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ABSTRACT 

"execsor, R, ti. l"?OO.. Mater chemst ry  of ten lakes 30 southern " i e w  Brunsw~c#. Can, Tech. Rep. Fish. Aqiiat, 
SCI .  962, i 1 i  + 25 p. 

a j a r  ions were gerforned f r o m 2 ~  L_O_*ternber% 1978, on sairiples from ten lakes ?n 
sotxn naha. "Thg-lakes var:ea GdeYy r v  bdfferlng capacity. Mosqu~to Lake, R o b ~ n  Hood 

and Chistio?ni ake had v~r t i i a ' i iy  no buffer-ing capacity rema7nrng (5-20 veq./L tiC03-) and had mean surner 
JH'S OF 5.8-6-0, i reasey and Kerr Lakes had rean tiC03- l eve l s  of 40-50 ueq./i with mean pHis of 6-7-5.8. 
301 ton and 11 Lakes contained aboux 100 ~eq.,i'L hCOj- with mean pH" sear neutral ~ t y .  Steln and Wheatnn 
Ldkes contained a b u t  150 veq./L HG03- w ~ t b  mean ?Wgs of 7.1, Mud Lake was h ~ g h i y  bdffered w ~ t h  about 
500 p e q . / L  HC03- a d  a ;lean pH of /.b, The r e l a t ~ o n s h ~ p  between t iCO3- and caif concent ra t~ons  i n d ~ c a t e  a 
poss I b l  e sl i g h t  loss  of a1 kal jn l ty  of about 10 ueu. HC03-/L. 

The concentratjons of the various ions are discussed in re la t ion  t o  rain pH, weather vectors, ra in fa l l  
pa t te rns  d u r i n g  the sainpl l n g ,  and local geology. 

Key words. water chein~stry,  New Brunswlck lakes,  bicarbonate, pH, a lka l rn i ty ,  major Ions, bedrock geology, 
a c ~ d  rain 

Peterson, R. H, 1980. Katec cnemlstry of ten lakes i n  southern Ye?! Bcunswrck. Can, Tech. Rep, f-ish. Aquat. 
SCI. 962, 111 + 25 p. 

Ge ria? i .eptem~re 1978, on analys6 5 Chagut? mols l es  prrncrpaux Ions dans l % a u  de d?x lacs  db sud du 
\ouved~-Bru?s i ~ c k .  ,E pouvo:r tampon de ces idcs  g t a i t  t rPs variable ,  Geld des l acs  Hosqu7t0, Rob~n e t  
Chisnol~n 6 t a - t  presque 1nexlstap.t (5 2 20 p i  d~ HC03-/l), er: l e  pH rfioyen en 6"t y 6 t a l t  de 5,8 a' 6,O. 
Dans i e s  l a c s  C r e ~ s r y  et  e r e ,  ces vaiedrs 6 ta3en t  respectivement airx nlveailx Hc03- de 40 a' 50 v6/l et 
d e  6,7 d 6,5, i e s  l acs  Bolton e t  "i:li contenaient environ 100 iC/l t iCQ3- e t  t e  pH prBs de neutral rt6. 
S t e r n  e s h h e a t a n ,  cir 150 p 6 / 1  SiC03-, e t  i e  pH mayep Exalt de 1 , l  e i  dans l e  lac  Mud, fcrtement 
t a ~ p c n n "  d e  5500 i 6 / i  HC03- e t  de 7,6* Le rapport en t re  les concentrations de H C O j -  e t  de Caii &note 
u n e  Saisse aosszble de i 'aalcairn1t6 d ' e n v ~ r o n  10 u h  de HC03-, 

La cor?centratior, des divers  ions f a i t  I kbbjet d h n n  ddiscussian en re la t ion  avec 7e pi? de l a  ploie ,  les 
f a c t e u r s  n6t6orologiques, i a  piuviosi t6  au cours de l a  campagne e t  l a  gGoiogie locale. 



L:, chi. l a s e  10-20 yr  coneerr: hms been expressed 
over rile increased a c i d i t y  of p r e c i p i t a t i o n  i n  many 
a r e a s  downwi.nd of r ~ a j o r  i l i d i i s t r i a l  c e n t e r s  (L ikens  
et a1 . i873), Fur example, y e a r l y  d i s p e r s i o n  
p a t t e r n s  of ac id ic  2 rec ip i t a tLon  i n d i c a t e  t h a t  
Scandinavia i s  prosably  tile r e c i p i e n t  of a c i d  r a i n  
froa heairi ly I n d u s t r i a l i z e d  c e n t r a l  Europe. As a 
r e s u l t ,  Norwegian s c i e i ~ t i s t s  undercook an in ter rs ive  
st t idy (SXSF-project) i n  1972 t o  exmine the  e f f e c t s  
of a c i d  p r e c i p i t a t i o n  on f o r e s t s  and f i s h  (Rrae'tcke 
1976). n i s  s t u d y  c u ~ ~ c l i i d e d  t h a t  hundreds of l a k e s  
i n  soiitl-iern Scartdinavia cannot now suppor t  f i s h  
p r i m a r i l y  becease of a c i d i f i c a t i o n  from atmospheric 
bnpilrr;, Approximecely 70 Xorwegian mlmon s t reams 
have Zosr t h e i r  s tocks .  &her  a r e a s  h e r e  a c i d  
p rec i . p i t a t i on  has caused d e t e r i o r a t i o n  of f i s h  p p u -  
i a t i o n s  i s  t he  ij-Cloche Ymiiriiain a r e a  near Sndbury, 
Ontar io  (eiiamish and fiarvey 1972; Beamish 1974; 
Warrrey l975); t h e  western iidirondacks i n  New York 
S t a t e  (Schof i e ld  1972); and probably in  southweatern 
tiova Scii t iz (Fzirraer,  pe r s .  c o r n r )  where several? for -  
ne r  s a l~non  s t reams no Longer c o n t a i n  thinis spec i e s .  
The l a k e s  and s t reams i n  a l l  these  a f f l i c r e d  a r e a s  
a r e  c h a r a c t e r i z e d  by having very d i l u t e ,  poor ly  
bu f fe red  viaters due to  tiie presence of i n s o l u b l e  
g r a i i i t i c  or  o the r  s i l i c e o u s  bedrock. m a t e r i a l s ,  

Sorile o f  the l ake  s y s t e m  Cri souilier-ri New 
Brunswick appear to q i i a l i fy  a s  be ing s e n s i t i v e  to  
a c i d i c  Inpucs.  Soutliern New Brimswick was scoured 
du r ing  t h e  l a s t  g l a c i a l  period (Gadd 1971) and a s  a  
rest11 t ,  laany a r e a s  have a scan ty ,  poor ly  developed 
s o i l  ove r ly ing  a g r a n i t i c  bedrock, Smith (1952) has  
cherac:terizecl tiie C h a r l o t t e  County, N,B, l a k e s  a s  
be ing s o f t  and poorly bu f fe red ,  

:In annimi 7ien-r p r e c i p i t a t i o n  pH o f  4 ,6  has  been 
sugges ted  a s  the crieica"i"sopiet?r r e l a t i n g  Lake 
ac i d  l f i c a t i o n  io ac id  r a i n f a l l  (Henricksen 197") * 

Lakes r ece iv ing  p r e c i p i t a t i o n  more a c i d i c  than c h i s  
r y p i c a i i y  siiow l o s s  of bu f f e r ing  c a p a c i t y ,  P h p s  of  
c u r r e n t  r a i n f a l l  pH i s o p i e t h s  i n d i c a t e  t h a t  t h e  mean 
annual p r e c i p i t a t i o n  pii f o r  Xaw IkunswLck i s  between 
4.5 and 5 .0  (Likens  e t  a i ,  1975), TLie 4 - 6  i s o p l e t h  
i n  the nap from W k e ~ s  ct 31. (1979) roughly 
p a r a l l e l s  t ho  I'rine-Yew Brunswic.k border ,  is  
s i m i j a r  t o  the  mean annual pH f o r  r a i n f a l l  (4.7 f o r  
1978-79) i n  Nova Sc0ti.a (Underwood 2 9751)- Sergeant  
and Z i tko  (1978) found the  mean pH o f  r a i n  water a t  
S t ,  krdrews, 5,3,  t o  be 3.9 dur ing  July-August 1977, 

l n  c o n t r a s t  t o  the idea t h a t  a  pH i s o p l e t l i  of 
i.-6 is  c r i t i c a l ,  Davis e t  a l ,  (1478) concluded, Erom 
I_ ; ~ l ~ , o r i c a i  . "+ .  d a t a ,  t irat  t he  mean pi1 o f  m i n e  l a k e s  bad 

decreased from 5,85 i n  1933 t o  5.95 i n  1974 w i t h  75% 
o f  t h e  change occrtrring between 9950 and 1960, Tnis  
dec rease  occurred  d e s p i t e  the f a c t  t h a t  the  mean 
;7recipi ' iai . ion pIi of  the  region was s t i l l  above 4 - 7  
i n  1955-65 jCogbi1.L and Likens 19741, Depending 
upon meart ~ a * ]  i n  b i n e  l a k e s  t h i s  decrease  may 
o r  may nu t  be s u f f i c i e n t  to  i n d i c a t e  s e r ious  a c i d i -  
f i c a t i o n  1.n Henriksons s p l o t s .  

S ince  Xew B r m ~ s - ~ c k m a y  now be the r e c i p i e n t  of 
s e r i o u s l y  a c i d i c  r a i i ~ f a l l ,  It was decided t o  survey 
seve ra l  l a k e s  i n  the  province,  The cheinisrry of t he  
s u r f a c e  water was analyzed monthly froin Fay t o  
Oe tober  1974 tn e s t n h l i s h  some b a s e l i n e  d a t a  and t o  
deter-rrlne l f  p o s s i b l e  a c l d i f i c a t i o i i  could be 
d e t e e  ted by i n d i r e c t  methods, F ish  popula t ions  were 
sampled every  2 mo t h r o u g h t h e  smmer of 1978, The 
phys i ca l  c i - a r a c c e r i s t i c s  of t he  l a k e s  ace  s t i l l  to  

The i'iater r w e s  w e e  b k e n  ju s t  beneath  the  
s u r f a c e  or  the  la'ke, f i e r e  It was not  p r a c t i c a l  to 
t ake  t \e m t e r  sanpieq f r o a  a  boa t ,  t hey  - e r e  taken 
by  c a r e f u l l y  wading out as f a r  a s  p s s i b i e  i n  ches t  
gade r s  and E l l l i n g  the bottles a t  a rm's  l e n g t h  so as 
n o t t o  :nc?ude m y  r o i l e d  water due t o  wadlag, In 
some i o s t ~ 7 c e s ,  p a r t a c u l a r l y  i n  Yay when some i c e  
cover p r s r s t e d ,  samples were taken from a  dock or  
rocky po in t  ~ r o j e c t r n g  out i n t o  rhe l ake .  

b*, %+, G L - ~  K+, SO&-, ta9, and a l k a i r n x t y  
be re  deter-dived from 1-L sample.; taken ~n *ride- 
;south, polyethylene  b o t t l e s  %Arch  had k e n  acid- 
wasted and r i n sed  k i t h  de ionized water ,  No 
7 re se rvac ive  was added. 

Wospnate was analyzed from water samples taken 
i n  50-=:a SilvLrel c o n t a i n e r s  with 0,s mL n f 30% N2SOh 
a s  p re se rva t ive .  

Samples f o r  n i t r a t e  de t e rmina t ion  were taken In 
100--inL polyethylene  b o t t l e s ,  The a a p l e s  = r e  kept 
on i c e  o r  r e f r i g e r a t e d  u n t i l  analyzed,  

T.vio i-i s a a p l e s  were &'ken i n  poiyethylane  
b o t t l e s  fo r  b e v y  meta l  de t e rmina t ion ,  h e  sample 
was m f l l t e r e d ,  :he o the r  f - i l t e r ed  through an 
acid-washed X i l i i p o r e  E l l  t e r  a s senb laze  The 
samples &=re a c i d r f i e d  to pH <3,0 w i t h  10i 
~ r l s t a B n i t r x c  ac,d. 

Eveasarernents f o r  pd were taken wzth a 
Radroaeter >bde l  2 4  p o r t a b l e  pH meter  by imraersing 
tne  e l e c t r o d e s  i n  tiie lake  d r r e c t l y ,  u s u a l l y  from 
tire s ~ d e  <sf a  boa t ,  'Tile . ieter &a s i a ; i d a r d ~ z e d  m t k  
2" 4.0 an5 7,G b u f f e r s  before  and a f t e r  measurement 
o f  lake pi4,  he e l e c t r o d e s  b e ~ n g  r lnsed thoroughly  
w3 tli deloaazed water a f t e r  mmers ion In the 
b a f f e r s .  

Conddc t iv l t i e s  were ~ e a s i l r e d  i n  s l t u  m t h  a YSL 
Model 33 sa l i~ i ty -eon i luc t iv i ty - - t e i r ip ra tu re  a e t e r .  

~a*, &Crs Q-, K+, S04=, ?hi, n i k a l  i n i t y ,  
n i t r a t e  and Aospha te  ar -s lyses  were p r  formed by the  
d a t e r  @a1 i r v  Branch, k imd Waters * ~ r a c t o r a t e ,  
Y o n c t o ~ ,  he&, , according to  the f W D  k54alyt ica l  
Xetiiods :Xanual jhon, 1979), One set of f i e l d  
t i t r a t i o n 3  of a l m l i n i t y  was a l s o  performed a s  
o u t l i n e d  by J e t f r i e s  (1977) on each lake  to  compare 
wi th  l a b o r a t o r y  d e t e r q r ~ e d  vaLues, . M ~ q u o t s  were 
a e r a t e d  io coos t an t  pH a f t e r  each addrt-ion of 
t i t r a n t .  E.id p i n t s  were determined by k P e  Gran 
t e c m i g u e  (Stmm and Morgan 1970)- 

Heavy m e t a l s  (cue, &I'"", ~ b * ~  Hn*) were 
dererrnrned by s tandard  flame and graph1 t e  furnace  
atornrc aosorpt ron nieti~ods,  

UESCRIPTL9NS OF LAKES STUDIED 

The O i a k e s  s e l e c t e d  fo r  the survey a r e  listed 
G b l e  i and ehei.1 l o c a t t o n s  In New Brunsrrriek 

s h a m  13 Elg, 1. The l akes  were s e l e c t e d  on the 
basis of ~ e u e r a l  c r ~ t e r i a :  a)  d r s t ance  from the 



c;;;.si - a factor which will i~~fluence the concen- 
Li,it'rt;ns oi' several ions, particularly xai and 
,* - 7 

, .t,e zeloctioi; was rat  altogei-ker satisfactory 
- ;.. - triis regard as inor-~e ot r f ie lakes was wr:i;fr: the 

i d -  ro 20-?in? range of disiances from the coast, 5) 
dl," . : d , t , 2 n ~ ~  ~ r o n  major centers of iiu~~an habitation. 
Sntnt 3o:in is tiif Largest i:rbarr center in soutl~erri 
Sew Briinswick; therefore tile iakes were selected at 
v;iriaab:i~ disrazces Froin Sainc John so that it might 
be ;sossibie to detect iocal irifiiiefices on lake 
c-i,emist:y, A;; will be shown, the wind and precipi- 
tatio~n patterns are such ti:at minimal local effects 
wol;"l be expected in any o f  the st,rvey lakes, c) 
relative areas of iakes and drainage basins, liead- 
waier iakrs, particiilariy rhosa with low ratios of 
dr*ln;%gc basin to lake area, should be most 
sensitive to scidLCl;catioiz - other f;ictors being 
equal - due rc n larger percentage of their I.nputs 
being of atrnnsphcrlc origin, On this basis 
Gkisilo'im, Mosqsito, Creasey, and Wheaton Lakes 
si~oulrl bc nost vulnerabl.e, altilough ljheaton is not a 
seiisitive lake for other reasons (Table 1:. Ar the 
aci~rr end of rr;ie scale are si;ci; lakes as Robin Hood 
a;rd K i a r i  iakes, whii.a? rece:vn rhe effluent of more 
l:eadwirtrx- lakes, A nore cirmplete description of the 
pilysirai chara:terlstics of tile 10 lakes will be 
given i:-t ;i suhsequr; ; t  re;;ort, but a brief descrip- 
rion of each. iake, pbrticulariy with reference to 
rhe bedrock geoiogy, w i l ? .  now be given, >bay of tile 
lakes studied iie upoc formations of Devonian 
granite (Potter et a: 1:5C,OOU geological maps of 
Xew Brunswick). Exceprions are the two lakes in zhe 
slirveji nearest the coast (M~caton aiid Stein) and Mud 
iak.?, tile three oi which lie in areas underlain by 
sonimentary formations, Correspondingly, these 
latrer three lakes have 6 considerably higher ionic 
c o a t z c t ,  over and above the sea salt input. it has 
been assumeu here that  rhe irainage basins of the 
lades sui-veyed are similar in geological 
chariicieristics to the iorrcations in the paririciilar 
areas generally, l3e detai led geology of the 
drhinage areas of parzicular lakes may differ, 
although the restilcs of tile warer cheixistry agree 
wich tlre generaiizations drawn in the followtng 
descriptions. 

Mud i ~ k e  (Fig. 2, 'Table I) is a senescent iake 
drainiiig iliri, % I f f  Lake by a short connecting 
stream, Ti;e Like L a s i i i  has fiLLed to a large extent 
uith the ren~aii~s of aquatic .vegetation, which 
nrobohly has a strotig influence on che nature of the 
water ciiemistry, Lakeside vegetation ls mainly 
cedar wi.th several extensive cattail parches in the 
ilrtorai zone, Tnere is much drowned timber along 
:he margins, tAi,ii iinpaved road skirts the western end 
o f  clle Lake, and two cottages were noted. Atthe 
shore1 i:?e the sediment was rock tinder the flocculent 
covering saterial, Mud Lake lies primarily in 
Sllui-ian sedilv.entary formatloas consisting of slate 
to sandsti>ne, congiomerate and Limestone. The 
surficial deposiis surrounding the lake are rnainly 
?>eterogeneoils ti. Lls, reflec:i.ng the underlying 
ge:iiogy. 

Haiton (Pig, 3, Inhie I) is t h e  largest of the 
lakes in the survey with a lake area of about 310 ha 
and a drainage area of 3700 ha. Bolton Lake drains 
into the Cheputneti.cook system via Bolton Brook, 
-. ine lake niargin is lined with Large granite boulders 
ahich are also scatrered over the bottom of the 
lake,  Sweet gale (Myrica gale ) grows along the 
shoreline, Tkier-e is a sand beach at the access road 

where a srcnli feeder stream eaters :he lake. Tile 
bedrock on which the lake lies is Devonian granite 
and the surficial geology consists of bedrock out- 
crops wit11 sose tiii and morainic deposits. There 
are two or three cottages and fishing camps on the 
iake. 

Xheacon Lake (Pig. 4 ,  Table 1) is :I0 ha in 
area and is situated on a low poinr forming the 
eastern arni of GhamcookBay, Its proximiry to the 
coast influences the water chemistry greatly, Much 
of m e  lake drainage basin is thinly soiled with 
spruce-fir vegetarian and a Lot of rock outcrop. Th.e 
northeastern portion of the drainage basin was 
hcrnnd in 1958 resulting in much young growth of 
poplar and maple, This fire may have had some 
influence on the water chemistry of the lake as 
weil. Tke sE>orrline is rocky wit11 patches of 
horsetail s (E'q'quksetuni) , reeds (sparganunj and 
pickerel weed (Pontederia cordataj, particularly 
near the inlet (at che end nearest the road) (Fig. 
10) where i-.onsiderable si-itation tins occurred. The 
bedrock uiiderlying rhe Lake consists of Silurian 
sedimentary rocks, hie to its unprotected location, 
the lake is usually ais~urbed by sea breezes, Two 
cottages were observed on the lake margin, 

STEIN LARE 

Stein Lake (Fig. 4, Table 1)  at 5 ha is the 
smallest of the lakes in the survey. It  is situated 
in a basin of bedrock with rock bluffs rising on 
each side. The inlet (north) end is marshy with a 
large patch of aqtlatic grasses, Huch dead standing 
or submerged timber and snags line the shore. The 
lakc Ls In ;he arly stages of senescence d t h  the 
formation of quaking mars of dead vegeration at the 
outiiow end. The lake bottom 'has accumulated a 
cnnsiderabie dept?~ of laose mud and flocculent 
material, hiost of the drainage Sasin is Devonian 
granite but Devonisiri sedi.ments underlie the southern 
margin nf tlre lake, Nost of the drainage basin is 
bedrock, but sone outwash delta occupies the 
southwesterii corner, 

GREASEY LAKE 

Creasey Lake (Fig. 5, Table I) m d  Kerr k k e  
are both in the Bocabec River drainage. Crcasey is 
a small (19 ha), shallow headwater lake whose outlet 
stream joins the oratlet of Kerr Lake, The drainage 
basin is bedrock dominated by some glacial moraine 
deposits, rue shoreline is treed with spruce-fir 
and three cottages are on the lake, Due to the 
shallowness of the lake (maximum depth of 3 m ) ,  
there are cofisiderable expanses of emergent vege- 
tation, A aarrow gravel beach extendi.ng froin lake 
to a rocky bluff Ims formed along part of the 
eastern shore, Tne lake lies in a shallow pockec 
developed in 3evonian granite. 

Xerr ~ s k e  (Fig, 5, Table 1 )  is a larger lake 
( 1 7  na) ihcJi l  i'reasey acd or considerably Kreater 
depth ( m i ~ x ,  12 in). Tiiere aar %any rock outcrops 
aior>g tlic ~ake margin and jiltring above the lake 
iarfi;crz [Fig, 11) .  Much oi t he  shore of t i l e  
sor~theril p-18 ifi l i n e d  dith sweet gale, The northern 
half of tre lake ires on Devonsan granite and the 
southern h a ~ f  I1es on a slightly older gabbro- 
dlor~te i ~ n ~ c ~  There are glacsal noralnes at both 
tne northern and southern (outflow) e ~ d s  of tne 



i . ; k e ,  Kerr I,&e receives the effi.uent of two other 
lakes, Nevigatior; l a k e  arid ticCt?l.loughqs Pond, It is .. . *,:ie or r n e  nore ltigiily utilized lakes for recrea- 
L i < ~ , . < r l .  purlirises 4 i  sti severai coiiages oii L i l e  
*i2argiz. 

Yil,:, LAKE 

X i i L  fake (Pig- 6, Tzbie I) flows into Lake 
':topin through short iarerconnectlng stream, A 
dam rontrcLs the ourfiow ar the outlet.. A gravel 
- -  .. 
i i a d  riins along the wesrerri edge of the lake, and 
t.ni.re are two or three cottages at the southern enti. 
-. 
r i le rostcro aargin rises abruptly in a rock bl~iff* 
T I I ~  ittade~-lying bedroi:i of most- o k h e  drainage basin 
i c ;  Devonian granite, but there is a wedge sf 
Sl1i;riai: slate-sandstont. on the southeastern corner, 
Tne mail; feeder sacax of the lake flows rrirough a 
f si  c; y er:ceesive oucwa.;h delta, aiid this (northern) 
e:d of r.ho lake Is aarshy, rest of tile 
siioreiirie Is rccky with a gravel beach derived from 
norairiic deposit<; ar the southern end (Fig, 1 2 ) .  

:"isijtiitc) k ~ k e  (FigI 1, Table 1) is -;he most 
isolated of the lakes surveyed, the access road 
beii-ig 32 kin Long an2 requ-iring a 4-wheel drive 
v e h i c l e ,  T;le Ir;~irtage basin consists of bedrock and 
rnorotnic material (Fig, 131, Tree growrh ls scrubby 
d ~ ~ i i  r i l  s p r u c e - f i x  arid lai lk ( P i t i u s  j i d i L k s i ~ l i l d )  

w i r h  sime bare sandy patches, Large granite boul- 
ders i;cc:iir along the Lake margin and are visible in 
pi.aces extending zibove rhe lake surface, The bed- 
rack is Devonian granite, and the ratio of drainage 
area to lake s~~rfdce area (4'2) is low, merefore 
Xasqultc Lake should be one of the more sensitive 
lakes in riie sl.rvoy, 

ROB15 HOOD LAW 

Robin Hood Lake ( g i g ,  R ,  Table 1; has the 
ldrgcsr ratjo of drainage area to inke area of any 
of the lakes ii~ rile survey (44-8). Robin Rood lake 
is e Fairly popular recreational area wit11 five or 
six c:otiagis oo tile Lake. ' l he  rnargin of the lake 
cooslsr; ri-rlaly of rock oiztcrop and trees growing on 
sai1d.y soil, except at the mouth of the inflow stream 
whic!~ is raarsiiy ( F i g ,  141 ,  and where &era are 
extensive areas of submerged vege~ation offshore. 
%st of tile drainage area bedrock cosists o f  
Devi?r;ian granite, birt a smalL wedge of Silurian 
sedimentary formatioai does extend into the drainage 
area, 

Cilis?lo?n~ l a k e  (F i g ,  iii Table I) is a very small 
lake (8 iha), siruated in the New Rrunswick highlands 
t~ the east of Sainr Jokin, It 'is a private lake 
o-mwd by a fisliixg club t h a t  has a fishi-ng camp on 
it ", Chisiicilm Lalce is a very ska:low laice, probably 
'. - ii,r greatest depth being 2-3 m, with a shoreline 
vegetation com~osed of sweet gale and spruce ( P i e e a  

m sp.). ~ncl en:-lrx 1.aXo :ws a thick growth of sub- 
merged vegerntion, :?;isholm Take is situated on 
niucli older hodrock Lorntttkons than are the other 
i akes,  being i na i n i y  Prrciimbriar:. grani te-ddiorite- 
gnbbrii complex wit11 somr Precambrian sedimentary 
1~0i:li- li~e lake h i ~ r r t , m  1s coarse cobble cltrerialn 
w i t t i  coi-.sl derable organic C lot.. 

%;,"i'VF?LL, PATTEilN DURING TLiE WKL SURVEY 

The warher for tile summer of I 9 7 3  was charac- 
terized by lower chan r~ormal rainfali iri July and 
At~gust (Tafle 2, iig, 15). This dry period was 
reflected 111 tile total ionic concentration i n  the 
iakes -&ici: rose silarp3.y throughout July and August 
as the water level fell. (Fig. l b ) ,  T i i s  increase in 
ionic co~~ccntration is no doubt  artr"i'@utablc i-c the 
combined effects of evaporarion and relatively 
greater aiiicunts of ground water input compared to 
atasspheric inpi dirring dry iie3rii;ds. The low 
spring conci.ntra:ions are :lo doubt due i.0 the large 
iriflux of water from snow and ice melr in April-May, 

Whcthcr or not the influence of precipitation 
on water ckenisp,ry was due to local inpr~ts, such as 
from rhe Saint .Jolhn area or frnrm more remora inputs 
%a6 of some concern, Figure 17 show3 ~1~m1il?~itive 
wind verrors from weatiser data recorded at the Saint 
John airport for the months of ?ay-September 1978,  
during wli ich  tixis the Lake survey m s  carried out, 
A south-soi:ti:westeriy-soii"LerPy flaw of hir strongly 
dominafeci che southern New Brm~wluk weather systems 
for these inooti~s, The Location of each of tile lakes 
surveyed is also indicated in Fig. 17, It is 
probable "cat none of these lakes shoiild be very 
much affected by Saint John atmospherli? effi.tients as 
these would flow priniariiy to the north and north- 
norri~east sectors from Saint John?, Pabin ilood h k e  
would probably receive more than the other nine 
lakes. In !he dnter months, the main -wind 
direction was oorthwest aiid north-northwest, so tliet 
the lakes m u i d  not be affected to any greatextent 
dtirir~g the winter aonihs either, The rainfall 
during r h r  sumner months was mainly  associated wLth 
a souther::- f i o ~ ~  of air (Fig. 14) as bmulci be 
expected, Tt woi i ld  ;;rohabiy Se of inrerest i n  
fucure surveys to stuly some lake.: in tile norcli tc 
noreli-nort'i,t?ai;t quadrant fro= Saint John, 60t many 
lakes occur north to north-northeast of %i?r John, 
iiowever, ncr would the bedrock type Lead one to 
consider tl-.e hrea part1ci;larl.y sensitive co 
ncidlf ication, 

LAKE TaEMPEPIASIIXES, C!~NDl;CTlxiITLrJS, tA3 pH ' S 

%st (15 ;he lakes in the survey iiacl similar 
surface temperatiire regimes through Xay-September 
(Table 3)- Temperatures were variable i:? Yay, 
depending on diether any ice cover remained ic the 
lake, Chi~iio Lxi lake was almost ontire1.y ice covered 
in b y l i  w i t h  ar:iy 39-50 r1.i of open water along the 
margin. 'Hxing had probably noc occurred in 
Chisholm lake in Fay3  bizt probably had in the other 
lakes. Kerr Lake elso kad considerable floating ice 
in May, Stirface temperatures typically rose into the 
Tow to mid 2riP s in July ar:d Augiist, then 'began to 
fall again in early Sept-ember, The surface tempera- 
ture regime of biton -Lake was c?xceprional in that 
warming occurred ~riore slowly, so that temperatures 
in June *ind July w r e  4-6°C below those of other 
iakes. 7?1c rare of cnolirlg in the Fa1 1 appeared 
siniP,ar t o  that i l f  other lakes- The s low warning is 
no doubt dt.r to i-he large size o f  kltsn lake so 
that warming during the spring turnover 1% -nore 
gradual, 



- :i:e c o a r i ~ i i t l v i t i e s  ( T a b l e  4 )  measured d u r i n g  
ti;? Ya:: sarnr l ins  were probably  e r r o n e o u s  a s  ;he 
z:ecei. was iuirc tinilirlg e r r a t i c a l l y ,  7 a l u e s  c a l c u -  
- .  
..a:.esi f ~ u ; : ~  io,?isc l e v e l s  may be c l o s e r  t o  c o r r e c t  
v a l r r e i ,  Yo$ii o i  t h e  i~t'lii-r f L r l d  n u a s i l r e a e n t s  seem 
rii.asui~ah:r ox::ep~ t i i s e  f o r  Greasey t a k e  i t i  Angust 
and  S e p ~ e n i h e r ,  <tnd che measurement f o r  M i l l  -Lake i n  
J i i I y ,  Some r ~ i  :he p r o b j e a s  w i t h  ti-ti? e a r l y  n e a s u r e -  
;~a~ii;ts n:ay i l a v r  been due t o  i r r e g i i l a r i t i e s  from 
n e l t i -  i c e ;  -ic;i-ever, t h e  v:atar samples  imd eonduc- 
+ j v i V ~  . , , .es  were usual1.y taken  i n  c l o s e  proxirniry,   he 

rneaii c o n d u c t i v i t i e s  a r e  probably  v e r y  n e a r  t h e  t r u e  
::earl..; means,  i n  g r s i ~ c r a l ,  t h e  l a t e  smrner v a l u e s  
a r e  h i g h e r  t?ia?? ';li1:)sc f o r  .June-July, due  to  the  
i n c r e a s e  in  i.,il i 3 a c c n e r a t i o n s  d u r i n g  t h e  d r y  summer 
m o c ~ h s ~  Xt,d, YdLi, S t e i n ,  and kfs.eaion i d k e s ,  which 
Ziave c c n s i d s i - , i k i c  sei i i r ier i tary bedrock  i n  r i i e i r  
d rain:ag;c ! , a s i n s ,  have  h i g h e r  c o n d r i c t i v i r i e s  t h a n  t h e  
renL 3 i  t he  l a k e s  which a r e  s i ~ - u a r e d  on g r a n i r e -  
d i o r i t e  i,e:lrcck, %:xi. of t ke  high conduc" ,v i t i es  of  
S ~ e i a : ,  iioii p r t ; c : ; l a r i y  theator1 : a k e ,  a r e  due to  
L. stCgh . xnf and Ci- con::er , t rat ions from cxeanic  s o u r c e s  
T i e  h i d h  c o n t u c t % v i t y  u f  Ffd  Lake, however, is due 
to k i g h  hi' x r d  I:i:O~- l e v e l s .  "Pie hlg'tier 

ei!nciact"Lit iei :  o f  Xerr aid Creasey  t z k e s  compared t o  
3 o l r o n  .&re a l s o  a  r e f l e c t L c n  of  h i g h e r  s a l i n i t i e s  i.n 
t he  former :&ices, % y e s  and An:hony (1958) g i v e  
v a l u e s  of 50 siii 23 f o r  conii ivl . tkes of  Creasy and 
Xerr  Lakes ,  r o s p e r r i v e l y  - v e r y  cLoee to  my mean 
v a l u e s  o f  26 m d  28, r e s p e c t i . v e l y ,  

The ;;firs or t h e  l a k e s  ( T a b l e  5 )  were Lower i n  
May--June t h a n  l a c n r  iii elie sm.Irner due to  t h e  a c i d i t y  
o f  tile, snow and i c e  n e l t  water  d r a i n i n g  i n t o  t h e  
i a k e s  s t  ch f  s t i m e  o f  yeli;, The pH's o f  t h e  t h r e e  
more diburia  l a k e s  jCh'iskolm, & b i n  Hood and 
Xosqi i i to )  were iiowcst xisri",il mean l e v e l s  of  S,R-6,0. 
C r s a s e y  , K e r c ,  ai;d hj l io r :  k k e s  w r e  i n t e r m e d i a t e  
w i t h  aeafi ;7iivs o f  b a  l -7*Oi .  The f o u r  l a k e s  -&ti: 
i i g i i ex t  cc ;cduc t l i ; i i t i es  * e r e  !:liii, X i i l ,  S t e i n ,  and 
Wheaton, a l l  i a v i i l g  mean pH's g r e a t e r  than  7 - 0 ,  

CniorFde  lor:s ? r e s e n t  i n  i reskiwater  l a k e s  a r e  
i :onsldered to be d e r i v e d  e n r i . r e l y  from oceanic  
s o u r c e s  (Gorhain 1957, 1958; d a t t  e t  ai, 1979) .  i n  
acoorder;ce w?.rh t i i s ,  it i s  coraioal y found t h a t  
Cl- L e v e l s  a r e  i i igher  in l a k e s  n e a r e r  the  c o a s t ,  
C l e a r l y ,  chis is  t r u e  f o r  the  l a k c s  i r i  the  s u r v e y  
( T a b l e  6A, 3; F ig ,  19) Where Cl- L c v e i s  r a n g e  
f r o n  abcui :?GO jreq.!l, i; \&eaton l a k e  (0-4 from 
t h e  c o a s t )  t o  about  30 C l e q , / i  i n  Mud and B o l t o n  
-Lakes (abou"0 km from the  c o a s t j .  The l i n e  o f  
best :it d e r i v e d  by Gar~way ( 1 9 4 2 )  f u r  Xerth &.erican 
f-- .I- --.. ter  i wit n g e n e r a l  i s  Lnciuded i n  Fi&, 19. Tile 
agriiczment is  f a i r 1  y good, a l  tiioiigii t h e  d a t a  i n d i c a t e  
a sonewf?r,t g rea l re r  d e c l i n e  ia G i -  w i t h  i n c r e a s i n g  
d b c r 3  ,Y,, I IC~S  f o r  t h e  f i r s t  20 I.:m from the  c o a s t ,  iocal ;  
v a r i a t i o n : ,  i.n +rind and r a i n f a l l  p a t t e r n s  may a c c o u n t  
f o r  v a r i a t l - i c s  from tile g e n e r a l  t r e n d ,  

-7 !ne  may .+arn~li i  From Chisholm Lake c o n r a i n e d  a  
l a r g e  Erac tici-1 of  mel t wacer a s  t h e  sample was taken  
a t  cilc e d g e  zif t h e  i c e  c o v e r ,  .As a  resul ."cf  t h i s  
l ee -wacer  d i l u t j . o n ,  c h l o r i d e  c o n c e n t r a t i a n s  ( a s  - w e l l  
a s  t h o s e  o f  c t i i e r  i o n s )  i n  tkLs sample were much 
l o w e r  t h a n  c o n c e i ~ t r e i r i o n s  iz s u b s c q u e a t  samples from 
Cliislioloi TA?ke. iis c  r r s i i?  t o f  i h i  s d i l u t e  sample,  
s o ~ o e  o f  tl:~ c n i c u ! a i l o n s  made i n  r e g a r d  to  c M o r i d e  
and sndirm L;;r,s have been ~ e r f o r m e d  both  w i t h  and 
w i t h o u t  t h e  Criishol.n -k"x d a t a ,  Complete s e r i e s  o f  
i o n  a n a l y s e s  (bky- -? .a ie  Sent .) were o b t a i n e d  from s i x  

. . 
o t i i e r  iakes - Xiosqr:iton, Creasey ,  K e r r ,  Mill, S t e i n  
and Wi:n;ton, .All of i h e s e  s i x  l a k e s ,  e x c e p t  >fill 

-4- 
i s k e ,  shod s i ~ r i i l a r  s e a s o n a l  ",rends i n  Ci- c o n c e n t r a -  
t i o n s ,  This t r e n d  c o f i s i s t s  o f  a  d e c r e a s e  i n  [CI-]  
from Yay t o  June by about  20%, a  r i s e  i n  co i icen t ra -  
r i e a  of  some 20% frerr: June  t o  J u l y ,  and no change  
frcio .July iuiei? l a t e  Seieptercber diet1 the  c o n c e n t r a -  
t i o n  g o e s  up b y  a n o t h e r  20% (Table  6; Fig, 20, 
m i d d l e  r a a e i )  ., ' % i s  s e a s o n a l  t r e n d  in  61- 
c o n c e i ~ f r a t i i , c  Fa i n t e r e a t i n g  k r ; a , m e  i t  d i f f e r s  from 
C ~ E :  t r i ? i ~ i s  exM b i t e d  by t h e  o t h e r  major i o n s  
inc11rding &a+ ( a l s o  main ly  of  o c e a n i c  o r i g i n )  
The c o n c e n t r a t i o n s  of orl ler  i o n s  i n c r e a s e  LllrouglivuL 
t h e  srximer, ciiec d e c r e a s e  i n  l a t e  %$ember, 
f o l l o w i n g  tile p a t t e r n  f o r  t o t a l  i o n  c o n c e n t r a t i o n  
( F i g ,  I h )  f o r  r e a s o n s  d i s c u s s e d  i n  a p r e v i o u s  
s e c c i o n ,  S i n c e  Cl- i s  t h e  main a n i o n  in p l a a i  
c e l l  s a p ,  we s p e c u l a t e  that perlmps t h e  d e c r e a s e  i n  
c o n c e n t r a i i o n  from ?lay t o  June  may c o i n c i d e  with 
i n c r e a s e  i n  l h y t o p i a n k t o n  a n d / o r  macrophyte biomass 
which reat?-ves from che water I.  The poss i -  
h i :  l z y  of a  s y s t e m a t i c  a n a i y e i c a l  a r t i f a c t  c a n n o t  he 
exc luded  e n t i r e l y  e i t h e r ,  S i n c e  t h e  w t e r  samples  
were n o t  f i . i t e r e d  to  remove p i iy top lankton ,  i n c r e a s e  
i n  macroplnyfic biomass seems a more r e a s o n a b l e  
explana t l ion ,  The marked i n c r e a s e  In CI- i n  l a t e  
Seprember m u l d  c o i n c i d e  w i t h  d ie -of f  of maerophyt ic  
vegetat ior: ,  % i s  Q- u p t a l a  would n e c e s s i t a t e  
exchange  w i t h  e i t h e r  a n i o n s  ( p o s s i b l y  K O 3 - )  or 
u p t a k e  of ari e q u i v a l e n t  amovrrt of c a t i o n ,  b s u l t s  sf 
f u t u r e  surveys  d l1  be i n t e r e s t i n g  Ilo see  i f  s i m i l a r  
t r e n d s  o c c u r ,  

S l n c e  CL- 1s preimied to  be e n t i r e l y  of  
o c e a n r c  o r z g m ,  the  , ? ropur t lon  o f  t h e  v a r i o u s  o t h e r  
lo l i s  d e r i v e d  from t h e  ocean rs c a l c u l a t e d  from Ci- 
c o n c e n t r a t l o p s  and molar r a t r o s  of tire v a r i o m  i o n s  
t o  CI- f c r  s e a  water  

As WT"I Cl-, Xa7 is  m a i n l y  o f  o c e a n i c  o r i g i n  
(Gorham 1958).  ~ k c o r d i n g i y ,  t h e  laekes n e a r e r  t?ie 
c o a s t w e r e  e n r i c h e d  iii ~ a * ,  a s  t h e y  were i n  G I -  
( F i g ,  21>, ' b w e v e r ,  t h e  l a k e s  sampled a r e  
a p p a r e n t l y  e n r i c k e d  i n  jw. r , r ,  a-) when the  
e q u i i ~ a l e c t  r a t i o s  of t h e s e  w a t e r s  a r e  compared t o  
rha: c,f s e a  water  (Fig,  22) i f  mean v a l u e s  a r e  coc- 
s i d e r e d ,  The ~ a ~ : ~ l -  r a t i o  f o r  ^&eaton Lake Fs near  
ikzai. of  SF% w a t e r g  bur t h e  r a f i o  i n c r e a s e s  l i n e a r l y  
w i t h  i n c r e a s i i i g  d i s t a n c e  from t h e  c o a s t .  T n l s  
- ~. ihbbtern ear, he e x p l a i n e d  hy assuming that about  20 
i:eq ./L o f  X.a+ i s  d e r i v e d  Front o t h e r  soairces , and 
t h i s  i s  r e l a t i v d y  c o n s t a n c  Ear dl. i a ' w s  ( T a b l e  7 ,  
l a s t  column), S i n c e  t h e  t o t a l  ariiomts of Q- and 
?baa+ d e c r e a s e  wi th  d i s t a n c e  from tine c o a s t ,  t h e  
a d d i t i o n  OF a  c o n s t a n t  20 p e q , / L  o f  &?ai a c c o u n t s  
f o r  t h e  i n c r e a s i n g  r e t i o ,  T h i s  assr%mption may ;lot 
b e  r e q u i r e d ,  however,  i f  iSI- i s  s e q ~ e s t e r e n d  f o r  
mvsi o f  Liie Sunnier i i i iv  dii i n a c c e s s i b l e  compartment,  
s u c h  a s  p l a n t  biomass - as d i s c u s s e d  i n  the  s e c t i o n  
d e a l i n g  with S i n c e  c e l l  s a p  c o n t a i n s  KCZ, 
r a t h e r  than & C l ,  sodim is nor; t aken  up a s  i n d i -  
c a t e d  by tile d i f f e r e n t  s e a s o n a l  p a t t e r n  (Fig, 20).  
Accord ingly ,  t h e  a p p a r e n t l y  e x t r a  o c e a n i c  bJa4 
f r a c c l o n  should d i s a p p e a r  o r  become m = d l  .&en 
Ci" is  r e l e a s e d  i n  t h e  f a l l ,  o r  b e f o r e  i t  i s  
s e q u e s t e r e d  i n  t h e  s p r i n g ,  Zii agreement with c h i s  
c o n c e p t ,  -the c a l c u l a t e d  e x t r a  o c e a n i c  ~ia+ f r a c t i o n  
u a s  i w u a l l y  low i n  the  > k y  and l a t e  September 
samples  ( T a b l e  7 ,  i n  p a r e n t h e s e s ;  F ig .  20, bottom 
p a n e l ) ,  Na7:CI-  e q u i v a l e n t  r a c i o s  f o r  t h e s e  months 
a r e  n e a r e r  t h e  seazwa.ter u s l u a  (0,857) for  most Lakes 
( F i g ,  19, bottom p n e l )  



.b o;asi;l~an e!~ncectrarinns varied froto 3-23 
prq,!I, 4n '_lie Lakes s.i~npied (Table 61, Mud iake was 
norable for its hi$S! K* concentrations. Most K+ 
is of terrestrial origin, the estimateti mount from 
oceanic sources ranging from 1-4 ;ieq,/L; although in 
the case of lu%caroo arid Stein Takes, this -nag amatmi 
to neia-ly 502 cf the total iC, The fact that IZ+ 
does not follow :lie 6easnnal Fi~ctiii?tions tha t  8- 
does is i~~ieresiing. If the hyporEiesis that CI- 
is being seqiiostered into macroyhyte vegetation m r e  
correct, one might expecr K+ to follow a similar 
Dartern* Tt musr be kept in mind, however, that the 
%.' dissol;~cd in the surface waters is but a s~ndi 
fractioi. uf the  changes 'in 61- levels, Potassium 
~. 
ii bound tightiy to organic aaterials, and much of 
the required KT may have been stored in roots or 
deri.ved fro= iake sediments, 

"iaifaie coi~cen traricns veer of lpar ticiliar 
i!~tdr<isi: since isuch of the ii~creasecl acidity of 
prei~ipit;it;i~r: In ensrsrn Gnsda ims been attributed 
to fiiiifuric acid (Summers nild bjheLpdale 1976)- 
iiowever , tile sal face coeceiitri+tions in siirface 
waters of ihe lakes siiou, if anytiiing, an inverse 
correlation wirh pEi (compare Tables 9 and 5 ) -  %is 
is sot. imexpected, since there is no reason to 
expect more sulfate input in one region of the study 
area than in arty ~iii'~er - as discessed iil  %lie section 
deal.irig wl ih wind and precipitation patterns. The 
average sulfate cni~centration in precipitation is in 
the order o f  62-76 i ieq,/ l  (Sergeant and Zirko 1978)- 
Ti!erefore, p r r c i p i  tation is probably rhe major con- 
tributor of SOqz= t n  iliesr lakes; ;iawever, some 
o-: t i - , is  SOL' is derived from sea salt, %,e 
estlinated input frcin c~ennic sources (Table 9) 
ranges Proin 47; in tie more inland Lakes to over 2G% 
f o r  >%eaton Take, Soom of the h i g h  S O i =  levels 
in I h d  and Stein Lake. .. may be biogenic, originating 
fro% the accirnt~! ate<? FLoccui ent sed inents covering 
i: ,rie Lakc. bottom. Smith (19523 reported SO4" 
levels of 103 ucrls/li for &?rr and Creasey :.ales for 
mid-0e tober - values pracrrically identical to the 

Se~remSier cnncentratiofis for these Lakes in 
L978. 

Sbnificanr amounts of ?gt+ i.n the lake 
surface water is of oceanic origin, ranging from 70;6 
for :*fi;e;ito:i and Xosqi;ito hies to 15% for Wud artd 
hlton Lakes (Table LO). Steia take is exceptional 
in IL?vI:I~ c hj$h :&* ccooienf of apparenrlly 
exrra-ocean lr origin, The an.ol;nt o f  h.&* derixved 
from terrestrial. sources correlates -ell wit11 the 
bedrock type, %ose lakes situated on granite 
bedrock j Ci~isiiolm, b b i n  Hoed, Y o s q t r i  to, kaasey, 
Kerr) have low ~ f *  level s, while those >&ch some 
sedimentary rock i n  the drainage basin (Xuci, V d l T ,  
Sreinj have :high Q* levels from nor,-oceanic 

.- sources, wheaton Lake is somewhat anomalous In that 
the zlicon-oceanic Mgit fraction appears low, when its 
bedrock type is taken into consideration, 

'fie caicirn! Sicarboaate system provides the 
primary h i l i f p r  systi 'ii  i n  fres1: warel- (Garham 1958; 
i3errikseii 1979)- TRierefore, the levels of ibese 
ions it? lakes exd streams; arc important bhea 
assessing possibi e impac ts of acid precipitation, 
I n  general, those lakes Whi.ch had a iiigh eon-oceanic 

fcacil.an elso b v e  h i ~ h  Ca* couceatriitbons 

(Fig, 2 2 ) -  rCa*"-i,h:iwever, differs Eron, 
elinn for '41:;ii~aton iaks, i.? that it Ls airnost encireiy 
derive!; : rotcr -on--oceanic so~~rces (Table ill ,  Mud 
Like is i~o.a?; le  lor its h i g h  level, C a i c l ~ u i i  
tended ro conce~-: t-rate tirrntig'h,,ut the suminer as d i d  
moot ions, 

i5icarbunato " i n n  Levels present in the Lake are 
critical. in assessing lake sensitivity to acid 
inputss, The concentrations of bicarbonace are 
similar to those of CA* (TabLe ll), as wiuii3 tx 
expcted, given rhe coraaon sources of these Pans, 
None of rhe lakes receives significant bicarbonate 
from occiaaic sources, True a?kaiinniry is difficult 
co measure, afiarticularLy in stored samples, so that 
one series of field measurements bas ziso carried 
out in late kugiist (ti cration curves in Fig. 2 4 ) -  
These resu:te are conpared with the early September 
laboratory Iaeasuremen tb (Table 13). Fixed e n d p i n t  
determinations cveresr:ina"c rrhe bicarbonate levels 

332 v e q . i L  (Renri'ksan 1979;, For the field 
neasureneiits, the f i x e d  endpoint determinations 
averaged 1.8 14 eq,/L hig.her than chr total inflection 
poke method, and i 3 u e q . j L  i i l l ghc  then the labora- 
tory value:; whicir *re pzrfi?;-roec? 2 wk later, It is 
probable that most 05: niy values jT"i'~ble 2) over- 
estimate the true bicarbonate concentrations by 
15-20 j e u . l i ,  

Clear-Ly k b i r ,  Hood, %,squlto, and Ghl shnlz~ 
Lskes are the 1.akes mast susceptible tii damage by 
acidic precipitation, as their cnneentrstions of 
liCiS3- briSfer are very low (5-25 C' eq./L). &rr 
and Creasey are scmeAat better buffered at 4C-50 
iteq,/L of li&U3-, Mill, Stein, Wheaton m d  &Iton 
lakes all. 'have 20'1-153 ueq,/L o f  HCCij-, while 
?<ad Lahe is very highly bdfered (>58ti ~.ieq,/E?. 

h L-. ,carbonate ct;neentratl.ons in the ialkes are 

linearly related do ::he &'"l eoncentrations 
(Fig. 251, the l.ine of bese fit having the equation 
jHCi13-] = -.$2,33 +?,93 '~2 ,*] ,  Xqtiations for this 
ralatio~ship for the ex~per.J.mectrl lakes area 1:n 
Cmtaric, acd for i-arthwesteri~ tiorway were: -25 -+ 
1,32[~a*-; end .-32 -+ l , 4 2  j~u"], respectiveby, 
tiles+ equations b e i q  corrected for the 32 ;?eq,/I, of 
9C6-3- overes"i-iinated by the to "il P'axed i r ~ d p i i ? t  
determinations. A siniler correction for my d a m  
{assuming che estinrate of true ilCBj- 1evel.s is 
correct) +muid lend to an liicercept of about -40 
ueq,/L, TIie slope of the equation for New Rfunswick 
lakes is also oo~ewhat lower ti-17 rhe other two 
equations. A sl.cpe > 1.3 indicates tlmt anionic 
species other rhan bicarbonate cofitrib~ite to 
alkalir~it::, and a slop - i * G  indicates ""caiciirm 
b-lcerboniite" is the only butter in rke sysren, A 
slope <i,t (as far my data) presumably indicates 
rhat ~;l* is not the only cation associated with 
alkalinity* 1"45* may be constituting the 
addittonal carionic component - amounting to about 
72 for my data, 

Heavy m e t a l  laadii~ge i n  the lia~kes were very low 
for all rnerai s measured {Table 1 4 ) .  Yaognnese ions 
were prese::t in the F S ~ k s t  corrcentratioras of any of 
z h r  metals determi~ied, with eiiWs end Cd* 
following, Illere was no cnrrelatlon amwag any of 
the .tieavy iactals determined ~ I - i t h  La1& pH%* "fie 
only signl.fLcar;t cnrreiarion h-s a psltive one 
between ~ a *  and %*, 31ere bas no i3bbi/iii~~ 
correlntior! *w:th n-mkers of roads or cottages on any  
particuiar lakei?, perhaps because da.ieiapnent around 



any 01 Liirse Itlies is miaimal. These data &ll not 
he diij~ussed Fc~rtili'r, but ilre presented as ;I source 

e - ar -.ai;oline data for these lakes, 

rc. Li,e r:al acce beeween caiions :iind ailions appears 
sat: sfacrory ior lniisr Lake analyses (Table 15). The 
on?!' major discreparrey is the hitoa 'Lake analysis 
i n  ;.irre, where clle aoiai cations analyzed were 159 
b e q . / L  i r i  excess of ehe iotal anions, This is 
attributed to a jrobaS1.y erroi~enus) low iiCD3- 
S e t e r m i c n r i o i ~ ,  'Fillis low aikai inity measurement was 
:lot inciuded iii tile mean HC03- levels for 'jolton 
1 2  Xe . 

Si iica, total dissolved riiirc;ger; :.ad $nosphorus 
were also fnea~iired in eacl: water sample, %ese w i l l  

. . 
no; oe aiscussed, h u t  are inclrided in Appendices - 
1-1 i i - .  

?hc waiilr chenisiry of the lake survey is 
obviotisl y rriared re "Lile berlrock upoii which the lake 
is sisuated (Fig. 231 ,  Lakes with extensive sand- 
sro-?e focicatinns J.n the drainage basins, such as 
Xcd, Wiiearon, Striin and >Ii11 Lakes have higher con- 
centrations of hi- and HCD3- than do lakes situated 
a!:rcisr eiit::eiy ori granitic formations. Variations 
occiir wi t:ii n this latter group however, Yosqui to, 
Kobi? XooC and Clisiioirr lakes are much Less buffered 
than arc k:r,  Creasiy and Boltan Lakes, %is may 
be reiaceii to tile cst~~posici.on of the bedrock or to 
rhe cilirac tori.scics rif the drainage, 

i;bvioiis l y  ?bsqiiito, kbiil Hood and Chi shoim 
Lakes mist  oc cor~sidered mosc susceptible co acid 
si rcs!;es of  he ten lakes in the survey, Tlie 
b i i f f c r i n g  c;ipnc-ity 17f b b s q i i i t o  L ~ k e  in particular 2s 
nenr zero, so tl~iit ihe pII could cbnge rasidly if 
nr ;d stress is a f  influe~~ci? on tile lake chemistry, 
'i"r- is iskc also IWS ii lor? ratio of drainage area to 
lake area so c h a r  atnospiier'i.c inputs may be rela- 
tively nore iaportant, 

The sea saLi: "Lnf1ue:lce oil water chemistry is 
iilsc oi)vious h ~ t h  Lakes nenr the coast, Wheaton 
lake, i;~ partictclar, having high concentrations of 
xa4 a ~ i d  Cl- derived alaust entirely from sea spray 
(Fig, 26)- Significarir q~iantities of Xg* and So4= 
are a l s o  of oceanic origin, The ions involved in 
lake buffering capacity, however, are entirely 
derived  fro;^ terrestrial sources as noted previously 
/Gor?~rn 1958; Krainec 1976). ~ a +  and Cl- cencen- 
:rations nay be impor-i ant in pernit~ing fish to 
resist che effects of low pH more successfully, 
since ion ??sses are ?.robably the primary effect of 
Low p i i  on fish ~popircions (1,eivestad et al, 1975; 
Swart.; i!t a.li l9783. G?*, however, is probably 
of mure i~lportance in this regard. 

Ions w~ich are rcosi likely conrribu~ed in part 
from che arnosphere, in aidition to H+, are So4= and 
and  KO3-- T r  may be noted that SOL= is more miform 
L ~ I  its disti-ibutioc among the vari.ous lakes than are 
t l i c  otilcl- i:,nn, bcii ig almost as high in coneen- 
tratinn in the more dilute lakes as in the more 
nighiy concc?~~trated iakes (Table 9). Tfie total 
SOLc iii e ialii? 1s probably from four different 
sources - oceanic, geolog lca:, atnospheric and 
bingefijc., i?ie amnunrs d e r i v e d  from sea salt lave 

been estimated, b ~ c  tne relative importance of the 
otiier ekrile sources is con.jectural. Ir is probable 
t hac  a c:>i:siderabie proportion of tile I k d  Lzke SO4= 
is o f  tilogenic sources, considering ehe amvnoiints of 
decaying ?Lai?r macerial present in the Lake, Tnis 
may also be erue of Stein Iake .  On the orher hand, 
the SO4= conterit of Ynsquito Lake may be largely 
of armospherir origin, m e  SO4= derived from 
geological. and cceaiiic sources would ?x balanced 
largely by and Ck* ions, whereas those from 
atmospheric srjurces xoobd isr balanced by P?, Inspec- 
tion of ;me residual ?4gH and ~a* ions in Mosquito 
laicl; (afci-?r subtraction of NCO3- concentration) 
would i.ead one to estimate about 40-50 ueq./t of 
SO4= to be of atmospheric origin* 

-7' ihere are little Mstorical data on si~lfate 
levels in these lakes, bur what little that does 
exist suggests no increase i n  sulfate loading in 
recent years. The sulfate concentrations reported 
by % i t i ~  (1952) for Kerr and Crensey La'kes in 1941 
are ident icai to those obtained in our surveyl 
S1n;ilarl.y the pH% recorded by &d"c for Kerr and 
Creasey lakes in the early 1946% are virtually 
iderztlcai LO those measured in the 1978 survey, Ar- 
most, a 0.211- 3 drop in pH might be conjectured, but 
changes of rb.is lnagnitude are well within the range 
of seasonal fluc"cilartons and may not be significant- 
Historical data on lakes, such as ksquito and Robin 
Hood, which Fave li-ctle buffering capacixy 
remaining, would have priiaps given better 
indicatior: o f  gX cbnge, 

Considering the weather patterns 67hii:h hriag 
precipitation to the area, it is probable that any 
atmospheric inputs to the Lakes in the survey are 
derived primarily from sources outside the 
province. 

Mrect estimatien of the degree of lake acidi- 
fication o-~cr the I.ast decade or so is difficult due 
to lack c i f  illtoricel data. Such data as exist 
suggest minimal. acidification, unlike the c.hai~ges 
apparent i n  the Halifax area (Watt et n l .  1979) .  
Indirect methods aay be wed, such as inspectioil of 
pH and Oaii relationships, or Ca* - IiCO3- bal.ances 
(Henriksei? 1979)- If the data for the New Rrunswick 
lakes are plotted on the pH's vs, ";A* graphs of 
tienriksen, the pints fail in the population of 
lakes he classifies as "unacidified," However, 
comparison of the equations relating KOj-to Caw for 
for New Rrunswick lakes w i t h  those given by 
Renriksen would indiccre a probable loss of alka- 
linity in the order of 10 uei;,/L, Sach decreases in 
alkalinity, particularly in w i l  buffered lakes, 
would resiilr i n  little pH change, A decrease of i O  
peq,,!L for the lakes such as Gceasey or Kerr bites 
might be expected ro result in a p3 cbange of about 
I), 1 pH unit, Gjlaereas a si.milar decrease for Robin 
Hood Lake would result in a pH change of 0,4-0,5 pH 
units, 

If it is true that the precipitation acidity of 
southern Kew Briinswick has exceeded the critical 
Level within the last 5-10 yr, then the pHis of 
lakes such as Yosquito and Robin Hood may be 
expected to change rapidly as a response to the 
increased loading 



1 w i s 1 1  L O  dck.~;o.aIedge L!IC >tbsi:;Laz~ce o f  J* D* 
H a r i i i i ,  Els, J. I,, &tc:alfe,  C. A, Iiiiili~esseg, R, 6, 
Sai inders ,  215, .I, Dick,  J, J, k k i a n s o n ,  Dr. P. 6 ,  
Deye and Dr, D, i ,  W i l d L s U n  e o l l e c t i c g  samples 
f r o m  :he v a r i o u s  l a k e s ,  Mr, P, Q n n e l i  aild M r ,  B, 
-Kir.g i i n d l y  g r a n t e d  us a c c e s s  c i i  Chisholm and & b i n  
Hood L;ittc!9, respectively, ili., M, Pediiieild and Izis 
s t a t :  o i  the  N , B ,  Uept ,  o f  K a t a r a l  Resources  loaned  
us a b o a t  and nocor  firr s e v e r a l  sampl ing  t r i p s ,  The 
Wscer Qin i  i t y  Bianeh,  D e j i t  . of tile Environixent , 
Mrj i i~ ton ,  N,B, g e n ~ r o u s l y  p e r f a m e d  most o f  t h e  
chemica l  a r i a l y s e s ,  Dr, S, Ray of t h e  S t ,  miirews 
I i i o i o g i c n l  Staatio; iinaiyzed t h e  samples  f o r  heavy 
m e t a i s ,  Drs ,  T, Id, P o l l o c k ,  W, D, Cart and J, X, 
Z i n e r ,  Y e s s r s ,  D, J, I ian i leon  and 3, E, b r n e c t  
rev iewed r be maoiiacript  , Dr , .i, Kerokes p r ~ v i d e d  
v a l u a b l e  d i s c u s s i o n ,  

X e s s r s ,  P, 'h', G, Yc?;-i":ii:lon and F, Cunniagh;~m 
p r e p a r e d  t h e  f i g u r e s ,  X r s ,  E, "brCi~l.loitgh typed the 
mant:scri p t  and >is. K. i2ar:let.i ed i t e d  i t .  

B e - i m i s ? ~ ,  K, ,I, 197L.  Loss 05 f i s h  j m p d a r i o a s  from 
irr;i-.ci>?c! i *+ti re;::rjte 1 n!ies i.n Onir~r  i c i ,  &:lade as 
a t  i ~ o ~ ~ s t ~ q ~ ~ t ~ : ~ ~ ~ ~  a t m o s [ > i ~ o r t c  f"al101.1L o f  a c i d *  
Wnj-r K t a s .  t i :  85-9!>. 

e n  :: . a i H k e y  i W 2 ,  k c i c i i f i -  
cation i e t  t h e  La Cloche Ytuxltain Lakes,  
O n r a r i o ,  and r e s d  "rng f i s h  r n o r t a l i t i c ? ~ ,  J ,  
i7:si:, Res-  b a r d  Gin, 29:  11.31-1143, 

B r a e h e ,  F, ti, ( e d - 1 ,  i 93h .  l e p a c c  of  a c i d  
c r r c  i p i t a t i c l n  on fures :  and f reshtiicter 
e c o s y s t e m s  ?n  >;orway, Res. Rep. 6* Sur 
Sedbbrs i ' i r k i ~ i n g  ?a Skog of Fill*:, ii: p ,  

G o g b t l i ,  C, i;., and G, E, I , ikexs.  1974 ,  11ccid 
p r e c i p i t a t i o n  i n  t h e  i i o r t h e a s t e r n  United 
St: i tcc,  Water Rcsour-  Pes, 19: 1133-1137. 

Conway, E. .I, 1942, kk.aii geocilemica? d a t a  i n  
re:at lo; ;  r c .  ocean e v o l u t i o n ,  i7roc. -Roy, I r i s h  
Aaci-?d- 4 8 A :  123-15Yl 

D; :v i s ,  R, B,, M1, '3. 3 c i r h ;  .J, H, B a i l e y ,  and S ,  A, 
Xcirroil. 1978. ik iaiilificatior! i>f %line (USA)  
I".- n k e s  - by a c i d i c  p r e c i p i t n t i . o n ,  Veri;, I n t e r n ,  

V s r e i n .  i l n n o l ,  2 0 :  532-537, 

Geda, IN. R, 1371, w a t e r n a r y  geology  of  southwes t  
New Brunswick w i t h  p a r t i c u l a r  r e f e r e n c e  to t h e  
F r e d e r i c t o n  a r e a .  Geol, Srirv, Can,, k p t .  
Energy ,  Pd/iinee & Resources ,  Paper #71-34, 131 p. 

G n r h ~ m ,  ". ,9557, T i ~ i a  chemica l  e o ~ n p o s i t i o n  of l ake  
w a t e r s  i n  H a l i f a x  Cni:nty, Sova S c o t l a .  Limnol, 
Oceanogr,  2 :  12-21, 

1958, ' f i r .  inf1zienr.e and import-ance of 
d a i l y  weat !~er  c:ondL:ions i n  t h e  s ~ p p i y  of  
c h l o r i d e ,  seilphace and o t h e r  i o n s  t o  frcsl ;  
w a t e r  from a tmospher ic  y r e c i p l  t a t i o a .  
Pk i l ic joph ,  T r a n s ,  Roy, k c ,  -mild. 241: 
147-1 78. 

Harvey, H, 11, 1975, I 'ish ra,piilat"ions LEI a l a r g e  
groiq? o f  a c i d - s t r e s s e d  l a k e s ,  Verh, I n t e r n ,  
Vore ln ,  Limiic? . 19: 2 4 0 6 - 2 4 1 7 ,  

Kayos, Re, a id  E. H, k l thnay.  i958, Lake hator 
arid sed ime:~t ,  2, C r i a r a c t e r i . s t i c s  an6 wsirer 
eilemis:ry o i  soinc C2ni;dian e a s t  a a s t  l a k e s .  
7 .  
i i ~ ~ l i l o l .  ( jceanogr,  3 :  294-307, 

H e n r i k s e n ,  A, 1979, 1 s imple  approach  f o r  
i d r n i i f y i n g  ard measuring ac id i f i - . a t i i c?n  of  
f r e s h  m c e h r ,  Xarur r  218: 542-545. 

J e f f r i e s ,  I:, 3, 1477- i?-vnlrvtinri of  t h e  n c l t l i t y  
com~xjineni-s and t r -a?  d k a . 1  i c i t y  of p e r  ! p i t a t i o n  
and se l .ec ted  l a k e s  i n  the  ? ~ ~ s s l t c ~ k a / ~ % l ~ ~ u r t o i ~  
a r e e -  P ro j ,  R e p ,  iiZiSJ-7703, 17 p ,  ( n i r a e e ) ,  

K r a a e r ,  J. i?, ;976. Geocmixical and I l t i i o l o g i c a l  
f a c t o r s  i n  a c i d  ; i r e c i p i t n t L o n ,  Ir; Dochinger , - 
L. S., and T, A, Se i ige r  ( e d s , ) ,  P r o c e e d i n g s  of 
t h e  F i r s c  i n t e r n a i - i o n a l  S-fliposi:m on Acid 
P r e c i p i t a t i o n  and the  F o r e s t  "kosys tem,  
U,S,D,:\-l, For, S r v ,  &n. Ib_ch, &pi PZ--23, 

i , e l v e s t a d ,  ti,, 6,  i b ~ i d r e y ~  1, P. Huniz,  and E, 
Snekvik ,  i3.76, E f f e c t s  of  acid p r e e i p i t a r i o n  
on  f r e s h w a t e r  i i rgarihrms.  In Impact  of  a c i d  - - 
precipitation on f o r e s t  and f 'resht*mter 
ecosys tems  ii; Norway, F, Fi, Braek'k (etl,). 
S,N,S.F. ProJ , ,  b r w a y ,  i"X 0/76* 

l , ikens ,  G, E,, R, F, Wright ,  J. hf, Galloway,  a d  T ,  
2 ,  B u t l e r ,  '1979, k i d  w i n *  S c i ,  h,  2 4 i I i i )  
43-57, 

s ig i - i l f i cance  of  a i r - p o l i u s i c n -  induced cihaeges 
in b a r e r  qi?aiir.:j. o f  c i i l i l t e - lake  d t s r r i c c s  ir 
t h e  n n r t h n s t  . T r a z s ,  Phrthenni- )Tj SM It-! i 
Cocf , ,  p, 98-i12. 

S e r g e a n t ,  D, B,, and V, Z i t k o -  1978, pH and 
s u l f a t e  d a t a  of ra i r -water  .July t o  Arigust I977 
a t  tile B'hologlcal S t a r i o n ,  St, .Andres&, W,R, 
F i s h ,  %r,  % r v ,  ?.",I; r e p *  li-68, 6 p. 

S t  1. W 9 5 2  iAmmIogy and trout ang l ing  i n  
Clinr:or;.e County Lakes,  k w  Rcuns-dirk, J ,  
m .  i . r sh ,  Ff2s. Board C a n ,  8: 3 8 3 - 4 5 2 ,  

S i m m ,  W,, :and .J, .I* t b r g a n ,  7 Aquaaic 
Chemis t ry ,  W-i iey- ln te rsc le i lce  Inc,, I o r ~ d u n  a n d  
New York, 583 p, 

Summers, D, W,, and 3, M, h%eipdal.e, 1976, Acid 
p r e c  i p i  t a t i o r i  i n  Canada, Water ,  Air and S o i l  
P o i l u t ,  6: 447-415. 

S w a r t s ,  F, A,,  CJ, A, k n s o n ,  and J, E, Wrigi?:. 
1979, Genetic and e n - ~ i r e i i m e n t s 1  f a c t o r s  
i i l v n i \ ~ e d  i n  i n c r e a s e d  r e s i s t a n c e  c f  b rook  t r o u t  
to s u i f u r i c  a c i d  s u i u t i o r , ~  and iraine a c i d  
p o l l t i f e d  v a t e r ,  T r a n s ,  Fish ,  Soc* 105: 
551-677, 

Underwood, .is K, 1979, pH o f  p r e c i p i t a t i o ~ ~  ni:d 
annilai d e p o s i t i o n  of e x c e s s  s u l f a t e ,  a c i d i t y ,  
and n i t r a t e  on Nc>-v2 S c o t i a S  p B  25-34. I n  - 
I r o c e e d i n g s  of  a workshop on long-range 
t r a n s 2 o r t  of  a i r  poLLutLon and its i n p a c t s  on 
t h e  A r i a n t i c  r e g i o n ,  A, D, J, O ~ N e i . 1 1  ( e d . ) ,  



M a t t ,  ir', lie, I). S c o t t ,  ar.d S ,  R a y ,  1979. 
A c i d i f i c a t i o n  arid other cliemical c h i i g e ~  in 
P-'  L * ~ i r a x  " County l akes  a f t e r  21  years. Limnol.  
Oceanogr. 24:  l i 54-1 i 61. 



Table 1, Geographical data or Lakes sampled, 

Distance Approx, Drainage lake Ratio 
from coast elevation area area drainage area 

La ke t -Long. jhkn) i m )  ('ha) (ha) lake area 

:*Lac 

Boiron 
C h i  sh01i.n 
Robin Hood 
ilosquito 
Crease y 
Kerr 
M i l i  
Stein 
Mheatan 

T a h i e  2, " l o n t i l y  ramfall totals (nm)  f o r  summer 1978, and *hr~nai' t~tais 
for years 1941-73 as recorded ;;t the Saint john nlrport, 

- 

"ear Yay June J d y  k g .  S e p t  . 5-oio toea1  

-- 

! 978 60.2 1iS.O 43,1 19-2 136.5 374-0 

Table '3- Yo-.thLy ~urface water temperatures j°C) Tor the varrocis l akes  in 
the surveys. Yost temperatures were measured between 0 9 0 0  and 
1600 r,, 

May Jane July Aug. Sepc,  Sep;. kt, 
Take 3-5 12-19 17-20 9-17 5-7 22-27 31 

Mud - 2 2 - 6  23,O 24,O 
no1 toil - i 2 ,O  1 i , 5  2 4 - 0  
C h i s i ~ o i m  0-6 15,2 23.5 23-0 
Robi .nHoud - 16-0 22-3 23-5 
Mosquita 5 - 0  i 7 - 0  24.0 2 3 , 1  
Creaser 6. 1 22.C 24.0 2 4 - 5  
Kerr 4.5 13.6 20.5 22.0 

~ .I r i l ~ l  9.5 18,C 22.0 23,O 
Stein 7 - 9  l9.0 2 2 - 0  21 , s  
Wheaton - 22-0 23.0 24,O 



Table 4 .  >lonthly surface water conduct~v~t~es ~ ~ v . h o / u n ~ )  for the 
varrous lakes ln the survey, Asterisks indicate values considered 
to be erroneous and are -2ot Lnciuded m calruiat~on of the means. 
Values in prent~ieses are calculated from the lonrc cornpositron of 
surfdce water >a inp le s .  

Hdy .3uilii . ! ~ r l y  Aug. Sept , Skpt . 
La 3-5 12-19 17-20 9-17 5-7 22-27 Mean 

Mud 
B n l  ton 
C h i  sliiolxl 
Robin  Hood 
No squi to 
Creasey 
Kerr- 
Mil L 
Stein 
i.iiwatoa 

Table 5. Surface p H ' s  of lakes surveyed f o r  ?by-late September 1978. 
As~crisks indicate values Which appear to be out o f  l i n e  t h  the 
aajoricy of the readings, and are not included in the mean. 

i%y .June July h g .  Sept. Sept . Ckt. 
La ice 3-5 12-14 17-20 9-17 5-7 22-27 31 Xean 

?$ad 
Boi ton 
Chi. siiolo 
Robin Hood 
>40 sq r i i  t u 
Crease y 
Kerr 
Mill 
Steiii 
Iz'heatoi~ 



Table  hii .  Monthly chloride concentrations ( * e q . / Z )  in surface water samples 
from the various Lakes. A l l  61.- is assumed to be derived 
frox oceanic sources (sea spray), 

Late 
ia ke iAay J ~ n e  J i l y  hug, Sep;. S e p t .  b a n  

Mud - 34 28 

$01 t o n  - 28 31 25 
Chisno~rr ;I* 82 99 50 
Roilln :i.ioo - 51 - 5 h 
Hosqdrto 7i 55 713 65 
Creasey 87 59 t i 5  55 
Kerr 80 70 76 90 
Y;i i 107 9ii 93 106 
Stela LO2 82 05 99 
iiiieneon 204 180 2?7 198 

Monthly nean iC3r 7 
l a k e s  for w h i c h  measure- 
ments were made in ail 
s a m p i  ing periods 100 88 104 107 

Tabir 6Y. Normalized val~:cs  of 62- for the various l a k e s  (-with respect 
to tile nean values), Values in parentheses for Chisholm iii'ks 
exclude the Yay value. 

r--q s)l 
U. 31m 
ria s q u i  :ti 
Crease y 
Kerr 
Nil1 
Stein 
Whea tiin 

June J u l y  
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Tab1 e 9 ,  I+lonf:,iy b u l f n t e  co;iren?rdeluns (~eq./L) in wrface water samples 
frola the vsrio~is lakes, .imo~~lts calculated to be derlved from 
oceanlc iources are grven i n  parer,tl-iesec;, Total  concei;trati-,ns 
are ehe ssm of the t ~ o  values. 

J u l y  Sept . Late 
Sepr . 

bud 
h? tar 
Cni sholm 
Roaln Hood 
?iosqiil to 
Crease y 
Kcrr 
141 11 
Stein 
iTneaton 

f.ior;t:rly nratls 
for 7 lakes 70 J 1 82 84 88 93 

(Totdl SO4=)  

X3bi.i. 10. t4ont:ily .7iag:1rsiox ci?ncentratlions (l;eq./L) in surface waters of 
;.he various lakes, .Amounts ca'iirr~laced :o be derived from x e a n i c  
sources are glveri i n  p*?renthe:;es, Total concentrritlons are the 
stun of  the two v a l u e s I  

Late 
Lake "lay June .July Aae. ST:. S e p t .  &an 

Nont5 i y  n r q n s  
for 7 lakes 36 39 4 3 1.8 46 42 



Table il. Yonti~iy calclmm ciincentratlons jiieq,/l) i n  si~rfacii waters of the 
various Lakes, A4mounts calculated to be derived from ixleanlc 
sources are given in parentl?eses. Total concentrations wo~zld Ae 
the s&m. of the cwo values, 

l,a t e 
h ke =an 1.-y June J u l y  k g .  Sept . Sept  . 14e.lean 

M I > ~  
Sol t o n  

Chi sitolm 
Robiin Hood 
"oiosi;\;i to 
Crcasey 
Ke r I- 
Xi1 i 
Stein 
Wnraton 

Morith1.y mean 
f o r  7 l akes  100 106 1 2 1  1 2 2  1 2 4  1 2 7  

Table 12-  ?lorzthly bicarbonate concentrations igeqe!L)  in surface waters of 
t i l e  various lakes. 'he JUne value for 201 t a n  Lake is considered 
erroneoiisly low, Values <I0 a r e  taken t o  bc zero for averzging,  

La "iii 

1-3 ke Pay Juiie J u l y  Aug. S e p t ,  Sept . Yenn 

41ud 
Bcl"ion 
Gk-i shah 
Rr?bin Hood 
Mcsqiii to 
Creasey 
Kerr 
Will 
Stein 
i4heatoi1 



T ~ b l  e  13, h s t a l t 3  o f  various e s f i m a t e s  o f  HG03- coni r i i t r a t l o n s  
d e r l v e d  from Llell cad l a b o r a t o r y  s l k n i l n l t y  L i t r n E i o n s ,  Rie 
vali ies I n  rhe f ~ r s t  c o l m a  a r e  estimates irom f r e i d  t l t r a t l o n s  
U L ? I P ~  t n e  f l x e d  end-pornt  (pi!=&, SO) rne:hod, 141e v a l u e s  i n  the 
second c o l m c  a r e  d e r i v e d  from t h e  same d a t a ,  h u t  using the  t o t a l  
i n  f l e ~  t i o n  po1r.t merhod. The t h l r d  c o i m . i  r s  ~ a b o r a t o r y  measure-  
n1ent.i- T"he measurements f o r  t h e  f ~ r s c  two c o l ~ m n s  &-re taken  
h g .  22-23,  and water  samples  f o r  ct-?e l a s f  c o l m n  & r e  =ken 
Aug* 5-7 * 

Fixed end- LO - ~ a l  i n f l e c t i o n  L a b o r a t o r y  
?Lake p o i n t  method p o i n c  method d e t e r m i n a t i o n s  

Mud 
Bol ton 
Chisiioiil 
Rob i 11 Hood 
Hosqui t o  
C r e a s e y  
Kerr  
N i i l  
S t e i n  
Wbeaton 

Means 156 138 1 4 1  

Table  14- i l o n c e n t r a t i o n s  of f o u r  heavy m e t a i s  j v e q , / l )  i.n u n f i l t e r e d  s u r f a c e  water samples  taken  
from the var io i l s  l a k e s ;  nm = n o t  a e a s u r a h l e ,  

A. 
May J u l y  S e p t  , 

~a kz CU+ a+ PS* ~ r *  CU+ PS* + atr+ ?btt %it?++- 

' I d  
?0:ion 
Ciiisiiol~n 
Robin Hood 
Mosquito 
Crease  y  
Kerr  
i l l  Ll 
S t e l o  
Wheaton 

0,002 
0, COB 
0,019 
0,019 
0.014 
0,007 
0.006 
0.01 l 
0,009 
0.OIh 

B. 
Klean c o n c e n t r a t r o n s  o: heavy m e r a i s  and wean& 

Lake GU* ?b*+ t k i i  i)ii 

?"iuil 
Boi ton  
C h i  shoim 
Robin 1100 
Yosqiii t o  
Creasey  
Kerr  
M i 1 1  
S t e ~ n  
tdheaton 



TaiPie i5. C a t i o n  excess ( l i e q . / L j  of the nor,-oceanic ;:ampone:tt i ~ .  tiit 
various lakes surveyed ,  The June  k l   to^: I ~ k c  va1:ie J*) is 
p r o b a b l y  ciue ro e r r o n e o i i s i y  low HCO3- d ~ t c l - i i i i n a t i o n ,  

1'41 t < ,  

Is% kc> May .It;iie .iul y Aug. S?pt , Sppc . ?-:earl 

-- - 

Xud - - 67 7 -9 28 23 
Bolron  - 109" 54 21 -35 ! 6 14' 
Chi sholnl -6 -11 21 -25 -4 -20 -8 
Robin Hood - 10 - -26 -10 -7 -9 
X o s q i r i  t o  -34 24 -2 1 10 -15 -3 
Crease y -5 -5 5 -12  3 -15 -5 
K e r r  -22  23 31 9 1 -20 4 
Xill :O 24 56 30 20  31 30 
S L c i r l  -25 10 23 213 -2 -26 3 
ZJheiitnr, -6 39 45 49  8 -21 19 

7 :  Junta v a i  i i ~  on:; lied t i o m  rnt+;tii. 



-. . 11.g- 1 ,  Locations of each of t he  t en  i akes  surveyed 
a r e  si~nwed on the nap of New Briinswick, Tne l akes  

- ,  
corresponding "L each e m b e r  a r e  a s  follows: 1. %d; 
2 ,  Bolton; 3, Cnisholm; 4 ,  Robin Hood; 5, Pbsqui to ;  
6. Crease j ;  7 ,  Kerr; 8, S t e i n ;  9. Y l l l ;  and 10. 
M.reaton, 

-. ? r g ,  2-9. rjiagrams of the I.akes and t h e i r  d ra inage  
b a s i n s ,  

I - ho~erogeneous  t i l l ,  g e n e r a l i y  3 m, d r m l i n s  
lo 50 m 

7 -. i moraine,  iaairrly g r a v e l ,  bedrock-controlled 
tnp i ig ra  p h p  

4 - oi tgas l i  d e l t a  
X - bedrock 

- dr--  un i in  ? . r i dges  

Df - Devonian g r a n i i e  
- 3evonlan alafic voicanic  

5Df, - Silurian-Devonian g r a n i t e  volcanic  
S,, - S i l u r i a n  iasfic v o l c a i ~ i c  
SDS - Silurian-Devonian sedimentary 

S, - S i l u r i a n  sedimentary  ( s i a t e  to sandstone 
a n d  conglomerate,  some l imes tone  

EO, - Cambrian-Ordovician sedimentary 
P,iv - Precaabr ian  g r a n i t e  volcanic  
P,, - Precambrian vo lcan ic  

GN - g i l  i ne t  l o c a t i o n s  
RN - beach se in ing  Locations 

1.; - c o l l e c t i o n  of water samples,  pl.us 
aeasurements of tempera ture ,  pH and 
c o n d u c t i v i t y  

Heavy s o l i d  Lines - s e p a r a t e  d i f f e r i n g  
g e o l o g i c a l  format ions  

tleavy do t t ed  l i n e s  - o u t l i n e  of d ra inage  bas in  
L i g h t  s o l i d  l i n e s  - i n l e t  and o u t l e t  dra inages  
Light  do t r ed  l i n e s  - highways and roads 

Arrows - d i r e c t i o n  of water flow, 

". r i g ,  2 

Fig.  3 



Drainage Area a 

Fig. 5 

-. rig. 4 

, i k m  , 

Fig. 6 



Fig. 7 



-. " l,?...?~, ~ ~ ~ r ~ g r a p i i s  o f  . p p l c i  L i e  toral aiid 

s:-Lorel ine c o ? f o r - , ~ ~ i o n s  fo r  f i v e  o f  the s t z d y  lakes. 
~i~~ 10 -- gllratoo; 11 - Xerr; Fig. 12 - Mi13 

l o w  water level  due to evsporatioli  ;irzd 
dr-dw-di.wn in ro  *mke krtop3.a); F i g ,  13 - Yosq~ii  to; 
pg. 1; - ~ n b i n  Hood (l.ake i n l e t  at tipper l e t 0  ). 
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Y ~ k ~ g ,  17. Cuinuiarive wind vectors at tile Saint .John 
ai.rport for by-September 1978 are shown for various 
co~pass sectors. &an bTI,nl i~elocity from ally 
clirection :r:ay be calculated by dividing the length 
o; a vector by c?ie nmber of days from Phy  ~i~rough 
September (i53). Salnr John is :;itnated at the 
"hub" of ibc compass Ii~es., LocaLiou of each l a k e  
ii; tkc survey is show: in r e l a i r i o n  to Saint John 
wl th di s ~ ~ n c e s  gi.rien in i.ar+i~tiieses. 

- "  rlg, 18, Ctmit~laciire rainfall at t i l e  Saint John 
airport frea Play zhrough September associated with 
wea~her systems from various compass sectors. 

Fig, 19, Chloride roncentraiions in lake surface 
water samples as  a fuilcrion of lakc distance from 
the coast, The solid line is derived froa Conwag's 
(1942j ?quatior: for Sortii Axcrican fresh \cater in 
general, Verrricai bars i~idicate ranges. F2.c h point 
is n summer mean, 

Fig, 26, Top P a n e l  - aormdizei mean ~a~ con- 
centration ia surface water sainples from Yay to 
Septeaber (mean for seven l akes ) ;  > f i d d l e  Panel - a s  
with Top Panel, but for C1- coace?tratinns ; 
Botroin Pa i r e l  -- eiluivaicnt r a t i o s  oi [ Na': : [Gl-] 
for rhe varioirs sanpling p,riodso R.a.ili.0 for sea 
water is 0.357, 



(j -p_p----p-L - - - -  
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Fig. 21. Sodiim coacentratioas in lake surface 
water samples for lakes at varying distances from 
the cosst, Vertical bars indicate ranges, Line 
fitted by eye. 

Fig, 22. Eq~~ivaient ratios of [~a+j : j ~ i - ]  
piocted as a function of disrance fro= the coast, 
Points represent summer means, bars indicate 
ranges, 
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Fig, 23 ,  Caiclm coi~centrations calculated to bz 
derlved iruii: il:,ii-oceanic sources are plorted vs, 
sol-oceanic Mg* concentrations. Each paint is 
a summer mean for each lake, 

F i g ,  2 1 ,  Mkalmrty rrtratron curves for each of 
the ten Lakes surveyed, Rtrations were performed m 
the freld wlth tile samples aer"ated to constant pH 
afrer e;ch additroa of acrd, 



Fig .  25, Bicarbonate concen t r a t ion  Ls p l o t t e d  a s  a -. Fig* 26. The ion ic  composit ion of the  l akes  
Euncti.an of t he  non-oceanic Cai-?- f r a c t i o n  f o r  surveyed, a s  der ived from oceanic sou rces ,  from 
the  variolis l a k e s  surveyed, Po in t s  a r e  summer o the r  sou rces ,  and t o t a i  composit ion (sum of :he 
means, iRe va lue  f o r  the Slersey River water a t  the previous  t w o ) ,  Lakes a r e  ordered so t h a t  d i s t ance  
> k r s e y  ha t che ry  i s  inc luded f o r  comparison as  i t  i s  from the  coas t  i n c r e a s e s  a s  one p rog res ses  from l e f t  
n watershed considered  t o  be ac id  s t r e s s e d .  t o  r i g h t .  



A P P E N D I X  T 

Disso lved  n i t r o g e n  (NO3- and NO2-) c o n c e n t r a t i o n s  j u g / L )  i n  s u r f a c e  water  
samples  from tile v a r i o u s  l a k e s  

h te 
Lake i"a y June  July Aug. S e p t  , Sept 

Mud - 400 10 
Bol t o n  - 150 30 
Chi sholm 50 (10 40 
XoSin Hood - <10 10 
r losqui to  100 c10 10 
C r e a s e  y 80 c10 50 
Kerr  30 I 0  60 
H i l l  50 1400 10 
S t e i n  <10 <10 I0 
Wheaton 50 <10 10 

APPENDIX I1 

Phosphorus c o n c e n t r a t i o n s  (ii g/L) i n  s u r f a c e  water samples from 
t h e  v a r i o u s  l a k e s .  * i n d i c a t e s  n o t  i n c l u d e d  i n  d e t e r m i n a t i o n  of means 

Late 
Za ke May June  J u l y  Aug. Sept  . Sept . Mean 

Mud 
Rol t o n  
Chisholm 
Robin Wood 
Mosquito 
C r e a s e y  
Kerr  
M i l l  
S t e i n  
Wheaton 

A P P E N D I X  L I F  

S i l i c a  c o n c e n t r a t i o n s  ( m g / t )  i n  s u r f a c e  water  a a p l e s  from the  
v a r i o u s  l a k e s .  L k t e r m i n a t i o n s  were made on Septeriber samples on ly  

la tf! 
Lake .%pt . Sept  . 

h t l  

Bo l ton  
C h i  sholm 
Robin Hood 
Xosqui t o  
Crease  y 
K e r r  
M i l l  
S t e i n  
Wheaioi~ 


