y  
Montlily 
1976-77 
197 2 
1972-73 
197 1 
1973 
1966-57 
1972-73 
1977-78 
i977-78 
1978 
1975-78 
1977-78 
1970-71 
1978 

H a r r i s o n  1970 
i i a r r i s o n  1979 
H a r r i s o n  1970 
Kuntz 1978 
Shiomr 6 Kuntz 1973 
S l a n i n a  e t  a l .  1979 
S l a n i n a  e t  a:. 1979 
Z i i j e s c r a n d  & Yorgan 1973 
Bearn1.h 1974 
B e a n ~ s i l  1974 
S c h l e s l n g e r  e t  a l .  1374 
S t r u e m p l e r  i 976 
L a z a r ~ s  e t  a l .  1970 
Cawse 1974 
Anon, 19779 
hni?~. 1979 
Atl0.i. 2 979 
Anon. 1379 
Anor.. 1979 
Z r t k o  & Carson ,  unpobl.  
T h i s  s t i idv 

T a b l e  2 2 ,  Cu comparison d a t a .  

C o n c c q t r a t i o n  
L o c a t i o n  Date CU p g / L  R e  t e r m c e  

Clllcngo, il l i n o l s  June  26/68 43 ,7  H a r r i s o ?  1970 
G a r y ,  Ind l a n a  June 26/58 38.7 Harr1so-t 1979 
L a P o r t e ,  Indian;  June  26/b8 1 0 , 9  H a r r i s o n  1970 
~ a k e  E r i e  Summer 1970-76 4-0 Kuntz 1978 
Lake O n t a r i o  Bas in  1970-71 6-0 ShFomi 6 Krintz 1373 
Hol land  Xonth ly  11-38 S l a n i n a  et  a l .  1979 
0Sb Lake (LaCloche Xtn.) 1972 5.0 Reamish I974 
OSA Lake ( L a c l o c h e  Mtn.) 1972-73 9.0 Beamisn 1971 
Chadron,  Nebraska 1973 4.5 S t r u e m p l e r  1976 
32 S t o s .  ~n U,S. 1956-67 2 1 Lazarus  e t  a l .  1973 
U.Y. (dl1 s l t e s )  1972-73 8.2-52 Cawse ,974 
S a l n t  John ,  P1.B. 1977-78 3 Anon. 1979 
C h a r l o ,  N.5, 1977-73 2 Anon, 1979 
X e j ~ m k i l j i k ,  N.S. 1978 5 Anon. 1979 
S a b i n  I s l a n d ,  X,S. 1976-78 12 Anon, 1979 
W h r t e h o r w ,  Yukon 1977-78 2 Anon. 1979 
S t .  iindrews, N.B. 1970-7 1 6.44 Z r t k o  b Carson ,  u n p d h l .  
S t .  Andrews,  N.B. 1978 5.87 (0.3-5?,0) T h i s  s t d y  

-- -- - 



T a b l e  23, Fe comparison d a t a ,  

C o n c e n t r a t i o n  
L o c a t i o n  Date Pe p g / L  Reference  

-- 

Lake  E r r e  Summer 1970-76 12.0 Kuntz i978  
L2ke O n t a r l o  Xasl.3 1970-71 34.0 Shiorni b Kuntz 1973 
Fiollsnd! Monthly 10.33-7,2 S i a n i n a  e t  a l .  1979 
P a s a ; e ~ a ,  C k L ~ P o r r l a  1975-77 20-1  (1.4-128-5) L i l j e s t r a n d  & Morgan 1978 
054  he, LaClocire tsltns. 1972 1 5 - 0  Beamish 1974 
OSA l a k e ,  LaCloche Mtns. 1972-73 3 0 - 0  Beamish 1974 
SE O n t a r l o  -- 130-1800 Sorenson et a l -  1974 

h e r d e l b e r g ,  Gervary 197 1750 Bogen 1974 
V.K, ( a l l  s l t e s )  1972-73 63 -2 700 C a m e  1974 
S a i n t  John, K . 3 ,  1977-78 21 Anon. 1979 
C h a r l o ,  N,B, 1977-78 15 Anon. 1979 
X e ~ l r n k u ~ ; ~ ,  N.S, 1978 7 Anon. 1979 
S a b l e  I s l a n d ,  N-S. 1976-78 47 Anoil, 1979 
W h i t e h o r s e ,  Yukon 191 1-78 4 Anon, 1979 
S r .  Andrew&, N . 3 ,  1970-71 4 5 Z i t k o  6 Carson ,  unpuhl.  
S e ,  A-&di-ews, V.G. 1978 1 7 , 7 8  (1.4-143-0) Thrs i t u d y  

- -- - - 

T a b l e  24. Mn comparison d a t a .  

C o n c e n t r a t i o n  
Lora tLon Date Hn pg/L Reference  

P a s a d e n a ,  C a l r L f o r ~ ~ a  1976-77 8 1 - 2 3  L i l j e s t r a n d  & Horgan 1978 
Y e i d e l b e r g ,  Gernany 1971 2 5 - 3  Bogen 1974 
C h a d m n ,  Yebraska 1973 5.4 S t r u e m p l e r  1976 
32 S i n \ ,  ~n U,S, 1966-67 12 Lazarus  e t  a l .  1970 
U , K .  (ail s ~ L e s )  1972-73 1.2-77 C a w s e  1974 
St. Andrews, N.B, I978 2.35 (0-3-12.7)  Thrs  study 

T a b l e  25,  Zn comparison d a t a .  

Concentration 

L o c a t r o n  Date Zn p g / L  Reference  
- 

Lane E r i e  Sum-er 1970-76 62.0 Kuntz 1978 
i -Le  O n t a r i o  Bas11 1970-7 1 80,O S h l o n ~  & Kuntz 1973 
H o l l a n d  Monthly 101-730 S l a n n a  e t  a l e  1979 
GSA Lake, Lac loche  Htns .  1972 2 5 - 0  Beamish 1974 
OSA mke, LaGloche Ntns.  1972-73 39.0 Beamish 1974 
C ' h a a r ~ n ,  Nebraska 1973 10.0 Struernpler  1976 
32 S t n s ,  m U.S. 1966-67 107 Lazarus  e t  a l .  1970 
b,K. ( a l l  s l t e s )  1972-73 18-380 Game 1974 
S a i n t  John ,  N.B. 1977-78 10 Anon. 1979 
C h a r l o ,  N.B,  1977-78 10 Anon. 1979 
Y ~ ~ ~ ~ i l i ~ j ~ l i ~  N - S i  I978 9 Anori, 1979 
S a b l e  I s l a n d ,  N.S. 137(1-78 9 Anon. 1979 
Wfii tekocse,  Yukon 1971-78 7 Anon. 1979 
S t .  Andrews, N.3, 1970-7 1 35-6  Zl tkn  h Carson ,  nnpcsbl, 
S t ,  h d r e w s ,  N.B. 1978 31,91 (5,8-87-61 T n r s  s t u d y  
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T a b l e  26. Comparison of  heavy m e t a l  d e o o s i t i o n  r a t e s  a t  s e v e r a l  l o c a t i o n s .  

D e p o s i t i o n  i n  g/ha/mo 
S t ,  Andrews, N.B. 

Z i t k o  & Carson F r e d e r i k s v a g r k ,  Chadron, F l i n  F i o n ,  
Heavy m e t a l  1978 s t u d y  197 l a  Denmark k b r a s k a  , U S A ~  Mani toba ,  Canadad 

aUnpubl l s h e d ,  
b ~ a l c d a t e d  from P i l e g a a r d  (1979) f o r  7 km from s t e e l w o r k s .  
C S t r u e m p l e r  ( 1 9 7 6 ) .  
d C a l c u l a t e d  from F r a n z i n  e t  a l ,  (1379) assuming d i s t a n c e  of  4-5 ka from s m e l t e r .  

T a b l e  27-  T a b d a t i o n  of  c o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  d u r i n g  examina t ion  
o f  1378 r a i n w a t e r  d a t a ,  

Dependent  Independent  C o r r e l a t i o n  
v a r i a b l e  v a r i a b l e (  s f  c o e f f i c i e n t  

PH 
P R 
P 2  
P H 
P 13 
P 
P 
pH 
P N  
pH 
NO 
C 1 
P H 

PN 

pH 
pH 
pH 
pH 

C o n d u c t i v i t y  
C o n d u c t i v i t y  
C o n d u c t i v i t y  
C o n d u c t i v i t y  
C o n d u c t i v i t y  
C o n d u c t i v i t y  

Pb  
P b  
Mn 
C  u 
C  u  
P b 

Cl 0.08LiO 
Ca 0.44945 
Mg 0,49348 
Na 0,00709 
K 0.27166 

0.75452 
NOx 0,77529 
SO4 0,83831 

soti, a, Wx 0.90% 53 
SOb9 61, NO,, 0.91846 

Ca, M g ,  Na, K 0.77059 
Ca, Fig, Na,  K 0.82257 

SO , 61, E;a3 , La, 
Yg,  Na, h J  0,99738 

504, 61,  mx, b, 
Mg, K, miL 0,99731 

$04, Nox, WL$ 0,88957 
SO4 0.66045 

NOx 0.79176 
M34 0,60302 

pH, volume p r e c i p i t a t i o n  0,73925 
pH, mm p r e c i p i t a t i o n  0.73561 

Fe 0,70381 
Mn 0,88169 
Pb 0,95973 
Zn 0,47310 
Fln 0,88356 
Fe 0.71329 
Fe 0.73453 
Fe 0,58625 
Zn 0.73544 

Fe, ;?n 0.88857 
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F i g .  1 .  S:im;iling l o r n t i o n s  i n  New nriin.iwick and  
iLiovrx S c o t  l a ,  Canada. 

Fig, 2, pH of p r e c i . p l t a t i o n  v e r s u s  t i m e  ( r e l a t i v e  
t o  December 31, 1977) f o r  t h e  1978-80 s a m p l i n g  
p e r i o d s  - t r e n d  l i n e  is sho;m, 

Fig, 3. C o r t d ~ i c t r v i t y  ol rain w a r e r  ve rs i l s  t i m e  
( r e l a t i v e  eo December 31, 1977) f o r  t h e  1978 s a m p l i n g  
p e r i o d  - t r e n d  l i n e  i s  shown. 

170 195 220 2 4 5  270 2 95 
T ime ( D a y s )  

f ~ g .  4. Y ~ i L i n i e t e r s  (mm) oi- p r e c i p l t a t r o n  vers i i s  
t i m e  ( r e l a t i v e  t o  December 31, 1977) f o r  ilic 1978 
s a m p l i n g  p e r i o d  - t r e n d  l i n e  is shoinli. 

170 195 220 2 4 5  270 295 

T i m e  ! D a y s  

F i g .  5,  SO4 c o n c e n t r a t i o n  v e r s u s  t i m e  ( r e l a t i v e  t o  
3ecember 31, 1977) f o r  t h e  1978 s a m p l i n g  p e r i o d  - 
t r e n d  l i n e  i s  shown. 

1 T O  195 220 2 4 5  2 70 295  

Trme  ( D a y s ]  

Fig, 6, MC, c n n c e n t r t l t i o n  v e r s r l i  t lint, ( r e i , i t  i v c  t o  
December 31 ,  1 9 7 7 )  f o r  t h e  1978 sampl~ny per iod  - 
t r e n d  l i n e  i s  shown, 



Fig, 7 ,  kX4 concentration versus time (relative to 
Decmmber 31, 1977) for the 1978 sampling period - 
trend line Ps shorn. 

Fig, 8. CU concentration versus time (relative to 
December 31, 1977) for the 1978 sampling period - 
tsena line is shorn. 

L a .  I J 

Fig. 10. Pb concentration versus time (relative to 
December 31, 1977) for the 1978 sampling period - 
**end line i 4  shorns 

T i m e  ( D o y s j  

Pig* 11, Yo concentration versus time (relative to 
December 3 1 ,  1977) f o r  the I978 sampiing period - 
trend line is shown, 

170 2 2 0  245  2 15 2 9 5  
T i m e  ( D n y s i  

Fig, 9. Zn concentration versus time (relative to Pip, 1 2 ,  Pe concentration versus time (rolntive LO 

December 31, 19779 for the 1918 sampling period - December 31, 19711 for the 1978 sampling per iod - 
trend line is sho-m. trend line is shown, 



-7 2 rig* 13, Cd concencratPon versus tine (relarive to 
Decemser 31, 1977) for the 1976 sampllng period - 
trend i ~ n e  i s  i:hown. 

Note: Day IOC = Xprii i O ,  1978 
Day 200 = July 19, 1978 
Day 300 = October 2 7 ,  1978 

Fig, 14. Correlation of various parameters measured 
with the air parcel traJectory computed for 2-3 d 
prior to the precipi~acion event; 

+ indicates s value higher than a set criterion for 
the parameter investigated and hypothesis proposed 
and therefore agreement with the hypothesis; 

- indicates a value contrary to the hypothesis, For 
example, the hypothesis for pH is that storms 
approaching from the south through *st adadrant 
should be of Low pH ( 4 4 . 2 j  and those from the 
northwest through east quadrant should be of high 
pH ( > 4 , 5 f ,  See text for discussion of -~aiues 
between pH 4.2 and 4 - 5 .  

Criterion for Soh, cunductiviiy, Pb, Fe, Mn, Cb, Zn, 
and Gd were 2,s mg/L, 1 5 f l S / c m ,  10, 10, 2 ,  10, 25, 
and 0 .2  p g / L ,  respectively. 
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Appendix I ,  Air parcel trajectories at  the 850 Mh 
level, June 1378, fo r  2-3 d prior to  the precipita- 
t i o n  event,  computed by che Atmospheric Enviroment 
Service of Environment Ganade, Atlant ic  Region, 

A - 1 M y .  1918 
B - 4 %, '1978 
C - 2 3  Juil, 1973 
D - 15 -4. $978 
E - 24 July. 1978 
F - 2% July, $978 

bqpandix 2 ,  A i r  parcel t r a j e c t o r i e s  a t  the 850 #b 
level, July 1978, f o r  2-3 d prlor to the pracfplta- 
t i o n  event, computed by the Mnospherkc Environment 
Service of Environment Canada, Atlant ic  Region, 

Appendtx 3 ,  M r  parcei trajectories a: the 850 Mb 
level, Auguat 1978, for  2-3 d pr ior  to the precipi- 
t a t i o n  event, c o m ~ t e d  by the AZmospherbc Znviroa- 
merit Servfce of Gnvironrnat Canada, &Rmtte Region, 

Appendix 4 .  Air parcel t r a j e c t o r i e s  at  the 850 Mb 
Level, Bptomber 1978, for  2-3 d p r io r  t o  the nre- 
c i p i t a t i o n  event, computed by the Atmospheric 
Enviran~lent ServPce of Envirorrmmt &nadir, Atlantic 
Region, 



.$pendix 5 ,  iiir pa rce l  t r a j e c t o r i e s  a t  the  850 f.lb 
l e v e l ,  October 1978, f o r  2-3 d p r io r  t o  the precipi -  
t a t i o n  even t ,  compcted by the  Atmospheric Environ- 
a e n t  Se rv ice  of Environment Canada, A t l a n t i c  Region. 


