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70% of the earth’s surface is  

   covered with water 

  10% is covered with ice 

  97% of water is in the oceans 

  2% is in the ice 

  1% is freshwater (lakes, rivers,  

    ground waters, soils) 
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http://www.ec.gc.ca/water/en/nature/prop/e_cycle.htm 

Jared Sanders
Be able to draw this cycle
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Jared Sanders
remember the portions. not the numbers.  eg. thermal power generation is the largest
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Howard (1998) Aquatic Environmental Chemistry 
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Thermic Chemical 

4 °C 20 °C [O2] (mg/l) 

oxic 

anoxic 

epilimnion 

metalimnion 

hypolimnion 

0 15 
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Jared Sanders
Stratification occurs cause what has different densities at different temperatures 

Jared Sanders
isolated oxygen. trouble for fish, minerals will start to get dissolved.  Iron oxides will react and release anything its bonded to.
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Q = AV (m3/sec) 

A: cross-sectional area (m2) 

V: average velocity (m/sec) 

Jared Sanders
volume of water per unit of ____?
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Coal mining activity 

Toxic heavy metals 

and low pH 
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Jared Sanders
total dissolved solids

Jared Sanders
FOCUS ON UNITS

Jared Sanders
precipitation of secondary minerals

Jared Sanders
chemical and biological,

Jared Sanders
Type of plankton use the silica to make their own skeleton
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Jared Sanders
excess of nutrients stimulates growth of algae = bad, algae cant stop using nutrients up.  algae die releasing organic carbon.  Carbon uses up all the oxygen in the lake causing anoxia.



17!

;.7%:75&-(

•! 05%'.$":;(9#%&'/(;#7(;.7%#:7((4#'G&(#P.57%/(.C(
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Lake 226 in 1973 

Lake 227 in 1994 (green)  

and lake 305 (blue) 

Jared Sanders
phosphate stimulates algae growth.  Causes lake to turn green

Jared Sanders
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•! "%%$*YY999>-C.1P$.>G;>;#Y'&G:.7/Y;&7%'#4Y/;:&7;&Y&7E:'.Y&4#1'4&p&>"%P(

].a:7/(

•! !&'%#:7(/$&;:&/(.C($",%.$4#7;%.7($'.-5;&(%.a:7/(

-5':7G(&a;&//:E&(#4G#4(G'.9%"(

•! Q&7&'#44,(7.71%.a:;(C.'(#R5#%:;(4:C&<(M5%(/.P&(;#7(

M&(":G"4,(%.a:;(.7;&(:7%'.-5;&-(:7(%"&(%'.$":;(

;"#:7<(&/$&;:#44,(C.'("5P#7/(

•! U7%.a:;#%:.7(M,(P5//&4/((:/(.7&(&a#P$4&(

Jared Sanders
transpires to humans cause we eat the seafood that is contaminated.
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Z57:;:$#4(9#%&'/(

•! Z57:;:$#4(9#/%&9#%&'(:/(/%:44(.7&(.C(%"&(P#k.'(
/.5';&/(.C(P#':7&(;.7%#P:7#%:.7(:7(!#7#-#>((

•! C98,-,<1*$:132.:12.(3(H:7;45-:7G(/%.'P(/&9&'/K(
#'&(#(/.5';&(.C(.'G#7:;(#7-(P&%#4(%.a:;(
/5M/%#7;&/>(

•! U7#-&R5#%&4,(%'&#%&-(P57:;:$#4(9#/%&9#%&'/(
;.7%#:7(M#;%&':#<(E:'5/&/<(#7-($'.%.h.#7/<(9":;"(
M&;.P&(;.7;&7%'#%&-(:7(C:4%&'1C&&-:7G(.'G#7:/P/(
/5;"(#/(;4#P/(#7-(.,/%&'/<(P#O:7G(%"&P(57C:%(C.'(
"5P#7(;.7/5P$%:.7>(

)>J>X(Q'.57-9#%&'/(

•! #(/P#44($'.$.'%:.7(.C(C'&/"9#%&'((:/("&4-(:7(

#R5:C&'/((

•! @J9,>.(*(G&.4.G:;#4(57:%(%"#%(#44.9/(%"&(%'#7/$.'%(

.C(9#%&'(H$.'.5/<($&'P&#M4&K*(/#7-(

•! @J9,-*9'.*(G&.4.G:;#4(57:%(%"#%(-.&/(7.%(#44.9(%"&(

%'#7/$.'%(.C(9#%&'(H:P$&'P&#M4&K(

Jared Sanders
city of victoria is fucked!

Jared Sanders
clay aquifer moves SLOOWWWW- to the point it doesnt move
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Lake 
unconfined aquifer 

Water table 

Permeable rock 

Clays 

confined aquifer 

(See Fig. 12.5) 

Z#//(M#4#7;&(;.7;&$%(H$>J[K(
•! )($.//:M4&(.5%;.P&/(C.'(#($.445%#7%(:7(#(/$&;:C:;(
4.;#%:.7(:7(%"&(&7E:'.7P&7%*(

( 1(;#7('&P#:7(#%(%"&(4.;#%:.7(

( 1(;#7(M&(%'#7/$.'%&-(

( 1(;#7(M&(&4:P:7#%&-(.'(%'#7/C.'P&-(

•! /%&#-,(/%#%&*(:7$5%('#%&(_(.5%$5%('#%&(H7.(/%.'#G&(
;"#7G&K(

Change in storage of mass = mass transported in –  

mass transported out = mass eliminated by sinks  

or produced 

input rate = output rate + decay rate + accumulation rate 

Jared Sanders
bideaus sum

Jared Sanders
Eg.  



Jared Sanders
for ground waters, geologists build wells and use this equation to figure out the problem of the water.
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N.5';&/(.C(;.7%#P:7#%:.7(

•! 8)8K<),82$3)9(-.3*(

( 1(C&'%:4:h&'/>($&/%:;:-&/<(#;:-('#:7<(#%P./$"&':;(C#44.5%<(

/5'C#;&('57.CC<(&%;(

•! <),82$3)9(-.3*(9#/%&(-:/$./#4*(

( 1(/&9#G&(/45-G&/<(4#7-C:44/<(4:E&/%.;O(9#/%&/<(P:7&(

%#:4:7G/<(9&44/(C.'(-:/$./#4(.C(4:R5:-(9#/%&/<(C4,(#/"(

C'.P(;.#41C:'&-($.9&'($4#7%/<(&%;(

•! <),82$3)9(-.3*(4&#O/(#7-(/$:44/(

( 1(P#75C#;%5':7G(C#;:4:%:&/<(4&#O,(%#7O/(#7-($:$&4:7&/<(

9..-($'&/&'E#%:.7(C#;:4:%:&/<(&%;>(

)>)(]'#7/$.'%(#7-(-:/$&'/:.7(

•! /.45M4&(#7-($#'%:;54#%&($.445%#7%/(

•! 6",/:;#4(%'#7/$.'%(

–!#-E&;%:.7*(M54O(P.E&P&7%(.C(9#%&'(.'(#:'(

C45a(-&7/:%,(HnK(_('#%&(#%(9":;"(#(;"&P:;#4(:/((

( ( ( (%'#7/$.'%&-(M,(57:%(#'&#(

( ((
J = CV  

C: chemical concentration 

V: fluid/air velocity 

Jared Sanders
steam coming out of the place near sports complex on a really cold day.  Moved slowly in one unit



22!

•! !"#'#;%&':h&-(M,(#7(:7;'&#/&(.C(%"&(
;.7;&7%'#%:.7(.C($'.%.7/(Hq+jrK(

–! S&;#44($+(_(14.Gq+jr(

•! !#5/&-(M,(#;:-('#:7(#7-(#;:-(P:7&(
-'#:7#G&(H#;:-:;(4&#;"#%&(':;"(:7(P&%#4/K(

•! 2;:-('#:7(:/($'.-5;&-(9"&7(N=J(#7-(
T=a(#7-(%"&:'(.a:-#%:.7($'.-5;%/(#'&(
$'&/&7%(:7(%"&(#%P./$"&'&(

•! ]"&(P#:7(#;:-:C,:7G(/$&;:&/(#'&(+JN=)<(
+JN=X(#7-(+T=)(#7-(%"&,(#'&('&%5'7&-(
%.(%"&(&#'%"(M,(#($'.;&//(O7.97(#/(9&%(
-&$./:%:.7(H'#:7<(/7.9K(

2;:-:C:;#%:.7(

!,;4:7G(.C(#;:-:C,:7G(/$&;:&/(
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2;:-('#:7(

•! T.'P#4(57$.445%&-('#:7(:/(/4:G"%4,(#;:-:;(#7-(%"&($+(:/(#'.57-(
W>d(

–! ^5&(%.(%"&(&R5:4:M':5P(M&%9&&7(!=J(#7-(+J=(

!=J(HGK(j(+J=(H4K((_((+J!=)(H#RK(

+J!=)(H#RK((_((%
L(H#RK(j(+!=)

1(H#RK(

•! 27(&a%'&P&(;#/&(.C(#;:-:C:;#%:.7(:7(!#7#-#(:/(:7(^.'/&%<(
=7%#':.<(#7(#'&#(/5MP:%%&-(%.(:7%&7/&(#;:-($'&;:$:%#%:.7/(

–! S#:79#%&'(:/($+(_(X>F(-5&(%.(N=J(o(T=a(&P://:.7/(

%L(H#RK(j(+!=)
1(H#RK((_((+J!=)(H#RK(

+J!=)(H#RK((_((!=J(HGK(j(+J=(H4K 

•! S#:7(:/(;4#//:C:&-(#/(#;:-('#:7(9"&7(%"&($+(s(W>d(

•! N5/;&$%:M:4:%,(.C(#(;&'%#:7(9#%&'(M.-,(%.(#;:-('#:7(
-&$&7-/(.7(:%/(;#$#;:%,(%.(#;%(#/(#(M5CC&'(.'(%.(
7&5%'#4:h&(%"&(&CC&;%/(.C(%"&(#;:-:%,(
–! ^&$&7-/(.7(%"&(;.P$./:%:.7(.C(%"&(57-&'4,:7G('.;O/(#7-(
/.:4/(

–! !#'M.7#%&('.;O/(#'&(G..-(M5CC&'/<(M5%(G'#7:%:;('.;O/(#'&(
7.%(

2;:-('#:7(

Jared Sanders
pH of 5.6.  Equilibrium constant of first reaction

Jared Sanders
doesnt occur in northern lakes
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N.5';&/(.C(N=J(#7-(T=a(

GM/$

•! N129(1*(
–! I.'&/%(C:'&/(

–! i.4;#7:;(&'5$%:.7/(
H&>G>(Z%>(6:7#%5M.K(

•! @82A()<)+.8,-$
–! !.#41C:'&-($.9&'(

/%#%:.7/(

–! NP&4%&'/(.C(/54C:-&1
M&#':7G(.'&/(

NMO$

•! N129(1*(
–! I.'&/%(C:'&/(

–! N.:4(G#/&/(

–! `:G"%7:7G(

•! @82A()<)+.8,-$
–! 6.9&'($4#7%/(

–! Z.%.'(E&":;4&(
&P://:.7/(

•! ^',(-&$./:%:.7(&$:/.-&/(.;;5'(M&%9&&7(9&%(-&$./:%:.7(
$&':.-/(

•! i&G&%#%:.7<(/.:4/(#7-(9#%&'(#M/.'M(N=J(#7-(T=a(G#/&/(
#7-($#'%:;54#'(P#%&':#4(

•! =7;&(:7;.'$.'#%&-<(%"./&(;.P$.57-/(#'&(%'#7/C.'P&-(
:7(#;:-:;(/$&;:&/(HN=J(:7(N=X

J1(#7-(T=a(:7(T=)
1K((

•! XA(OP(#9#,(C'.P(N5-M5',<(WWB(.C(%"&(N(#%P./$"&':;(
-&$./:%:.7(.':G:7#%&/(C'.P(-',(-&$./:%:.7(

^',(-&$./:%:.7(
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N5-M5',(t(U7;.(/5$&'/%#;O(

•! 2;:-($.445%:.7(C'.P(/P&4%&'/(

–!Fede(
•! Q.E%>(=7%#':.(%.4-(U7;.(HP#:7(
P:7:7G(;.P$#7,(o($.445%&'K(%.(
'&-5;&(&P://:.7/(

•! UT!=(M5:4%(%"&(8N5$&'/%#;O?<()[A(P(

•! ^:45%&(#7-(-:/$&'/&u(

•! n5/%(;.7%#P:7#%&-(#(4#'G&'(#'&#(

–!v@AAA(4#O&/(:7(=T<(f!(

•! ].-#,<(N=J(&P://:.7/(eAB(4.9&'(

–!N=J(8/;'5MM&-?(.5%(M&C.'&(&P:%%&-(

•! ]"&(!#7#-:#7(N":&4-('&G:.7(.C(&#/%&'7(!#7#-#(
H9&/%(.C(\&7.'#(H$+(X>@KK(#7-($#'%/(.C(%"&(
2$$#4#;":#7/(.'(2%4#7%:;(Z#':%:P&(&;.h.7&(
H\&k:PO5k:;(H$+(X>dKK(#'&(E547&'#M4&(%.(
#;:-:C:;#%:.7(
–! ]":7(/.:4/(#7-(G'#7:%:;(M&-'.;*(4:%%4&(7#%5'#4(M5CC&':7G(
;#$#;:%,(C.'(7&5%'#4:h:7G(#;:-(-&$./:%:.7(

•! 35CC&'(t('&/:/%(;"#7G&/(%.($+(5$.7(#--:%:.7(.C(#;:-Y
M#/&(

•! ^&$./:%:.7(C'.P*(
–! NP&4%&'/(:7(7.'%"&'7(Z3<(=T<(f!(

–! ]"&'P#4(G&7&'#%:7G(/%#%:.7/(:7(=T<(T3<(TN(#7-(VN2(

2;:-:C:;#%:.7(:7(!#7#-#(

Jared Sanders
This is because most of the lakes have a very low buffering ability in this area.
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35CC&':7G(;#$#;:%,(

E84,()8D.82$B181'1$

•! U7(%"&(N5-M5',('&G:.7<(%"&(P#k.':%,(.C(P.7:%.'&-(

4#O&/(/".9&-(#7(:P$'.E&P&7%(:7(#;:-:%,(

–! 2%%':M5%&-(%.(%"&(/5M/%#7%:#4(;.7%'.4(.C(N=J(&P://:.7/(C'.P(

N5-M5',D/(7:;O&4(/P&4%&'/(

•! ^&/$:%&(/:G7:C:;#7%(N=J(;.7%'.4/(:7(&#/%&'7(!#7#-#<(

%"&(#;:-:%,(.C(P./%(4#O&/(/".9&-(4:%%4&(;"#7G&(

H/%#M4&K(:7(%"&('&P#:7-&'(.C(=T(o(f!(

`#O&(#;:-:%,(

Jared Sanders
Lakes and soils have the possibility of becoming acidic because of the low buffering ability
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]'&7-/(:7(`#O&(2;:-:%,(

•! N=X(4#O&(4&E&4/(4.9&'(
H4.9&'(N=J(&P://:.7/(
C'.P(/;'5MM:7G(&%;K<(M5%(
4#O&/(/%:44(#;:-:C:&-(

•! T=a(&P://:.7/(;"#7G&-(
4:%%4&(

•! =T<(f!(#7-(%"&(2%4#7%:;(
'&G:.7(#4/.(#CC&;%&-(M,(
;.7%:75:7G(%'#7/M.57-#',(
C4.9(.C(#;:-:C,:7G(
&P://:.7/(C'.P(%"&(
V7:%&-(N%#%&/>(

•! !&'%#:7($",%.$4#7O%.7(/$&;:&/(H-:#%.P/K(;#7(M&(5/&-(#/(
:7-:;#%.'/((

–!2;:-:;(9#%&'/*(!:4%8'/#;1$8'4/8:<=#>3/6'&/3'/#
/$'?%@'%48/=#A'44:&/3'/#<:@$/8'$/=#B/@1&&/3'/#

C:/?3'<1;8/8/#

–!2;:-:;(#7-(P&%#4/(H!5<(g7K*(!:4%8'/#1D'6/=#!"#8141&&/=#
>3:<8:&'4/#3E%@%'?1<#</D%4'$/=#A'44:&/3'/#@'&<1/4/##

–!T.71#;:-:;(9#%&'/*(FG$&%81&&/#H1416E'4'/4/=#>3/6'&/3'/#
$%4<83:14<=#>"#$3%8%414<'<#

•! ^:#%.P/(;#7('&P#:7(:7(/&-:P&7%/(#7-(M&(5/&-(#/($#4&.1
:7-:;#%.'/(%.('&;.7/%'5;%(#;:-:%,($#%%&'7/(

3:.1:7-:;#%.'/(.C(#;:-:%,(

Jared Sanders
Dont have to remember the names
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•! !"#7G&(.C(#4G#4(/$&;:&/<(M5%(%"&(
$.$54#%:.7(-&7/:%,('&P#:7/(%"&(
/#P&(

•! !&'%#:7(#R5#%:;($4#7%/(
HP#;'.$",%&/K(;#7(%#O&(.E&'(:7(
#;:-:;(9#%&'/(H.;E/64:HK(

•! U7E&'%&M'#%&(M&7%":;(.'G#7:/P/(
-&;'&#/&(:7(75PM&'(#%(4.9($+(
HP5//&4/(#'&(#CC&;%&-K(

•! I:/"(4:O&(/#4P.7<(%'.5%<(&%;>(#'&(
":G"4,(/&7/:%:E&(

UP$#;%/(.C(`#O&(2;:-:C:;#%:.7(

•! ]"&(#;:-:C:;#%:.7(.C(/5'C#;&(9#%&'/(;#7(M&(7&5%'#4:h&-(
M,(%"&(#--:%:.7(.C(;#'M.7#%&/(#7-(4:P&(

•! T&5%'#4:h#%:.7(#%(":G"&'($+($'.P.%&/(P&%#4(
$'&;:$:%#%:.7(
–! Q'&#%(C.'(9#%&'(R5#4:%,<(M5%(/.P&(/:-&(&CC&;%/(H24(j(C:/"(G:44/K(

•! ^:P:75%:.7(.C(G#/(&P://:.7/(

–!S&R5:'&/(#7(#G'&&P&7%(M&%9&&7(;.57%':&/<(
G.E&'7P&7%/<(:7-5/%':&/(#7-(#('&/$&;%(.C(%"&(
#G'&&P&7%(

S&-5;:7G(#;:-:%,(

Jared Sanders


Jared Sanders
live in a shell

Jared Sanders
increase pH = increase solubility of aluminum 


