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~ FOREWORD

Th1s publlcatlon is bas1ca11y a presentat1on of. the data
v'and resu]ts used in the preparat1on of some of the sc1ent1f1c papers
' pub11shed in the spec1a1 1ssue of the Journal of the F1sher1es
‘Research Board of Canada, V 33, #3 March 1976 ent1t1ed "Lake Er1e

in the Ear]y Sevent1es These papers were,

':a)‘ Forms of Iron and. Manganese in Lake Erie Waters by |
| N M Burns and J.0. Nr1agu (463 470) 5
- 'b) Temperature oxygen and nutr1ent d1str1but1on |
| : patterns in Lake Er1e, 1970 by N. M Burns (485 511), -
- ¢) Oxygen depletion 1n the Central and Eastern basins - |
- of Lake Er1e by N M. Burns 1970 (512 519); and }
- d) Nutr1ent budgets for Lake Erie, 1970 by N.M. Burns.

(520-536). L
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* Lake Erfe Water Chemistry Data 1970-71
' N;M.uBurns;'F} Rosajand_ch. Chan‘,'f

-‘;_'Sectiongli,' Spat1a1 D1str1but1ons of Chem1ca1 Var1ab1es observed in J}

V-U7fLake Er1e 1n 1970

The more 1mportant Take-w1de stud1es to the present wh1ch

y qive a qenera] out11ne of the chem1stry of Lake Er1e, are by Kramer »'

A HT]T(1961) We11er and Chawla (1968) and Gachter et al. (1974) A more ;;:1'
;5‘:r5lrecent Tarqe scale 1nvest1qat1on 1s reported on here and cons1sted of

' Tf_ﬁéften maJor surveys of the Take dur1ng 1970 for the measurement of bas1c '

'Lychem1ca1 and b1oTog1ca1 parameters The data from the surveys on the

.chem1ca1 var1abTes are extens1ve and after processing, have resu]ted

“f” in. approx1mate1y 80 d1str1but1on maps and tab]es The* dates of the

‘var1ous surveys are shown in TabTe 1

amp11ng,and Data Process1ng Methods

The samp11ng network pattern of 55 stat1on Tocat1ons (F1g )

jhwas based on subJect1ve Judgements (from the results of prev1ous
“3fsurveys) as to what wou]d const1tute adequate coverage of the Take

At a11 stat1ons,_a bathythermograph trace was obta1ned and

u?'ﬂ'water was samp]ed us1ng Van Dorn bott]es at the fb110w1ng depths 1 andvt'
’f1ve metres be]ow surface and 2 meters above the bottom pTus two sampTes"
":spaced equaTTy (1f poss1b1e) between the 5 m beTow surface and 2 'm above

Abottom samp11ng_depths. _S1ng]e determ1nat1ons were made on each sample |

o
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for the fo1]owing,parameters: oxygen concentration, conductivity,
turbidity, concentration of soTub]e reactive phosphorus, NOS plus NOE,
NH3, so]db]e reactive silica, pH, alkalinity (fi]tefed) and total

phosphorus (filtered and unfiltered). The samples taken at 1.0 m from

_the surface and 2.0 m from the bottom were filtered and analysed for C1°,

Soif, K+,_Na+, Ca2+, and on three selected cruises the samples were
further analysed for Li, filtered iron'and'filtered manganese. The
ana]yt1ca1 methods used in the var1ous determ1nat1ons are g1ven by
Philbert and Traversy (1973). Estimates of the precision for each para-
metef; Wdth the errors of both the ana1yt1ca1 method and sampling from
the ship taken into account, are given by Strachan (1973).

| Typical bathythermograph traces for the three basins are shown

in Fig. 2. It can easily be seen that the traces for the Central and

1imnion being isothermal and the thermocl ine temperature change being

~ linear with depth. Further,vthe bathythermograph traces showed that the

water temperature at a station was usua]]y constant from the surface to

the bottom of the lake in the spr1ng and fall. Dur1ng Proaect Hypo

~ (Burns and Ross, 1972), when stations were occup1ed and reoccupied on a

4-day basis, it was observed that any secondary thermal layering in the
ep111mn1on or -hypolimnion had an ex1stence of less than 4 days.
It was decided to exam1ne the water masses in. accordance w1th

their thermal character1st1cs, that is, as 1nd1v1dua1, wel]-mmxed,

'isotherma1.layers. If the lake was found to be isothermal with depth it

3

East Basin are close to being ideal, with both the epilimnion and hypo-
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"ff_was con51dered to cons1st of onTy one layer, wh1ch for the purpose of

B 71;:;3the present d1scuss1on 1s called the ep111mn1on Under strat1f1ed :effi?gj;f;
‘ﬂif;cond1t1ons the lake was cons1dered to cons1st of three Iayers w1th o
‘.i;the ep111mm1on and hypo]1mn1on be1ng we]]-m1xed Tayers and the meso- ;
‘[Vf11mn1on be1ng a pycnoc11ne preventing d1rect mix1ng between the upper
fggand Tower water masses It has been shown that a near—T1near chemoc11ne }ftdgii"

“ffiiTﬂex1sts in- Lake Er1e co1nc1d1ng w1th the pycnoc11ne (Burns and Ross 1972)g_j;ff B

‘fs?ftThe vert1ca1 posit1on of the chemoc11ne was determ1ned for each stat1on

’?hby exam1n1ng the bathythermograph trace and determ1n1ng the depths of

;the temperature d1scont1nu1t1es for that stat1on The depth-we1ghted
_;rmean concentrat1on for each Tayer at each stat1on was determ1ned us1ng
i”{ih”the ca]culat1on scheme shown in F1g 3. | - | ' |

i l‘ Fp111mn1on and hyp011mn1on distr1but1on maps were drawn using fj =
’lﬁﬁthe ca]cuTated depth-we1ghted concentrat1on va]ues for the 56 observat1onf: ?df7ffu
T'Tohirstat1ons and are shown beTow in F1gures 4-19 The arrows dep1ct the hffa'hfﬁs:t:
Thil'rpos1t1ons of water f]ow in. and out of the Take w1th the w1dth of the ,T a“:
“bf;ffarrows be1ng proport1ona1 to the average water f10ws o

The annual mean ep111mn1on va]ues were obta1ned by averag1ng

'"tﬁ,_fthe ep111mn1on va]ues wh1ch were observed for each stat1on dur1ng the 10'f“

”tifsurveys These va]ues were then used to prepare the annua] average -
“T’i€;ep111mn1on d1str1but1on maps wh1ch are shown 1n F1gures 20-23 |

T | | The concentrat1ons of su]phate were measured dur1ng seven g

-'surveys and the observed ep111mn1on concentrat1ons ‘are shown in F1g 24

K The mean concentrat1ons observed at each stat1on for 4 maJor 1ons dur1ng ‘

G EE E IE am IR R R R N g NE @ TE e MR .




" of these layers, Figs. 29, 30.
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three surveys are shown in Figs. 25-28. Because of the large differences

observed between the hypolimmion and epi1imnion concentrations of iron
and manganese during survey 6, dietributions have been plotted for both
The purpose of this report is to present the chemical data
co]]ected during the ten 1970 ship surveys of Lake Erie, in a condensed
and manageable form. A descr1pt1ve analysis of this data has been
published by Burns (1976) and is readily availab1e.
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_Days between surveys -

»
27
3N

25
28
28

35 v“}“ ‘.

19

" Dates <

-
25
23
o

. 25; 
-

-1

- 10

ppril 1970 -
vmay 1970
June 1970 ',
iy 1970
- 2 hugust 1970
August 1970 1 |
September 1970
October 1970
“November 1970
December 1970
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1970 LAKE ERIE PERMANENT STATIONS POSITTION

Permanent
Station :
Number La,titude N. Longitude W
1 42° y7r oo 79° 12t 06"
2 42° Lot 30" - 79° 34t 36"
3 42° L4or Lg" 79° 41 30"
4 42° 26" 00" - 79° 50' cO"
5 42° 120 24" 79° 59¢ 30"
6 42° 281 12" 80° 24t oy
7 42° 09" 06" 80° 6" 30"
8 41° shr oum 80° s55' QoO"
9 42° 150 10" 81° 06' 24"
10 42° 250 48" 81° 12' 20"
1 42° 31t Lo 81° 321 06"
12 42° 23t La" 81° 4Lt oo"
13 42° 16" 54" 81° Lo' 18"
14 42° 06! 36" 81° 3y4' 30"
15 11° k1v oy 81° 36 Lo"
16 51° 34t Yo" 81° 36! 06"
17 41° 33' 06" 81° 39 30"
18 41° 310 g 81° k2' 30"
19 41° 331 48" . 81° Lo' 30"
20 41° 36! 54" | 81° s0' L8"
21 51° 32' ko 82° ob' 24"
22 51° yov sy - 82° 10t 12"
23 11° 48 48" 82° 30' 06"
2k 51° skt L2 - 82° 50t 24"
25 41° s56' 48" 83° o2t Lo
26

41° 53 30" ©83% 11 48"
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TABLE 2 Cont'd

1970 LAKE ERIE PERMANENT STATIONS POSITION

- Station o : . .
Number -~ Latitude N. = Longitude W
et o m®h3r36m 0 83% g9 00"

28 - m®%ur oo 82° 561 00"
29 m® e asm o 82° bkt oot
_‘30i 3  ”." S _fhlo 3hf oo" 82° 38" 06"

31 o 1% st 0 8e° 30t 19"

. 40 . | ) ‘.)4-10 38' 30"._ ) 8202)4' 12"

3 ko3t ke 82 zar aut
R - UL AP L

.35 . : - Ll-lo 57, Shn ' . :' 820 02! 30":
36 . % ssirugt 81 ner 30"
T wsw et w

% - 2% o0 30" 81° 14t 36"

39 o S _ h2°_'ll' 00'" o ' 810 20' -hsn

40 o % a1 A 810 26t ot

k2 42° 30t 00" - 80° 581 24"

k3 S A L oL - 80° k' 00"

e P gon 80° 38" 12" -

45 © k2% o2' u8" - 80° 27 06"
4 Py oo - 80° 120 kot
oo ¥2° 17" 36" . 80° 18" 18" -
o Cb2% 300 5w 8% ogr 12"
oo k236 36" 79° 56 06"
s o w®ust 1t 8% oot bg

s2. R = U LA A FUY-U)

53 ou®arisn o 79° 2kt oo

5k o k% 39r 08" 79

= 08' 00"
55 . o w2%ue w0 78 550 30n

- S AE N W B s o e e & l'll S S Wy by 3 =



~ LAKE ERE

Fig. 1 1970 SURVEY
~ STATION PATTERN

' ----BASIN BOUNDARIES
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- DEPTH

10

~ PARAMETER CONGENTRATION

CMESOLIMNION = 1 (C3+C,)

~ CHYPOLIMNION = (db+dr15 ((d4-dn) Ca+(ds=da)x $(Ca*Cs)+(dy-ds) Cs)

iCig |
" de=EPILIMNION DEPTH
\ ~dp=HYPOLIMNION DEPTH
doCo% C = CONCENTRATION (measured or
S : calculated)
d3Cax
de"—'>

%
o, | B
| d5C5* ‘ ' |

~BOTTOM

dp

CEPILIMNION =}/ (d,C, + (dz=dy)x 3(Cr+C,)
| © +(demd)x 5(Co*Cy)
f(defds)CS).' |

N Fig. 3.  Schematic representation of the method for the calculation

. of depth'-weighted aver‘ages; .

|
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APRIL 7-11

MAY 6 =10
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Fig. 11a
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AMMONIA (p mole 1™)

Fig. 12a
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Fig. 14a -
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~ Fig. 15a
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, 1970
| MEAN - EPILIMNION
' CONDUC_TANCE (micromhos)
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_ APRIL 6-11

© MAY 6-1  NO DATA

JUNE 1-6

Fig. 17a

o N 1970

TURBIDITY (JTU) at
1.0 METRE DEPTH
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| 1970 ANNUAL MEAN EPILIMNION VALUES

" AMMONIA CONGENTRATIONS
~(u moles/I)
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1970 ANNUAL MEAN EPILIMNION VALUES

TOTAL FILTERED PHOSPHORUS
CONCENTRATION (. moles/1)

Fig. 21



1970 ANNUAL MEAN EPILIMNION VALUES

SOLUBLE REACTIVE |
PHOSPHORUS (p moles/1)

SOLUBLE ORGANIC
- PHOSPHORUS ({ moles /1)

' SOLUBLE REACTIVE
 SILICATE  (u moles/1)

.
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. 1970 ANNUAL MEAN EPILIMNION VALUES

NITRATE + NITRITE
CONCENTRATIONS (p moles N/I)

~ CONDUCTANCE
( micromhos)

(p moles /1)




3-7 Juy

. 25-30 AUG - > & A

,) .

_ w/ég )] s _—TB R
g - , / : - '__F1,g. 24a
| | 1970

© .~ MEAN EPILIMNION
~ SOLUBLE SULPHATE (p moles 17')



21-26 OCT

1418 DEC

44

250




~ NOV.25-30

' DEC 14-18

R 17,
Fig. 5 MEAN EPILIMNIOL
~ pH  (pHUNIT



|
%
|

i

o

e

S

302 LR b KAl

*

JETRPES

FOSRYSUPPETE TIPS IR RN

ERPRE PRI VSN ST WIS Y

o r v o S thineatio iR i 40 B

: ; . e . - -

45a

CJuLy 8-7

. JULY 28 - AUG 2

SEPT 23-27

1970
HYPOLIMNION
THICKNESS (metres)




v
¢

ey JULY 28- AUG 2

SEPT 23-27

45b

1970
MEAN HYPOLIMNION
TEMPERATURE (C)




1970

MEAN HYPOLIMNION
SATURATION OF OXYGEN

JuLy 3-7

SEPT 23-27

L

%

.
I I l '

O IR P o S v rearis .



45d

! 3 o 56

St "C T

JULY 28 - AUG 2

AUG 25-30

SEPT 23-27

3 1970
MEAN HYPOLIMNION
TOTAL PHOSPHORUS (p moles 1)

22




MEAN HYPOLIMNION

PARTICULATE PHOSPHORUS ( H moles 1)

7

JULY 3=

45e

JULY 28 - AUG 2

SEPT 23-27

TSP, - i S

! i i l l ! T T
remeess et
o ahﬁﬁiﬂ. y)l I ml« i I i



TR TRV e RS R el

233
(BN =

,_ .,_M ! Z m
.___ mrlﬂ\z w y
m. .__. Wu.. UOH
N > &

\\\\\ =0

< @

W

=2 U

(VI

MH

T

O

T

4561

JULY 28 - AUG 2

SEPT 23-27

. N N -



‘._.‘ . _ . _ u e _i&.'

SEPT 23-27

459

1970
MEAN HYPOLIMNION
SOLUBLE REACTIVE
PHOSPHATE (u mole 1)



JEPTRRUEAE S a2

45h

o g

e 4y

LB

SEPT 23-27

1970
MEAN HYPOLIMNION
SOLUBLE ORGANIC
PHOSPHORUS ([ moles ™)




JULY 28 - AUG 2

SEPT 23-27

1970
MEAN HYPOLIMNION
AMMONIA ( moles ™)



45]

; oz
) P~ 1

__,, m_lu nMU —_
| =8
! 52
} £

\ o
{ a =
>

I
Ll
z &=
. <
' E n
- | o
7 __“ +
d <L
o
: =
=

JULY 28 - AUG 2

USEPT 23-27

- - ?
‘ N O N N r N B e



JULY 28 - AUG 2

SEPT 23-27

,,,,,,

45k

________

1970

MEAN HYPOLIMNION
SOLUBLE REACTIVE

SILICATE (p moles I™)



i .DEC.14;18 |
] NOv.25-30" | |
. - 1970

‘lf o A Fig. 26 MEAN EPILIMNION
: | - TOTAL FILTERED ALKALINITY (u moles £)



. 7-1 APRIL

. s~ MEAN EPILIMNION

FILTERED IRON (p gm Fel™)

Fig. 27 -

- w0
© MEAN HYPOLIMNION .
FILTERED IRON (pgm Fel™)



. 25-30 NOV

~ 7-MAPRIL

25-30 AUG

-

1970
MEAN EPILIMNION

FILTERED MANGANESE (W gm Mn 17)

Fig. 28

P~

1970
MEAN HYPOLIMNION
FILTERED MANGANESE (pgm Mn I )




49

LT (> 1970
TN LN (AT . ~ STATION MEAN
N e TS SOLUBLE POTASSIUM (mgm K 1)

B o F1g 29 '




7-1 APRIL

 SOLUBLE SODIU

50

- Fig. 3

1970
- STATION MEAN
M (mgm Na I7)

0 .



7-1APRIL

_SOa_

- Fig.31

1970
- . STATION MEAN
"6 SOLUBLE CALCIUM (mgm Ca I7)



7-11 APRIL

o~

.51

_ - 8 g v N 3
| ) O ”
. ) i ) 3
J /2 e
- e 1970
STATION MEAN

T8 ' o SQLUBLE LITHIUM (pgm Li I7)

Fig. 32



,52

Section 2: Quantities_and mean concentrations of chemical variab1es

observed inuLahe"Erie.duning 1970.

A descr1pt1on of the samp11ng methods used and a 11st of the
-;var1ab1es measured during the 1970 M.V. Mart1n Kar]sen sh1p surveys is.
g1ven above in Sect1on 1 and the samp11ng station pattern is shown in

Fig. 1. Reasons are also given for the lake being cons1dered as a

single; vert1ca]1y we11-mixed 1ayer, the ep111mn1on during- the unstrati--

fied period. During the stratified period, the 1ake appears to cons1st
| of two vertically well-mixed layers, the epilimion and hypolimnion
'separated byva pycnocline layer; the mesolimnion, which is also a cheno-,
- cline layer. The compntational scheme used to caleulate‘the‘depth-
WEighted mean_station coneentrations fdr each layer.at each station is \
shown in Fig. 3. -

Since higher concentrations of materials were often observed at

vthe shallower shoreline stations than at the deeper offshore stations,
the s1mp]e basin mean concentrat1on for a species was s1gn1f1cant1y higher
than the vo]ume-we1ghted bas1n mean. Thus a vo]ume we1ght1ng scheme was

used for the ca]cu]ation_of the quantjty of a species in each basin. An

area was assigned to each sampling station, as shown in Fig.#33 - whnich

took'into account the area for which the station could be considered to be

'representatiVe The vo]ume below that area’was ca1cu1ated‘for‘each thermal
- layer to obta1n the vo]ume we1ght1ng factor for each layer at each station.
Ep111mn1on and hypo]1mn1on bas1n quant1t1es were obta1ned by carry1ng out :

the appropn1ate summat1ons; These quant1t1es.are est1mated_to be correct

- @ - .-
— - ————s
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~ to within 2;6%-of the quantity computed. Thié is demonstrated below ”

54

a2

'in Section 3 (Table 65).

- The quantities of the various chemical components which have

been computed as>being present in the different water masses in Lake

Erie and shown in Tables 5 tp 16.  These values have been uti]izéd in

computing Takewide budgéts for chloride and total phosphorus; basin

budgets for phosphorus; hypolimnion oxygen budgets and epilimnion

budgets for'tbtal phosphorus, soluble reactive silica and soluble

inorganic-nitrogen. These budgets are shown in detail in the following

" sections (Sections 3-6).

TABLE 3

Symbo1l

L1
N

©5.CA
F.FE
F.MN

5.50,

jUnits of the ionig concentration values calculated

as station and volume-weighed mean concentrations

~ for the individual stations during the 1970 Lake

Erie Surveys..

Variable ' ,: Units
Soluble Lithium Cugm Li 17T
Soluble Sodium  ~ mgm. Na 17!
Soluble Potassium - mgm. K 171
Soluble Calcium - mgm. Ca 17! ;
" Filtered Iron - ‘ ugm. Fe 1']-
- Filtered Manganese ~  ugm. Mn T']

:"So]uble Sulphate . 'umoleS-T-]jv}

- s e

]




TABLE 4 UNITS OF THE VALUES CALCULATED FOR THE DEPTH-WEIGHTED

MEAN LAYER CONCENTRATIONS AT THE INDIVIDUAL STATIONS

"DURING THE 1970 LAKE ERIE SURVEYS -

Symbol

Variable

temperature

Dissolved 6XYgen
Saturation Oxygep

‘Total Phosphorus _

Total Filtered Phosphorus
Soluble Reactive PhoSphorué

Particulate Phosphorus

Organic Phosphorus (soluble)

Reactive Silicate-

Total Filtered Nitrogen

Ammonia

Organic Nitrogen

Filtered‘Chloride

Total Filtered Alkalinity

Specific Conductance 25°C
' Turbidity

PH in situ

‘mgm. 02 1

Unit
0C

%
u moles P 1
umoles p 17!
umoles P 171
u moles P 1
4 moles P 171
u moles S1'02 1
umoles N 171
b moles N 17!
u moles N 171
u moles Cl
u moles CaCO
u MHOS.
TURBf units

PH units
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Section 3:A Lakewide budgets for water, phosphorus énd chloride

The following équations provide-the most concise means of

describing the types ofbbudget calculations carried out in this study.

.‘The'equation used in the water budget calculations isl

Ave».-:gI;VR.-%VOi.ASiG | (1)

where A‘Ve = mohthly change in volume due tb net evaporatidn

or precipitation

' = monthly volume of rfver inputs

Vo = month]y volume of river outputs

AS = mbnthTy change in volume of water storage

G = monthly groundwater f]ow

0.0 (by assumption)

The chloride ion is considered to be conservative within the
Lake Erie system. During 1970 there was no discernible change in the
" mean chloride concentration of the 1ake; thus the fol]owing equations

were used in the chloride budget calculations.

Qi = Qg * AS, _ 3 (2)
where Qci" = annual chloride input

Q%o = annual chloride output -

AS. = annual change in chloride storage

S G BN TN O A AN Or ED G0 G Gn O N O BN aE B s
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Also, |
Up = Qc(n-i) * ? (Vrcrc)n,(n—1) ) g(vococ)n;(n-l) (3)
+ (Dc .
(0S)n,(n-1) (Vpcpc)n,(n-l)"
where - Q,, = quantity of chloride within the lékevdUring
survey n ’

Qc(n-])- = quantity of chloride in lake during survey n-1
(Velycdn,(n-1) = river input of chloride between surveys n, n-1
(Vocéc)n,(n-l) % river output of chloride between surveys n, n-1

(Dc)n (h_]) = djrect dischafge of chloride to the lake between
| surveys _
.‘(Vp pc)n,(n-l) = ‘precipitation jnput of qh]oride between surveys

- Phosphorus is a non-conservative substance in the lake system

and the equation used for the phosphorus lake budget is,

EP . QP“ ) i(VrCrb)n,(h-1) . E(Vocop)n,(n-ij : -(4)

% .

- (Dp)n’(n-]') - (.Vpcpp)n’(n_]) - Qp(n_”

'phosphorus eliminated from or regenerated to the waters

wheré Ep =
of the lake betwéen,SuseyS n and n-1 (budget imbalance)
-Q.i' - ‘quahtity of phosphbrus in-the lake at the time_of survey,h
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Qp(n-15 = quantity of phosphorus in the.]ake at the

time of survey n-]”

(v.C.)

rCrp river inputs of phosphorus between surveys

(v.c.)

oCop river output of phosphorus from the lake

, between surveys
(Vpc.pp)n (n=1) = inputs of phosphorus by precipitation between
| surveys |

(Dp)n,(n-1) = direct discharge of phosphorus to the lake

between surveys

Water Budget

As a first step in obtaining a realistic materials loading
to the lake,'it was considered necessary to obtain a water budget which
- waé essentially correct. Equation (1) was used and the results are
shown in Table 59. Flows for the major streams and rivers flowing into
‘Lake Erie wére 6btained from published records (U.S. Geological Survey,
1970; Water Survey of Canada, 197Q) for the_development of the water
'budget. The storagé was calculated from documented changes in_water
level (Marfne‘Scienceé Directorate, 1973). The imbalance in thé monthly
- budgets was considered to be due to the net‘difference between
precipitation and evaporation and the dpprOpriate change in lake height
was cé]cu]atedf,_The precipitation was found to be greater than the
- evaporation in the‘spring with the reverse'befng the case in the fall;
the énnua] evapofation was_estimatéd‘as béing Qreater than annual
4precipi;ation, whiéh is in'agreement with the ayeragé.pattern (Phillips -

‘and McCulloch, 1972).

. i .
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Lakewide Chloride and Phosphorus Budgets .

The 1oad%ngs of 6h1oride and phosphorus by river'Werev':
calculated by multiplying the integrated continupue flow data of a
river for a month by the mean mpnth]y'concentratibn of the parameterv
as measured by weekly or bi-weekly river sampling programé (U;S.
Geologice1 Survey, 1970' 1967? Ontario Ministfy of the Environment'

Peps Comm. ). Prec1p1tat1on estimates of chloride and phosphorus
were obta1ned from prec1p1tat1on data coTlected by samplers on Pelee
_ Is]and, Port Stanley and Long Point during 1970 (Shiomi, pers. comm.).
‘Non—tributary 1oédings (direct discharges to the lake) were estimated
from the values listed in the report to the International Juint
- Commission (Intehnatipna1 Lake Erie Water Po11ution Board, 1969).
Precipitation'1oadingsiof.nitrogen and ei1ica were,estimated froh some
summer measurementé bf concentratidns of NO% plus NH3vand S1'02 in rain-
fall collected on board a ship in Lake Erie (Matheson, 1974) together
with average summer rainfallhquantities (Philips and McCulloch, 1972).
“Thevestimated ch]prﬁde and phosphorus loadings to the lake are shown
- in Tables 60 and 61. .  The output-1oadings'wehe calculated using the
mean of the. concentrat1ons observed at stations 1 and 55 and the vo]ume
of water discharged through the Welland Cana] and the Niagara R1ver -
| The Buffalo R1ver was considered to be a tr1butary of the N1agara R1ver
and 1nputs from th1s source were not cons1dered in the Lake Er1e budgets
0ng1ey (1976) has raised rea1 doubts as to the validity of

comput1ng r1ver 1oad1ngs by mu1t1p1y1ng the values obta1ned for month]y -

/
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- mean flow and monthly mean concentration. However, it appears that
the methods used for comput1ng river loadings in this study were
adequate since the imbalance in the annual chloride budget (Table 62)
rephesénts'on]y 3.8% of the annual budget. Since phOsphbrus is non-
conservative in the waters of a lake, it is not possible to calculate
the accuracy of a phosphorus budget directly. It is éssumed here that
the whole-lake phosphorus budget has'an'atcuracy similar to that of the
annual chloride budget. | |
Ongley (1976) showé detailed estimates of the mean annual
! input of chloride and total phosphorus to Lake Erie from the northshore
| rivers (excluding the Detroit River) avéraged over the years 1964 fo
1972). Ongley's estimate for énnual mean loading of chloride to Lake
Erie from the northshore is 86,300 m. tons per yéar which compares with
the loadings of 64,400 m. tons from the northshore.tfibutaries
(excluding the Detroit River) included in Table 61 . The northshore
tributary Ioading of phosphorus'ihc]uded in Table 60 amounts to 1644 m.
tons which compares with Ong]ey s estimate of the mean annual 1oad1ng of 1564 m.
tons. These values indicate bas1c agreement between the data sources.
Bes1des va11dat1ng the river input-output budgets, the chloride
budget also permitted estimates to be made of the precision of the
- values calculated for the quantitiés of materials present in the lake at
any one time. Nine surveys of the quantity_of chloride in Lake Erie were
- incTuded in the 1970 investigations.; These surveys gaVe values which

_ were inserted into equation (3) for eight different survey intervals;
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" the results and the survey dates are shown in Table 65 . The standard'

 deviation of the eight differehces between the values on the left and

right hand sides of equation (3) was'épprOximafely 1.3% of the quantityv

of the ch]or1de in the lake, (Tab1e65 ). This value is considered to
be an 1nd1cat1on of the precision of the quant1ty est1mates calculated
for any material samp]es on a 1akew1de bas1s dur1ng the 1970 M.V,
Martin Karlsen surveys. Thus the va]ues calculated for quantities of .
materials_Preéent in the 1ake are of an aécUracy comparable with that
. of the lake budgets for phosphorus and the chloride.ion;

The phosphorus data has been analysed in depth elsewhere

(Burns.1976a).
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Tabre 62 Summary of chloride budget. for Lake Erie in
1970 (metric tons x 103 of CI7).

Detroit River Input . 3530.7
Western basin rivers, discharges and
precipitation ., 184.5
Central basin rivers, discharges and ,
precipitation 865.3
Eastern basin rivers, discharges and
precipitation 72.2
Total Input 4652.7
Storage (mean concn is 25.0 mg Cl hter“) - 76.5
Budget output (estimate) 4576.2
Measured output 4757.1
Imbalance : 180.9
% Imbalance o ) = 3.8%.

. . . TABLE 64 Summary of water budget for Lake
TaBLE 63 Summary of phosphorus budget for Lake Erie Ene in 1970 (km?® -l)
- in 1970 (metric tons of P). }

Detroit River Input o 183.267

Detroit River mput 18,075 Western basin rivers 5.683 .
Western basin rivers, dnscharses and : Central basin rivers 4,228
precipitation 5,723 . . Eastern basin rivers . 3.297
Central basin rivers, discharges and :
precipitation 5,769 Total Input - 196.475
Eastern basin rivers, discharges and Net Storage +3.06
precipitation - 2,494 Estimated Output 193.39
, —_— Measured Output 187.88
Total input . 32,061 _ ‘
Total output 3,843 Difference o 5.51
Phosphorus net loading 28,218 Net evaporation due to difference

- Retention within the lake » 88.0% ~ (emyrY) . S 219

TABLE ,65 Comparison of observed and estimated quantitfes of chloride (units = metric
tons of C1- x 109)

Sttr;'ey dates Survei . Observed Difference?

1970 o no. Esumated quanmy quantlty ) H(Qbserv.'-Est.)
Apr 7-11 1 © Quantity 11.452 11.452
: In - .317
Out .299
May 6-10 2 Est.Q.(2) 11.470
In - .339
. Out ~.433
June 2-6 3 EstQ.(3) 11.376  .11.883 +.507
. In .430 . _
Out  —.402 ‘
July 3-7 4 Est.Q.(4) 11.861 11.493 ~.325
In . 0363 :
Qut —.416
July 28-Aug. 2 5 Est.Q.(5) 11.483 11.473 -.010
: In 301
_ Out — .405
Aug. 25-30 6 Est.Q.(6) 11.459 11.645 +.186
In .369 ,
Out =394
Sept. 23-27 7 Est.Q(7) 11.620 - 11.456 ~.164
In 381
o v Out )
Oct. 21-26 8 Est.Q.8) 11.437 1132 —.108
: In 1394 ‘
_ Out  .351
Nov. 25-30 9 Est.Q9) 11.375 11.288 —.087
: " In ,248 ‘
, - out 214
Dec. 14-18 10 Est.Q(10) 11.322 -~ 11.447 115
asp of difference = + 1. 58 = 1.3%; lake content of chlorme Therefore, accuracy of ship
survey = +2.6%, of quantity calculated )
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Section 4: . Phosphorus basin budgets

Phosphorus budgets for each of the three bas1ns of the lake .

'_ sfwere ca]cu]ated in an 1dent1ca1 manner to: the 1ake budget (equation 4'1 SE

\l

viiv Sect1on 3) except that because of the west to east flow pattern the
R outf1ow from the West Bas1n became an 1nput for the Centra] Bas1n and
:Vthe Centra1 Bas1n output became an 1nput for the East Basin.
| - _: A]though the 1970 surveys d1d not cover a11 of 1970 1t was"
poss1b1e to obta1n an est1mate of the annua] bas1n budgets by us1ng
the results on phosphorus quant1t1es found 1n the bas1ns dur1ng a
"survey conducted dur1ng Apr11 15 19 1971 : Further the assumpt1on was
“made that the phosphorus load1ngs to the ]ake from December 1971 to
- April 1971 were equa],to-those during the_same‘per1od,dur1ng the pre-
lrv1ous year - _.} I | | h
_An 1nterpretat1on of the var1ous processes affect1ng the ‘V

- phosphorus sed1mentat1on and regenerat1on processes is g1ven by Burns'

'_(1976a)

Burns, N. M (1976a) Nutr1ent Budgets for Lake Er1e, 1970 J. Fish.
| Res Board Can. 520 536.
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TABLE gg CALCULATED TRANSPORT OF PHOSPHORUS BETWEEN THE WESI,AND CENTRAL_BASINS

(Positive values represent west to east transport - Metric tons of P)

Survey Interval Diffusive Transport AdQeg;iVe Transport Tota; Iransport
1- 2 16 388 404
2- 3 - : ‘ 6 , 325 331
3- 4 ' ' 10 | ‘ 358 368
4- 5 11 ' 402 o 413
5- 6 ‘ T 14 - 411 | | 425

: 6- 7 _ 10 379 389
7- 8 8 | 416 - 424

8- 9 12 : »'_ 566 578
9-10 7 o 364 N "371
10-1/71 - | 22 2588 2610
Total . 115 6197 © . 6313

TABLE g7 CALCULATED TRANSPORT OF PHOSPHORUS BETWEEN THE CENTRAL AND EAST BASINS

(Positive values represent west to east transport - Metric tons of P)

Survey Interwal Diffusive Transport Advective Transport thallirgpsport
1- 2 | - 0.4 B 209 209
2- 3 . -0.3 233 B . 233
3- 4 ' - 7.5 06 298
-5 - 6.5 78 | 71
5- 6 | - -2.0 . | o 122 120
-7 - 0.6 148 147
-8 . 0.8 | a1 B | | 142
8- 9 11 3 326 - 327
9-10 - 0.2 3 : | 334

1o-1/7i' ‘ 0.0 | , 1350 1380

" Total ’ - -15.2 3247 3231
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Section 5: Hypolimnion'oxygenﬁdeb]etioh'rate'data'for the Central

- and EaStern‘Basins 6f'Lake7E}ié;71970.

The calculation of oxygen depletion rates from the data

v given in Tables 63, 64 is fairly complex. The theory behind this‘

computation has been outlined by Burns (1976b), who gives an .

example of a depletion rate calculation for the Central Basin for

 the interval between surveys 4 and 5. Tables 63 and 64 give the

depletion rates calculated from the data listed in Table 65.

Burns N.M. (1976b) Oxygen depletion in the Central and Eastern
basins of Lake Erie, 1970 J. Fish. Res. Board Can. 33,
512-519. |
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Epi]imnion budgets for phosphorus, soluble inorganic

' East Basins of Lake Erfe, 1970.

~ If a river brings a large quantity of a nutrient into a lake

at a Tower concentration than the nutrient is present in the lake, the

river will act as a diluting factor and its net input into'the Take will

be negative. In the case of a mass budget, the quantity loaded into the

lake is considered independent of the concentration and the loading is

always positive. Mass budgets are easier to use when the behaviour of the

nutrients within the lake is the primary consideration. Net budgets are

preferable when the nature of the different input sources is being

examined, as. follows later in this presentation.

Take water

AX

where V.l

. v2
va
Vo__

and

water masses.

The simple équation for estimating the loss or gain from the

of a non-conservative substance x between the surveys, is:

c

272

gyt WGy Vg - VG ¢ Vg - - 6)

171 b 070

Vo1ume of water mass during Survey 1
Volume of water mass during Survey 2
Vo]ume of water added from source a between surveys

Volume of water added from source b "

Volume of water discharged , .

refers to the concentrations of the nutfient in the‘different

_ The volume of the water is considered to be conservative,
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v2-v1=va+vb‘-v0 - | ‘- - (6_,)_

and .Ax =V, (CZ-CT) - Va (Ca-C1) - Vb (Cb'CT) + VO(C0~C1) (7)

Each of the terms on the right-hand side of the equation (7) give
the net budget'contribution of the individual sources when the
reference concentrat1on is taken as the concentration of the water
| mass during the f1rst survey of any pa1r of surveys.
The equation for the ep111mn1on net budgets of phosphorus

in the Central Basin then becomes,

AP = VZ(CpZ pl) -V (Crp pl) b ‘Vow(cpwfcp1)
observed change input from rivers input from
in quantity and direct discharges West Basin
loss to East Basin - input from input by hypolimnion
- precipitation incorporation
-p S | (8

ex

input from hypo]imnion
by exchange

‘where P = input of phosphorus to the epi]imhion by mechanisms
}other than those Tisted above |
Cp]- = 'concentrat1on of phosphorus dur1ng survey 1
tpz = concehtration of phOsphorus‘durThg‘surVey 2
Vr = volume of river and direct’discherge ihpots between,

surveys

ol
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l ‘ Crp = mean concentration of phosphorus’ in rivers and muni'cip'a] |
. discharges _betweeh surveys | | | A

. o Vow = Vvolume of water flowing from the West into the Central

' ‘ Basin between sUrvéys- . |

' ‘ pr = concentration of phosphorus at West-Central basin epilimnion
" » boundary between-surveys. |

.I ' A-'voe = volume of water flowing from the Central into the East

L B'asih between surveys

. Cpe = concentration of phosphorus at the Central to East Basin
) epilimnion ‘boundary between surveys |

' . _‘Vp = volume of precipitation between s\urvey's,

' Cpp_ = concentra.tio‘h_of phosphorus in p‘rec':ipitat-ioh

. ' Vh = volume of hypo]imhioh‘ water incorporated into epilimnion

Chp = mean concentr‘at.idn of phosphorus in water 'inc‘orporated1

' from hypolimnion to epﬂimnion' . |

S Pex = quantity of phosphorus added ‘to'the'epﬂimm‘on from the
l‘ ' hypolimnion by the exchange mechanism

' The East basin epilimnion budgét_é were ca]cu]éted by using a-
. corresponding equation. Equation (8) can be rewritten as follows so -
: \ that the effect of each source on the mean phosphorus concentration of

' the basin can be calculated; |
. |
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v v |
AP e . _ow(C_-C.)
2 2 :
') . V. | P :
oe - -C h - __ex
+ V—Z— (cp ]) (C ]) VZ (chp cp]) V2 (9 )

‘ The magnitude of these concentration changes can be compared
with the mean concentration écha11y present in the basin so that the
relative effect of each source loading on the phosphorus 1in thg basin
can be observed. This is shown iﬁ Fig.34 . A discussion of all of these
results has been published (Burné, 1976a); showing the individual
contributions of the diffgrent input sources to the epilimnion budgets

for the three major nutrients.
Reference

Burns (1976a) Nutrient Budgets for Lake Erie, 1970. J. Fish. Res. Board
Can. 33, 520-536.
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Section 7: ~ SUMMARY OF THE CHEMICAL DATA OF THE LAKE ERIE PARTICLE STuDY, 1971‘

by

‘F. Rosa

INTRODUCTION

Lake Erie Part1c1e Study was carr1ed out in 1971, at six
‘sam011nq stations (F1935) These stat1ons were surveyed seven times
between May 28th and November 28th approximately once a month The
'parametersmeasured on-board ship were dissolved oxygen, pH, and Eh, while
-water‘sampies fer the other parameﬁers, 1isted in tables 72 to 77, were
collected, tmeated and analyzed back at the shore laboratory in |

Burlington.

SAMPLING AND COLLECTION_PROCEDURE

A

'As the ehip arrived on station, a sounding was taken to
determine,the depth of that station; then, a temperature-depth profile
of the water celumn was obtained by lowering the pump-EBT system to the
maximum denth required, usually one meter off the bottomﬁ At this
' ’point the temperature profile was checked and the sampling depths were
chOsen. The stations were sampled from the bottom up. The pUmp-EBT_
system was raised or 1owered to the'deepest samb1ing depth, the pump
was turned on, a1lowed.to flush for two minutes, then the required |
samples were drawn."After sampIihg at’thaf depth was completed, the
system was raised tp the next depthCand the samp}ing proéedure was’
repeated | | - '

The water from the pump was co]]ected in 300 ml. B.0.D. bott]es
for d1sso1ved oxygen measurements and 1n 500 m] er]enmeyer f]asks

for pH and Eh}measurements. Part1cu1ate ‘organic carbon and part1cu1ate
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/

organic hitrqgen samples were co11ected and filtered through precombusted
GF/C filter papefs. Suspended mineral samples were collected on pre-
combusted and pre-weighed GF/C filters. GF/C filters have a'pore'size

range between 0.80 and 1.20 microns. Phoéphorus, soluble iron and soluble

manganese samples were collected in 250 ml. erlenmeyer fﬁasks and preserved

with 1.0 ml of 30% H2504 per 100 mis. The_fi]tered samples for the above

parameters were filtered through GF/C filter papers;

ANALYTICAL-PROCEDURE =
Dissolved 6xy§en determinations were performed using the winkler

. titration mefhod, TRAVERSY (1971). The_coeffiéient of variation at a
dissolved oxygen concentration of 4.1 mgz'] (128 umoles 2‘]) is T 1.89.

| The pH wasimEaSUred using a Corning pH'metef. The samples and

the sfandard buffer so]utfons were brought to within 2°C»of having the same
temperature before the pH measurements were made. This was accomplished
by fi]]ing a water bathYWith the coldest water available from the lake at
the station which was being sampled. The pH meter was adjusted by means |
- of the temperature compensation control 50*that it wou]d read the correct
‘Va1u§ fdr:both 6f the standard‘bufferfsoiutions. pH readings are reported 
to the nearest 0.01 pH units. An adjustheni Qf +0.01 pH units pef
‘degree was'madé to correct the observed Va1ue.back toAthe pH va]yé which
would héve7been observed in situ.v It is estimated that ‘the bH values are

~ correct to 0.1 pH'unit.
R Y
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The Eh Was measured simultaneously with pH, using a platinum

-electrode and a standard reference electrode. The standard buffer

for Eh was made up of K3Fe (CH)g, K4Fe (CNJg.3Hp0 and KC1. The Eh
vé]ues ereireported to the nearest 1.0 m.v. with an accuracy of a
single reading of + 10.0 m.v.‘

Pehticulate organic_carbon (P.0.C.)and particulate organic
nitrogen (P.0.N.) were analyzed_using the Perkin-Elmer:C.H.N. (Carbon,
Hydhegen, Nitrogen) 240 eIe@entaJ analyzer. This aha]ysis has a
standard deviation of T.Z umoles 2'] for carbon at concentratiqns'
between 50'end 70 umo1es 2 1, and 0.6 umoles & -1 for nitrogeh at
concentrat1ons between 10 and 15 umo]es 2 -1 -

The suspended mineral samples were combusted at a temperature

- of 500°C for one hour to combust any organic material present and then

weighed after 15 minutes. Filter paper blanks were run by filtering

dist111ed water through precombusted, preweighed filter papers which
were then combusted and weighed with a set of samples. The values |
obtained for the‘gain'in weight of the sample filter papers were
adjusted by the change in weight of control papers-which ranged
between -0.1 and -0.2 m.g. The weight of suspended m1nera1 present

is the d1fference between the 1n1t1a1 and f1na1 weight of the test

: f11ters, minus the change in weight of the contro] filters.

Tbta] phosphorus (T.P.) and total filtered phosphorus (T.F.P.)
were ana]yzed accord1ng to the methods out11ned by W.J. Traversy

(Traversy 1971) An except10n to the method was that the samples
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were digested on hot plates ritﬁérbthpn in én aufoclave;' The ppalysisvpas
a standard deviation of 0.03 umOTeslzé]vfor tbtal‘phdsphorUS.cphcehtrations
betWeen 0.3 and 2.0 umoles 2'1PL, and 0,0].umoles zf1 for filtered phosphorus
concentrations between O.T and 0.5 umoles 2-1P.
Iron and manganese were-ana]yzed using the Afomic Absorption method.

. Thé total samples were digested as follows: to 500 mls of sample, 5 mis. of

l 15% H 504 and 2.0 gms of K25208 weré added§ this soiution was digested tp
approx1mate1y 10 mls, then made up to 500 mls with g]ass distilled water.
From this point on ‘the analytical procedure is the same as Traversy (1971).
~The standard deviation for total iron coneehtrations between 0.50 and 2.0

1 35 0.035 umq1es-z“

umoles £ ; for total manganese concentration between
0.10 and 0.50-umole=.s'.z"1 is‘0.005; Total so]uble}iron,and manganese have
~a standard deviation of 0.02 and 0.002 pmoles z'j respectively.

The method for chlorophyll a analysis is described byielooschenko
et al (1972). " | | |

Bacterial p]ate counts were determined on all samples by the
membrane f11trat1on technique using heterotroph1c‘med1um (DUTKA, BELL and ,
LIU 1974) with aerobic incubation at 20°C for ten days.

» Dirétt‘micrpSCOpic bacterial counts were‘detérmined by the

fluofescent microscopy technique‘(BELL and DUTKA 1972).

0rgan1c su]fur-reduc1ng bacteria were determined using the

fo]]ow1ng medium preparatlon

Yeast extract .- 1.0 g.
'Veopeptone S ~5.09.

Cysteine 0.5 4. |
SN 109,

KoH POy 0.54.

DO 1.0z

pH was adJusted to 7. 20 7 m]s were d1spensed in a screw cap tube and i

autoclaved for 10 m1nutes at 10 p s.i.

oS o U0 UR 9B NS We SE TN SN N 8 W a N o o E T
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' ', . The mic?‘obfo]ogy section at CCIW performed all the bacterial counts.
A. The chemical data Which was obtéined on the L.E.P.S. cruises is |
' presented in tables 72 to 77. The microbiolngical data is shown in Table 80.
| |
o _ UNIT TABLE
' Depth , L ~ Metgrs
, Temberature (TEMP) . » %¢
' Oxygen Concentration (02 Conc.) umoles O 2'1
| Oxygen Saturation (OZSat-n.) . | Percent (%)
. | Particulate Organic Carbon (P.0.C.) ~ umoles 2'1
. ' Particulate Organic Nitrogen (P.0.N.) | umoles p]
" Total Phosphorus (T.P.) | umoles 27V
| l Total Filtered Ph.osp'horus (T.F.P.) _ umoles 2']
Total Particulate Phosphorus (T.P.P.) umoles 2'1
. , - Chlorophyl1l a (Chlor. a) ' ugms p7]
. | Total Iron (FE T.) _ o ‘umoles .
,Tota1 Fi]iered Iron (FE T.S.) ' | umoles 2'1
l _ ‘ Particulate Ifon (FEP.) ~ . ﬁmole_s 2'1”
ﬂ , Total MahganeSe (MN T.) - umoles 2"']
Tbt’a"l Filtered Manganese (MN T.‘S.I) v | umoles g
' Pérticu]ate Manganese (MN ?.) ' | umoles y]
pPH | - R pH Units.
| En - Mi111 volts
' Suspended Mineral (S. Min.) N | m. gms 27
. 4 Bacterial Count - #of colonies per .volumfe..
i
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~ Station Co-ordinates

" Latitude N

Station Longitude N
1 41%45" 42" 82%58" 59"
2 41%49' 03" 82%12"14" .
3 42°00' 08" 81°00' 00"
4 42°05' 38" 81%00' 00"
5 42027114 81 00'00"
6 42°27'14" 81%14" 36"
REFERENCES

BELL, J. B. and B. J. Dutka.: Bacterial densities by Fluoféséent Microscopy.
DUTKA, B. J., J.B. Bell and D.L.S. Liu, 1974. Migrobio]ogical examination
of off-shore Lake Erfe sédiments. J. Fish. Res. Board Can.
31: 299-308. | |
‘FOOT,~C.H.'and C.B. Taylor. 1942. The influence of the compositidns of
the médium on thé.growth of bacteria from water. Proc. Soc.
Agricul; Bacteriol., 50: 11—13. | | _ |
GLOOSCHENKO, W. A., J.E. Moore and R.A. Vo]]enweidér. 1972. 17: 597-598.
"~ The seasonal cycie,of pheo-pigménts-in Lake Ontarfo.with-v'-
particu]df'emphasjs on the.ro]e.of'zooplankton'gfazing.
TRAVERSY,‘W. J. 1971:’ Methods for chemical éha]ysis of‘Waters and waste-
- waters. Tech.:Report, Inland Watérs Branch, Dep. Fish;7and |

Forestry,,OttaWa, Canada. 1-]69.-.
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' | o | | CTABLE72 (Stn. #1)

'Date‘ Depth Temp. 0, Conc.. Oy Satn. P.0.C. P.0.N. T.P. T.F.P. T.P.P. Chlor. a

- 1.0 13.8 306 95 107 7.4 1.57  0.21 1.36 12.1

6/5/71 -5.0 13.8 306 95 125 17.0 .69 0.22 1.48 1.7

- 9.0 13.8 306 95 180 27.4 .76 0.23 1.83 9.6

1.0 22.0 263 - 95 91.8 1.9 1.45 0.52 0.94 14.0

'4/6/71 7.3 - 21.0 252 - 90 48.2 5.7 1.10 0.29 0.81 5.9
’ 10.0 17.0 135 42 78.4  11.9 6.65 0.47 6.18 6.2
. 1.0 21.6 259 . 92 55.8 6.1 1.04 0.36 0.67 5.0
9/7/71 5.0 21.6 259 92 51.0 8.1 0.95- 0.40 0.55 4.3

: 9.2 21.6 259 92 47.8 6.8 0.92 0.50 0.41 7.4

' 1.0 21.5 268 % - 102 6.3 1.55 0.38 1.17 28.3
31/8/71 5.0 21.5 259 92 104 5.2 1.39 0.35 1.04 24.5
‘ ' 9.0 21.5 263 . 8¢ - 1M1 6.3 1.59 0.34 1.25 29.1
' 1.0 18.4 272 92 ‘74.2 10.5 2.06 1.36 0.70 - 10.2
8/9/71 5.0 18.4 272 92 70.4 11.8 1.96 1.45 0.51 9.4
8.0 18.4 272 92 71.8 10.8 1.84 1.28 0.56 9.7

1.0 15.7 302 96 73.9 13.1 .38 0.47 0.91 17.7

.6/10/71 5.0 15.7 302 96 89.3 . 14.2 1.44 0.49 0.95 18.0
9.0 15.7 302 96 87.2 14.8 1.40 0.45 0.95 17.9

1.0 4.0 420 99 77.1 12.2 1.90 0.70 1.20 13.6

'8/11/7] 5.0 4.0 420 99 76.2 12.3 1.71  0.72 0.99 13.5
9.0 4.0 419 97 81.3 11.8 1.81 0.75 1.04 13.9
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#2)

TABLE 73 (Stn.

- Chlor.a

!ate_ Depth  Temp. -02 Conc. Oz Satn. P.0.C. P.O.N. T.P. T.F.P. T.P.P.

-----

ooooo

ooooo

ooooo

oooooooo

O oY\ CONM AW
N r— — NN —
........
OO QOO O
~r— 0 o <t o) O

o000 ocoocox
Nl O WrMm
.........
Mt MOt —

—
NN MNONN

---------

— PN - [ EEE 2R
N — r— NANN——
OO O OOO0OO
™M O CO — 0w~

93
9
82

272
265
240

19.6
19.4
19.4

ococo’

10.9

—— —

[8/ 9/7

106
106
102

344
344
325

OO O.

— OO

!/11/71
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TABLE 73 (Cont'd).

Date Depth FE T. FET.S. FE. P. MNT. MNT.S. MMP. PH Eh S. Min. l
, 1.0 8.56 358  2.37 l
26/5/71 5.0 8.51 354 . 2.27 . |
- 10.0 - - - - - - 8.47 354 2.67 = '
15.0 8.47 360  3.21
20.0 8.41 379  5.01
1.0 8.96 380  0.02 '
| 7.0 8.94 430 0.0 |
24/6/71 9.0 - - - - - - 8.84 440  0.06 .
| 15.5 g7 52 027§
. 19.0 | 7.98 560  0.81
1.0 0.25° 0.21 0.04 0.13 0.04 0.09 8.33 440 0.18 - l
29/7/71 7.0  0.25 0.17 0.08 0.11 0.06 0.05 8.45 445 -
| 13.0  0.29 0.11 0.18 0.09 0.06 0.03 8.25 440 -
16.0  0.21 0.20 - 0.01 0.26 0.09 0.17 8.22 475
18.0  1.00 0.32 0.68 . 1.45 1.22. 0.23 7.28 475 ~ 0.61 , l
| 1.0 0.13 0.06 - 0.07 0.16 0.02 0.14 - 8.56 355  1.06 -
31/8/71 8.0 0.12 0.05 0.07 0.05 0.02 0.03 8.46 370 1.06 I
16.0  0.19 0.06 0.13 ~0.19 0.10 0.09 8.27 200 ~ 1.09 -
17.0 0.60  0.23 ~ 0.37 0.38 0.25 0.13 8.00 140 1.34
19.0 14.1 0.72 13.39 - 3.38 3.27 0.11 7.14 -40  4.86 '
| 1.0 1.16 0.10 -1.06 0.08 0.02 0.06 7.71 540 1.21 .
28/9/71 . 10.0 . 0.63 0.10 ~ 0.53  0.08 0.02 0.06 7.71 545 1.42° l
o 19.0 ~ 0.93 0.24 0.69 0.17 0.06 0.11 7.8 545  2.09 |
1.0 1.74 0.16 1.58 0.14 0.02 0.12 8.61" 2.76
- 26/10/71 10.0 1.97 . 0.19 -~ 1.78 0.17 "0.02 0.15 8.5 2.77 l
" 19.0 - '2.32  0.20 2.12  0.19 0.04 0.15 8.5 4.29 =
o 1.0 3.16 ~ 0.19 2.97  0.12 0.00° 0.12 8.64 362 4.11 '
28/11/71 10.0  3.16 0.13 .3.03 0.11  0.01 0.10  8.41 355 3.74
Y 990 284 0.4 . 2.70 0 015 0.00 0.15 8.33° 350 4.3 '
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 TABLE 74 (Stn. #3)

Chlor.

a

P.

T.F. P.

T.P.

P.0.C.

07 Satn.

~ 0p_Conc..

Depth -Temp.

Il Date

I.P.

P.0.N.

<<ttt M — 0NN MW
Wt  — =DM
[ N e Nan o) O OCY WO
—r—r—r-
S MM ONr—
©0 00 00 00 OO M
MMM (oS MoV QIR oV R oN |
NNOO NMWOWOO
OO OO— D
. ——— -
[ Ran N Nan OO0 OO
—_—wmnom — O r— 0w
— NN —r— QN

. 26/5/71

l‘

l 24/6/7

ooooo

ooooo

.....

269
269
259

8.6
18.6
18.6

—
OO

— — QO

1
2

|

303
300
290

16.7
16.7
16.7

1.0

- 26/10/71 10.0
22.0

11.2
11.5
12.1

0.45
0.42
0.50

100
100
100

387
388
388

Oy CO O

coco

—Om

1
2

28/11/1
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" TABLE 74 (Cont'd)

FEP.

- Date -

S.Min.

Eh

MNP. _PH

©MN T.S.

MN T.

FE T.S.

CFET.

Depth

2.40
0.89
0.9
1.7

377
390 -
399
406

TN~ M
I
©0 ©0 00 00

H

]

1

]

]

1
0000
-||503

...|2

—
~
un
~.
)
N

oooooo

00000,

ooooo

......

525
530
560 = 0.33

7.83
7.88
7.93

0.1
0.2
0.1

1.08
1.05
1.20

1.0
26/10/71 -10.0
- 22.0

1
22

1.92
77
2.36

0.14
0.10 -
0.11

1.38
1.15
1.28

0.07
0.08
0.08

1.45
- 1.23
1.36

1
23.

1.0
28/11/71 10.0
3.0
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TABLE 75 (Stn #4)

Chlor.

P.

T.P.

T.P.

P.0.C. P.0O.N.

0p Satn.

T.F.

Temp.

02 Conc.

Depth

Date

107

65.1
83.0
53.6

103
109
102
100

375
400 -
369
356

WO

o oo

OoOOoOWOo
— i 00 —

- 26/5/71

'''''

......

ooooo
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'NO OBSERVATIONS
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TABLE 75 Cont'd

Eh.

PH

MN T.

FET.

Date

Min

. MNP

8.63

8.5
, 8.6
8.65

MN_T.S

FE P.

FE T.S.

: Depth_

1.37
2.12
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375
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- 26/5/71
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TABLE 76 (Cont'd)

FE P.

- FE T.S.

FE T.

OO0 00000 -

Depth

Date
26/5/71

ooooo

1.34
1.8
1.22

.0
10.0
21

.0

1

26/10/71°
28/11/71
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TABLE 77 (Stn. #6)
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TABLE 77 (Cont'd)

FE P. MN T.

FE T.S.

N T.S.

~ Depth- FET.
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NINE_POINT DIGITIZATION CURVE FOR TEMPERATURE PROFILES n '
T = Temperature (°c) E = Bottom of Eojlimnion Depth '
-Z = Depth (m) . ., H=Top of Hyp’o‘lim‘ni'on Depth - '
| TABLE 70 | R
 |pate [ 26-5-71 | 24-6-71 | 29-7-71 [ 31-8-71 || 28-9-71 | 26-10-71 28-11-71
Stn #) T 2zl Tz z 'r.;_z:'f’.’r, T AR zl
~ o.e| 0.0{20.0] 0.0]21.0] 0.0 |21.0f 0.0[18.2 0.0 |16.0{ 0.0 |8.0 ] 0.0 |
10.6| 3.5]19.9| 2.3 {21.0{16.1€}21.0{11.3 | 18.2{ 19.2 |16.0|20.3 |8.0 [20.6 |@
- | 9.9] 3.9]18.8| 3.820.3}16.8 |20.2|12.5 | 18.0] 21.2 | -
5. | 9.6]22.517.7{12.0€|10.2}18.2 |19.0[13.1 | |
' 16.4[14.8 | 9.8/18.8H]19.0|15.6
12.8[17.2 |18.8}20.2 [18.3|16.9E !
11.8/18.0| 14.0{18.0 |
10.1}19.0H 13.3(19.0H
. 9.9(22.5 13.0(20.2 l
| 5.2] 0.019.0] 0.0 l21.4] 0.0 |20.3} 0.0 |17.2] 0.0 }i6.0}0.0 B.5 jo.0 |
4.4}15.0 | 19.0] 1.5 |21.4|18.6 |20.319.5E|18.0{19.3 6.0 p4.0E B.5 B0.0 '
4.130.0|17.1] 3.0 |21.0}19.26 9.8 |20.3 |17.0{19.7E 5.4 p4.8 ﬁ
17.1] 9.0€| 5.5]23.3 | 7.7 [23.6 | 7.3}20.3 |4.8 ps5.8
6 11.5[12.0 | 5.0(24.0H| 7.0 24.2H | 6.8]21.0H | 4.4 p6.3H ,
7.7113.5 | 5.0(28.5 { 7.0 7.8 |6.6/22.7 |4.4 B0.0 l
s.7014.2 | | | 5.8|24.0 |
5.0[15.0H 5.6 27.0
5.0127.0 |




Date
28-5-71

29-7-71

~ 31-8-71

28-9-71
26-10-71

28-11=71

28-5-71

29-7-71

Depth

Table 80  BACTERIAL COUNT

(m.)

10.

1
5.
9

VOI— WU~ WPUOI— YOOI~
SO0 000 OO0 OO0 OO0 00O

o oy —
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STATION

20°C Bacterial
Plate Count
per ml. s

8200
5700
9000

2100
7000
5400

1500
1400
2100

240
280
260

4200
3900
1900

130
250
350

]

 STATION 2

480
700
2100
850
520

770
380
280

1200 -

1800

170
420
200

Direct Micros-
copic Bacterial
Count per ml.

28
75
1

79
81
45

72
74
79

68
72
68

x X X

X X X X X X X X X X

x X .

.

10,
105
10

Organic
Sulphur-Reduc-
ing Bacteria
per 100 ml.

2400
1600
1600

5400
5400
24000

35000
. 92000
160000

3300
3300
3300

92000
35000
35000

330
1300
2400

- 220
130
540
540
240

5400
3500
3500
9200
16000

4900
13800
3300
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'BACTERIAL COUNT
STATION 2 (Cont'd)

o _ i Organic _
- 20°C Bacterial ~ Direct Micros- . Sulphur- -Reduc-
- Depth Plate Count - = copic Bacterial ing Bacteria
Date (m.) - per ml. , Count per ml. per. 100 mi.

3187 175 610 45 x 10° 600
~ 19.0 - 4300 37 x 102 4900
6.0 feet - 3800 C42 x 100 130000
4.0 feet . 3300 . 63 x10° 130000
1.0 110. 45 x 103 1300

B . 10.0 100 45 x 103 1300
28-9-71 | 19.0 - 60 54 x 103 | 3300
. 1.0 660 . 72 x 104 35000
26-10-71 ©10.0 300 70 x 104 24000
19.0 210 76 x 104 54000
, 1.0 21 45 x 102 o 130
28-11-71. 10.0 21 33 x 102 110
19.0 20 54 x 102 240

- STATION 3

o 1.0 760 32 x 103 S 240
28-5-71 5.0 1700 - 27 x 103 130
10.0 620 24 x 103 - 130
23.0 700 32 x 103 , 1600
1.0 770 - 20 x 104 2400

9.0 930 18 x 104 - 2300
29-7-71 - 17.0. 1100 32 x 104 2800
L 19.0 - - 740 ~ 31 x 104 3500

- 23.0 - 1600 81 x 104 | 9200
1.0 - 200 18 x 104 - 2300
9.0 180 | 25 x 104 - 4900
20.0 400 - - 20 x 104 - 3300
31-8-71 21.0 180 38 x 104 - 7900
22.0 120 - 50 x 104 - 4900
23.0 190 38 x 104 2300
24.0 630 23x10 35000

Interface 2100 0 12x 100 150000
» ' 1.0 o g0 45 x 103 12300

28-9-71. . 1.0 70 45 x 103 2300
o x 103 1100

2200 00 27
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 Date

26-10-71.

28-11-71

28-5-71

29-7-71

31-8-71

28-9-71

26-10-71

28-11-71

' 28-5-71
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BACTERIAL COUNT

STATION
- 20°C Bacterial

Plate Count

~ per ml.

- 70
200
440

20
29
18

STATION 4

5500
6500
5900
5300
270
650
600
1200
600

330
180
160
310 -

40
80
60

240
- 100
- 110

NO OBSERVATIONS

STATION 5

260
210
140
200

Direct Micros-
copic Bacterial
Count per ml.

14
18

27
23

X X X X X

X X X X

xX x xR X X X

b3

X X X X .

Organic
Sulphur-Reduc-
ing Bacteria
per 100 ml.

35000
35000
54000

130
540 -
170

240
350
350

1600

2300 .
2500
2800
3500
2400

3300 ’
3300
2300
3300

2300
2300
2300 .

16000
9200
16000

49
49
350
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'BACTERTAL COUNT
STATION 5 Cont'd.

o y Organic
| 20°C Bacterial - Direct Micros- Sulphur-Reduc-
o . Depth ~ " Plate Count copic Bacterial ing Bacteria
Date = (m.) per ml. . Count per ml.  per 100 ml.
1.0 1000 31 x 104 2400
- . 8.0 630 22 x 104 2300
29-7-71 . 15.0 2500 59 x 104 | 5400
S 17.0 1500 63'x 104 9200
20.0 710 66 x 104 9200
- 1.0 230 23 x 104 2300
31-8-71 6.0 130  23x10% 2300
| 12.0 170 23x10% 2300
15.0 190 27 x 104" 3300
17.0 110 47 x 104 24000
20.0 690 95 x 104 24000
o 1.0 140 54 x103 - 4900
28-9-71 8.0 260 68 x 103 4900
| 15.0 480 50 x 103 3300
20.0 . 550 68 x 103 . 3300
- 1.0 1m0 - 68 x 10 24000
26-10-71 10.0 300 70 x 104 35000
- 19.0. 760 72 x 104 35000
_ 1.0 22 90 x 102 : 920
28<11-71 10.0 21 . 68 x 102 1350
| 19.0 32 95 x 102 920
' STATION 6
- - 1.0 300 18 x10; 540
28-5-71 5.0 6200 13 x 105 350
| 10.0 4200 54 x 10y 240
30.0 2800 23 x 10 920
o 1.0 240 16 x 103 1600
29-7-71 8.0 230 19 x 10, 2400
o 16.0 510 - 18x10, . 2400
21.0 470 23 x 10, 3500
27.0 1300 - 80.x 10" 9200
- , 1.0 150 25 x104 - - 7900
31-8-71 10.0 400 18 x 104 . 4900
o 18.0 260 . 23 x 104 | 3300
22.0 470 27 x 104 . - 7900
26.0 x 106 14000

860 83
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BACTERIAL COUNT
| STATION 6 Cont'd

: . , : S Organic

: 209 Bacterial  Direct Micros- - Sulphur-Reduc-
' D Depth ~  Plate Count ~  copic Bacterial - ing Bacteria

. Date  (m.) ~ per ml. : Count per ml. per 100 ml.

103 2300
103 4900 -
_ 2400
103 | 1300
103 2200

160 23
w0 27
240 -3
380 18
400 27

28-9-71 9.

) XK X X X
m—d
O
w

380 56
730 54
400 45
820 11

w04 9200
. 5400
104 2400

26-10-71 13,
100 24000

X.X X X
—
o
Y

bd

—

o
<Y

4 85x 79
-5 : 40 o 33
5 . 37x102 23

x

—

(=)
n

28-11-71 13,
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