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I. Preface

Recent work at the University o.f M:Eqssc:chusens, especially in the
Environmental Engineering Divisioﬁ of ‘:the Civil Engineering Department,
has been directed toward invesfigction%of evtrophication in lakes and in
particular, the interrelationship of bot%om deposits and overlying water
quality. In these studies, the rate cndf mechanism of nutrient transfer
has been examined in lt:-lborctory simuldrions of field conditions, The
ultimate objective however, is to provide information which is applicable
to actual lake conditions, This paper ‘5presents the results of o detailed
survey of lakes in Western Massac‘nuser;i‘ts carried out during the summer
months of (970. The survey will be us;;d to select the appropriate |ake
or lakes for more exhaustive studies of ;nurrienr exchange and to verify
the laboratory findings. Specific chenfiical and biological data were

|
collected during the summer algal bloom period which made possible

. |
the classification of the lakes into their limnological type; eutrophic,
oligotrophic, or mesotrophic. These pertinent measurements along
|
with others will be used in future lake classification studies, |t is

anticipated that forthcoming information will be useful in decision

making steps affecting the future of lakes in Massachusetts.



Il. Rationale for Lake Studies

The main objective of this project was to determine the chemical,
physical, and biolegical classification of s«iclectcd lakes in Western
Massachusetts. Since it was not possible t(:> measure all parameters,
it was decided to measure or observe those ;which are believed to
govern eutrophication, Depth and rempen}:rure, both physical
parameters, were selected since these are éssenrial for determining the
degree of mixing (resulting from thermal st%orificarbn), percent saturation
of dissolved oxygen, correct determinctionh of pH (pH is a function of
temperature} and, vertical variations of the ofher.cimemicoi parameters,

The chemical parameters of interest wefre orthophosphate, alkalinity,
pH, ferrous iron, total iron, and dissolved oxygen. Orthophosphate
was decided upon since it is on algal limiting nutrient (Sawyer, 1947},
and has been shown to be directly related iro algal blooms (Casper, 1985).
Alkalinity and pH were determined to oscértoin the relative buffering
capacity and hydronium fons concenrrcrioﬁ. Ferrous and total iron
analysis were also performed since iron and orthophosphate can be tied
up together in the sediment as either FePO..A, {(Morgan and Stumm, 1964)
or as Fe3(PO4)2 (Harter, 1968). Finally c%lissolved oxygen was determined
in the loke water since it is related to bio|iogicc| activity as well as the
rélotive redox (reduction - oxidation) pore:nticl .

Biological activity was not measured dlirecrly; rather, a visual

description of approximate amount and type was made. This parameter



was chosen since the degree of eutrophication is related to the plant
or alga! productivity of a lake.

The oBove parameters found in the various lakes are those which
would be most significant in determining the degree of eutrophication.
The three basic classes used were eutrophic, mesotrophic and oligotrophic.
By comparing thélchemiéal c-nd biological parameters, it was further and
more importantly hoped that each lake could be classified into one of
the three categories, Further and more importantly, with a knowledge of
the surrounding area, each lake's present limnological type should be
related to the q-ucntify and source of nutrients entering the lake.

Another part of the study dealt with the type of sediment in each lake,
and more specifically the amount of orthophosphate in lake muds. [t
was of interest to study the release of phosphorous at low redox potentials,
and the relationship of interstitial phosphate to the phosphate in the lake
water itself. Samples were collected in core barrels and stored at 20°C
for two weeks to four months to let the mud naturally reach a low redox
potential and to reach an equilibrium with the overlying water. Samples
were then analyzed for orthophosphate, total iron, pH, dissolved oxygen,
and volatile solids content. The orthophosphate and total iron concentration
as well as pH were determined on the interstitial water in the mud only
“since the water is presumed to be at equilibrium with the surrounding solids
and would be readily qvcilcble'?o diffuse out of the mud and Inté the lake
water, Dissolved oxygen was measured to ascertain the relative redox

potential -of the system which should be in a very reducing state. Finally,

nl



the volatile solids content of the muds shﬂould give an indication of the
|

I
organic content of the mud. The entire analysis should show the effect

of reducing conditions on the liberation LF algal nutrients from lake

|
muds,

The results from the lake water and the sediment studies will be

compared to see if a relationship exists between the degree of

eutrophication and the potential of the mud, under reducing conditions,

to liberate nutrients. Comparisons of the various parameters should also

show from what depth in the mud the nu‘rﬁ
i

water and what characteristics in the mu

rients can diffuse into the lake

d are significant in determining

the chemistry and biology of the overlying water,




Il Area of Investigation

The various types of lakes studied were all located in Western
Moésochusefts' within forty miles of Amherst. All of the lakes are located
eifher,wir_hin arkosic sandstones, giacial gravels, or grdnitfc - like igneous
rock;. There are no prominent 0qurop§_of limestone (natural source of
carbonate) which explains the réloﬁve!y low amounts of alkalinity and
the ocidfc (low pH) nature of all of the lakes. |n addition, the lakes
studied are relatively slmcll, between 50 and 130'acres, and are also quite
shallow.

The lakes studied can be grouped into two categories based on depth;
those tess than 20 feet deep exhibiting no thermoc!ine and those deeper
‘than 20 feet (and usually not any deeper than 50 feet) with a well
developed themocline. Morecver, in the former category, there appeared
to be two sub-categories; those relatively frée of algae and those which

showed high amounts of cﬂgce. Metacomet Lake (see Figure )is the only

one which was relatively frez of algae blooms. 1t is located in Beichertown,

Hampshire County, is 74 acres in size, and has @ maximum depth of 18
feet (McCann, 'I970). The lake has a large number of summer residence
homes as well as swimming facilities and reasonable fishing., Water lilies
“and marsh-like areas are the only obvious indiccﬁions that the lake
contains some nutrients,

Within the same drainage basin are located two other shallow lakes,

both of which were popula-red with high amounts of algae during the time

e



Figure |

Metacomet Lake
Belchertown
Hampshire County

Area = 74 Acres

"x indicates sample station"



of the study. These are Aldrich Lake (see Figure 2) and Forge Pond
(see Figure 3). Batchelor Brook empties into Forge Pond and then flows
into Aldrich Lake. Both lakes are located in-Granby, Mossachusetts,
and' receive the effluent from the Belchertown State Hospital treatment
plant via Batchelor Brook. Forge Pond, at the time of the study, had
been partially drained due to a cracked dam and was only 6 feet deep.
Aldrich Lake was about 13 feet and, because it was created about 1910
by the construction of a dam, has only six to ten inches of mud covering
the sand and humus bottom,

The last lake to be discussed in the shallow category is Lake Warner
(Figure 4), tocated in North Hadley, Hampshire County. It has an area
of 68 acres, and a maximum depth of [0 feet (McCann, 1970). This lake
wcslformed‘ by construction of a mill dam on the Mill River and exhibited
obundant growths of algae, mainly Anabaena sp. and Anacystis sp.

The lake receives sporatic (?) slugs of sewage from the overflow of the
Amherst Treatment Plant which eventually enters the lake via the Mill
River.

In the other category, those lakes with thermal stratification, there
are also two sub-categories but not as easily separated: those with depth
-of 30-40 feet and others with depths of greater than 50 feet. Lourel Lake
(Figure 5) is located in the towns of Erving and Warwick, has an area of
5! acres, and @ maximum depth of 32 feet (McCann, 1970). The lake is
quite clean with bathing (Erving State Park), boating, and fishing. No

algae were evident although there was abundant bottom plant growth,
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Figure 2
Aldrich Pond
Hampshire Co,
Granby, Mass.

"% indicates sample station”

Figure 3

Forge Pond
Hampshire Co.
Granby, Mass,

"% indicates sample station"



Figure 4

Lake Warner
Hadley
Hampshire County
Area = 68 Acres

"x indicates sample station"



Figure 5
Laurel Lake
Erving Warwick

Area 51 Acres

"x indicates sample station"



Lake Wyola (Figure 6}, located in Shutesbury, Franklin County, has

an area of 129 acres, and a depth of about 34 feet (McCann, 1970).

This lake also has bathing, boating,-and fishing along with a large
summer population of shore residents, .At the eastern end of the lake
(influent of two streams), a large area of marsh and underwater plant
growth is evident, but little, if any floating algae are present. Lake
Maitawa (Figu.re 7), is also in this group. Located in Orange, Mass.,

_ this lake has an area of [12 acres, and a depth of about 40 feet (McCann,
1970). Like the others; Loke Mattawa has fishing swimming, ond boating
~as well as a large number of summer homes, Some water lilies are present
in the extre.me southeastern corner, but no other area Has any bottom plants
and no floating algae was oBserved.,

In the category of deeper lakes with stratification are Norwich Pond
and -Asnacomet Pond. Norwich Pond (Figure 8), located in Huntington,
Hampshire County, has an area of {22 acres, and a maximum depth of
53 feet (McCcnﬁ, 1970). The water itself is very clean and accomodates
fishing, boating, swimming, a summer camp, and a large summer population,
There are a few underwater plants and no algae present. Asnacomet Pond
(Figure 9), in Hubbardston, Massachusetts, has an area of 127 acres, a
maximum depfh of 55 feet, and occasionally serves as a water supply for the
MDC (Metropolitan District Commission) system (McCann, 1970). Asnacomet
F;ond has all of the recreational facilities found in the other lukes described

and is surrounded by a moderate number of summer homes. No evidence was

"o



Figure 6

Lake Wyolui\
Shutesbury I‘
Franklin Ccu?.jmty
Area = |29“Acres

"x indicates sample station"
|
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Figure 7

Lake Mattawa
Orange

Area =112 Acres

"x indicates sample station”
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Figure 8

Norwich Pond
Huntington Hampshire Co.

Area 122 Acres

"x indicates sample station"

14



Figure 9
Asnacomet Pond
Hubbardston

Ared = 127 Acres

"x indicates sample station”

15



|
found of attached plants or algae, and the water itself was very transparent,

It would appear from the forgoing that <i!>nly the very shallow lakes have
algae problems and only those that re'ceiverdirec? input of sewage suffer
from algae blooms, All of the deeper |0|<eils tested showed no algae

|
blooms and were quite the opposite being very clean lakes. The only

shallow lake, Metacomet, that did not hovle algae blooms had been

previously treated with sodium arsenite to ll‘dll attached plants, This fact
|

:|
along with its greater depth and no direct sewage input may explain why
it is not in the same condition as the otheri‘shcllow lakes.

' |
The following table gives a summary oﬁ| the pertinent data:

16

Lake Maximum Deprh‘E (feet) Thermocline Algae Group
I. Metacomet Lake 18 “ No few shallow
2. Aldrich Lake I3 ‘\ No many  shallow
3. Forge Pond 6 | No many  shallow
4. Loke Warner 10 No many shaltow
5. Laurei Loke 32 ‘i ‘fes none deep
6. Lake Wyola 34 ,‘ Yes few deep
7. Lake Mattowa 40 Yes none deep
B. Norwich Pond 53 | Yes none deep
9. Asnacomet Pond 55 I Yes none deep
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IV Method of Analysis

The study consisted of two separate series of analyses. In the lake
water study, on site measurements of temperature, depth, alkalinity, pH,
dissolved oxygen, ferrous iron, and total iron were preformed in order
fo avoid any changes in these .pcrcmerers. Temperature was measyred
with a portable thermal probe lowered into the water in order to obtain
a complete profile of temperature, Additionally, a Heathkit depth
sounder was used to determine total depth and the contour profile of the
lakes, Alkalinity {as determined by acidimetric titration), pH (Orion
pH meter), and dissolved oxygen (Delta Portable galtvanic cell) data
were taken ot specific depths with a | liter water sampler. Ferrous (Fe’rz)

+2

and fotal iron (Fet? and Fet3) were measured colorimetrically with the

aid of a Hach Portable Colorimeter. In contrast to the field deteminations,
orthophosphate analyses were performed in the laboratory. The method
adopted for low level measurments of orthophosphate (F‘C)-34 as P) was

that employing ascorbic c~id and extraction (See appendix 1 for method).
Readings were taken on a Spectronic 20 and values determined from

the calibration curve {(Appendix |}). This method vias also used on
determining free PO'T3 ~P in the interstitial water of the mud after
oppropriote dilution (Sutherlond, et.al., 1966). All of the other
parameters were observed visually and recorded in the field. These include

visual assessment of productivity, amount and type of attached plants,

benthic organisms, appearance and character of mud and source, if any,



|

of pollution or number of homes on the lake.
. The mud study involved some of the aBbve parameters as well as

volatile solids and water content. Sumpleu's were taken using a modified

Benthos coring device lowered from a 14 foot boat by means of a winch

and boom. Ah Echmah dredge was used to determine mud type and to

take samples for benthic organisms. Cores from the lake were., after
storage, analyzed for diss‘olved oxygen, p;;H, and or.rh.ophosphote in the
same method as previously described. Tot"ul iron was determined using
the phenanthroline methed (Stondard Merhods, 1965) and readings
determined on the Spectronic 20. Actucll values were determined from
the calibration curve {Appendix I11). Vojotile solids and water content

were determined on the various samples ch recorded as percentages

rather than in mg/gm so that comparisonsibetween the various lakes
|

could be easily done, (Standard Methods; 1965 and Sawyer and McCarty,

1967). All of the core analysis data wosﬂdetErmmed wsth respect to depth

in the core so that variations of these paﬁometers could be correlated to
depth in the mud. Orthophosphate and rf|otul iron were measured by first
centrifuging the mud to extract the inter;tirial water, whilé pH, volatile
solids, ona water content were determinrid on the entire sample. Data
gathered in the field, especially iron cmf:! orthophosphate concentrations

of the overlying water, was used as initifal values against which the aged

core values were compared,

18



V. Observations on the Lake Study

The data gathered on the lake water study has revealed many good
corrclations between the lakes, All of the actual data is presented in
tabular form in appendix 11}, Graphs of the various parameters are
presented in the text to show how the lakes appear to group into different
cc}egories depending on their temperature and dissolved oxygen profiles.
(Sampl e dates are given on each figure),

Figure 10 shows that Metacomet Lake does not exhibit a thermocline
but has o gradually decreasing dissolved oxygen profile with all other
chemical parameters increasing in concentration with increasing depth.
The increase in HY, iron, and alkalinity can all be attributed to the
decrease in the redox potential (lowering of D,0O.) and increase of C02
from bacterial activity at the bottom, Of interest is the low amount of
algoe present in this loke compared to the next three lakes.

Figure || and 12 are the temperature - dissolved oxygen profiles for
Aldrich Pond and Forge Pond, respectively. Both are similar to Metacomet
Lake in that neither exhibits a thermocline; however, they differ quite
ﬁarkedly from Metacomet in their dissolved oxygen profile. Both lakes at
the sur.Foce are supersaturated with respect to dissolved oxyger‘m (between
I.5 and 2 times the saturation values}. The gradient of the oxygen profile
is quite steep. This extreme condition is explained by the presence in
both la‘kes of high co.nCEnTrcﬁons of algae which cause the supersaturated

‘condition at the surface while the utilization of oxygen by benthic bacteria

19
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Metacomet Loke ||8—27-7O
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~ Figure
Aldrich Pond 9-10-70

"Dissolved oxygen and Temperature vs, depth"
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Fe Total = .5 mg/L
PO4=||8 ppb Water
15 ] e Mud
0 l5 *0 5
Dissol ved Oxygen (ppm) _
Figure 12
Forge Pond 9-10-70 and 8-18-70
" Dissolved oxygen and Temperature vs; depth"
Temp °C
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IO_T PO, =1 mg/L in mud
b g l_lO _TIS




in their breakdown of dead algal cells resuited in the extremely low

values of D.O. observed at the lake bottom'% Both lakes show tremendous

amounts of PO 43 -P in both the water (120 - 150 ppk) and mud (1000 ppb).
I|

Moreover Aldrich Pond showed a very large “decrecse in pH from surfoce
‘* .
to bottom, Further comparison of Aldrich Pc'?nd with Loke Metacomet

reveals a three-fold increase in alkalinity. UThe relatively high alkalinity
‘ o | |

end rapid change in pH from top to bottom c]rre attributed to the algal

bloom present at the surface (Gahler, |969),‘\. The lowering of D.O . and

_ the redox potential by benthic bacteria is rLsponsible for the shift in pH

|
and the increase in total iron with increasir?g depth.

Figure 13 illustrates the temperature - dlissolvecl oxygen data from

Lake Warner for both inlet and outlet. Coﬁnporisons between the two
j
show a similarity to the previous data for Aldrich Pond. Like Aldrich

ond Forge Ponds, que Warner has the same type of oxygen profile with
supersaturation at the surface and well beliw saturation at the bottom
(6 to 9 feet). The presence of an algal b|c||>om is evident in the oxygen
profile as well as the changes of pH and alkalinity between the inlet
and outlet. PO4-3-P is also very high in‘!ithe lake water (25 ~ 50 ppb),
|

being much. higher than the 10-15 ppb voluJe needed to produce measurable
algal blooms (Cusper, 1965). ii

The four Ickes already described fit into the category of shallow lakes
cind all but one show the control of algal Ltooms on the chemistry of the lake

water, Loke Wamer is quite illustrative of the rapid change from top to

bottom of pH, D.O., and alkalinity due to algae blooms, Also of note is that all

22
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H

of the lakes with algal blooms had high amounts of orthophosphate,
high pH values, and fairly high alkalinities,

_The other group of lakes investigated all had sufficent depth *o.
develop a thermocline, Data collected in i;aurel Lake (Figure |4}
shows a r.ypical pattern of near soturorion'v%:lues of D.O. at the
surface and increasing vlaues of D.O . as H“Ixe temperature decreases
with depth. At‘ the thermocline, the D.O rapidly decreases due to
chemical and bocterial uptoke. of oxygen olnd low' rate of diffusion of
oxygen across the thermocline, This loke,i‘oiong with some of the others,
shows the very fow pH and orthophosphate ‘"in the {ake water which
would appear typical for this typé of oligo::throphic lake. Of interest
here is the very low concentration of orthoi:p'nosphute ( 40 ppb) in the
mud compared to the concentration in the “mud of Forge Pond (1000 ppb).

Results of studies in Lake Wyola (Figure 15) show the same chemical

~ and physical pattern as observed in churely‘ Lake. Additional information,
probably typical of the chemical changes in all o‘F the deep lakes is
also eslfident. 1t oppeu;s tho.t H*, iron, q‘nd probably alkalinity increases
tremendously with depth. The sharp increase in concentration of iron
from top to bottom illustrates this trend niléely. This increase is directly
due to rHe lower redox potential of the wErer below the thermocline
(Mortimer, 194]). The D.O. profile for I}J;cke Wyola, after the fall
overtumn with the c;ncomitant effect of rr!{ixin.g the top and bottom

waters is shown in Figure 16, Dissolved oxygen is near saturation for

almost the entire depth with a rapid dec riecse near the mud interface.

24



Figure 14
Laurel Lake 7-30-70

"Dissolved oxygen ond‘Tempercrure vs. depth"
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Lake Wyola 8-11-70 arl:d 9-3-70
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~Figure 16 . 27
Lake Wyola H-7-70

"Dissolved Oxygen and Temperature vs. depth"
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The alkalinity is much lower than in the summer and is uniformly

|
|

Lake Mattawa (Figure 17) once again exhibits the typical summer

pottern for dissolved oxygen in an oligotrophic lake. The very low value
| -

of orthophosphate in the epilimnion would. probably be contrasted with

distributed as is the pH.

high values of Pb4-3 -P in the hypolimniLn (Mortimer, 194]) due to

the lower redox potential below the therm:ocline. Norwich Pond,

(Figure {8) is also similar to Lake Motfow% and shows, like Laure! Lake,

the very low concentration of orrhophospl'{?q?e in the mud water,

. 5
Asnacomet Pond represents the deepes!t lake studied and shows,

i

perhaps better than any of the other Iake%, the typical dissolved oxygen-
temperature profile of a stratified lake. Vhe profile (Figure |9) shows a
rapid increase in D.O. with depth until the thermocline is reached.

Reduction of D.O. below the thermocling is slow until a few feet from

the bottom, where the concentratiOn'dimjnishes due to the uptake of

oxygen by benthic bacteria,
The chemical data on the nine lakes “Iwould appear to group them into
two separate categories with a few minor!i exceptions. All of the shallow

lokes, except Metacomet, have algal b!;r;boms, high pH and alkalinity

vatyes, and very steep gradients to theirmD.O . profiles, Metacomet,

due to its slightly greater depth and no d||| rect input of sewage appears

to fall outside of this category. Also, since it had been treated with

sodium arsenite just before the sampling period, no accurate phosphat
determinations could be made due to the interference of arsenite with the

28
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Figure 17

Lake Mattawa 8-30-70

"Dissolved Oxygen and Temperature vs. depth"
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Figure 18 q
Neorwich Pond 8-20-70

"Dissolved oxygen and Temperature vs. depth”
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Figure 19
Asnacomet Pond  8-4-70

"Dissolved oxygen and Temperature vs. depth"-
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chemical analysis.

All of the stratified lakes, with the possible exception of Lake
Wyola, show a very similar pattern of I;:>w orthophosphate oﬁd alkalinity
vﬁlues, low pH vq!ués, and well de\._reiopéd dissolved oxygen profiles,
Lake Wyoig fénds to be more mesotrophic iwith higher alkcli‘nity and
orfhophosphate \.IG}UES and is potentially the only deep lake studied

Wh.ich could eventually have algal blooms.
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VI. Ohbservations on Core Studies

A‘ good correlation between lake water and mud core studies was
obtained, All of the actuol data c:p.pecrs in Appendix |V and graphs
of iron, pH, and phosphate as a function of core depth appear in the
following text. Composite graphs are presented with pH plotted on the
far right and iron and phosphate on the feft, [n some instances, it was
necessary to plot iron cmc.i phosphate data points onto the pH graph;
simple extrapolation of the values should be used to find the correct
concentration, lron, phosphate, and pH as a function of mud depth
is shown in Figure 20 for a core obtained from Metacomet Lake. Due
to the low redox potential imposed on the system, the iron concentration
is about 4 times greater than in the actual lake water., The pH is about
the same as in the lake water with increasing ocidity as one goes deeper
into the mud. PO4-3-P is fairly low in the sediment with values increasing
at depths greater than 10 inches.

Figure 2| shows the core data obtained from a Aldrich Pond sample.
The most obvious difference here is the extremely high concentration of
orthophosphate at thé mud interface (400 ppb), the decline in PO4-3-P
with depth until it again increases below 5 inches. The core water
concentration of orthophosphate with high (55 ppb) bqt not as high as
in the lake water (122 ppb). This difference is probably due to adsorption
of t'ne'p'nosphure by the plastic core liners, Qf note here is the decline

in iron with depth fo around 2 mg/L.
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Lake Metacomet Auvugust, 1970 (3-1-71)
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Figure 2| 35
Aldrich Lake September, 1970 (4-12-71)

Iron, phosphate, and pH vs, depth in core
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Similar data for a Lake Warner core is shown in Figure 22. The
high concentration of orthophosphate in theﬁiwatér above the core
(38 ppb) is quite similar in magnitude to th“t detected in the lake
water stu_dy (25-50 ppb). Moreover, core st:mples from Lake
Wamer and Aldrich Pond both exhibited High phosphate co.ncentrc:tions

above the core. Orthophosphate was present in high concentrations

- {460 ppb) .in the mud near the interface cnd!decreosed to a depth of

10 inches aftér which increases were oppcre‘int. The distribution of iron

here appeared to show a similar pattern wuth a high concentration
near the interface and a decrease to o déptth of 10 inches.;; Below
this depth, the iron concentration did not c|goin increase as did the
phosphate but remained at a rather constonf‘ value.

The three lakes c:l‘re_ady described are n"\ the shallow lake category
and two of them, Warner and Aldrich, boti;) show high conceﬁrrati.ons

of phosphate at the interface and relatively high concentrations of

phosphate in the water above the core, M‘!etacomet, shows a quite

different-‘ pérrem with low concentrations of phosphate in the interstitial
. o Lo
water at the interface. (Analysis of orthophosphate in the lake and
core water was impossiblé due to thg éresence of r'esidualr arsenic
originuting' frorﬁ_o weed control progrc:m).i
In'orde'r to show uniformity or differenées in the method for analysis

of the muds, four separate cores from Lake Wyola were studied, The

similarity in phosphate concentration patterns for two cores are illustrated
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 Lake Warner August 1970 ( 1-9-71)
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in Figures 23 and 24. The following observations were made: o very

low concentration of PO4- -P in the ¢ore water (5 - 7 ppb), an
increasing' concentration at the interface (100 - 179 ppb), a decreasing
"concentration to a depth of 8 inches, and fi.inally a répid increase
with greater depth. lron in both cores wasihigh necr the interface
- .4 mg/L),. stqk;ilizing at about 1.5 mg/Llwith increasing depth
in the mud. |
|

Figure 25 shows the results of the core analysis on a third core

-from Lake Wyola. Phosphate concentrations were similar to those

shown in Figures 23 and 24, The distriburi,clm of iron, however, appeared
different wit.h a very high concentration of-liron in the water above the
core, This may be due to either lower or h:Igher redox potentials reached
in this core compared with the other cores tmore ferrous iron or more
ferric hydroxide respectively). [t may c:lsoi be noted that the iron
concentration as a function of depth follows the same pattern as shown

in previous graphs with stabilization below 10 inches.

Finally, Figure 26 shows the results of ‘junolysis on a Lake Wyola core

that had been aerated and agitated for 15 minutes before analysis took

place. Here, the pH increased considerably, as did the iron concentration,

The high PO4-3-P as well as the high iron‘concentrctiom in the water

are easily expiained by the mixing of the water with the interface mud

~ which tends to resuspend the mud in the water thus yielding higher
' |
concentrations of both parameters. Another possible explanation is the

o]



Figure 23 39

Lake Wyola  9-4-70  (3-10-71)

lron, phosphate, and pH vs. depth in core
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. Figure 24
Lake Wyola 11-7-70 (1-25-71)

Iron, phosphate, and pH vs. depth in core

Fe in mg/L

S
=N

pH

s (2D
.
—
W
w
S

6.0
i

6,5

40

Depth
in
Inches

20 P

Water

pH

v ]
100 200

[} E
300 400

PO4 in ppB



Figure 25 “
Lake Wyola [l-I-70 { 2-22-7})

Iron, phosphate, and pH vs. depth in core
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Figure 26

Lake Wyola 11-7-70 (11-21-70)

lron, phosphate, and pH vs, depth in core
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rapid migration of PO4*3-P and iron from the sediment to the overlying
water due to the rapid change in redox potential. Finally, it can be
seen as from the other graphs that the iron concentration st.ubilizes
below 10 inches,

The core data for Lake Mattawa is shown in Figure 27. Here, the
typical pattern shown by a ﬁlean, oligotrophic lake is evident. There
is a very low concentration of PO4-3-P in the water above the core as
well as in the interstitial water, A slight increase is noted below 15
inches, but, compared to the eutrophic and mesotrophic lakes, this
increase is still very small. lron also shows the same tendency to stabilize
at depths below 10 inches, and the pH tends to become more acidic with
depth,

Separation of each of the lakes studied appears to fall into three
different groups. Lake Warner and Aldrich Pond fall into the category of
eutrophic since both possess very large amounts of PO4*3-P in the sediment
which is reflected in the relatively large orthophosphate concentrations in
the overlying water. Both lakes therefore possess large reservoirs of PO4-3-P
which may then diffuse into the lake water thereby support large blooms
of algae, Metacomet Pond and perhaps Lake Wyola are mesotrophic in
that each has moderate amounts of orthophosphate in the interstitial water
which in turn indicates a tendency of the overlying water to contain near
bloom quantities of orthophosphate. The core taken from Lake Mattawa

was the only one exhibiting a definite oligotrophic character. Here, there



Depth
in
inches

Figure 27
Lake Mattawa August, 1970 ( 1-20-71)

Iron, phosphate, and pH vs. depth in core
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seems to be a very low chemical gradient between the interstitial water
and the overlying water with respect to orthophosphate. 1t could be
presumed tlhc:t if diffusion of orthophosphate from the mud did occur, the
actual amount would be very small, especially when compared to that
occuring in Aldrich Pond or Lake Warner.

The data obtained from the water content and volatile solids oﬁalysis
of the muds appears at first to be inconsistent with the previous classification
based on chemical data. Lakes that have been c¢lassified as being
eutrophic actually appear to have very low water and volatile solids content,
Eutrophic lakes, n contrast, would have a very high volatile solids content
since the bottom should be composed chiefly of dead algal cells. The
data is plotted on the foliowing graphs with water content and volatile
solids (both as percentages) as a function of depth in the mud,

Lake Warner and Aldrich Pond are the two lakes where the inconsistency
between the chemical qnolysis and the volatile solids content is present,
Figure 28 illustrates the variation in water content and volatile solids
content in the core obtained- from Lake Warner. The average water content
was 65% while the volatile solids content was 10% . This data must be
disqualified since the core was taken near the outlet, only 7 feet from shore
and only 10 feet from a bridge. The location of the sample was in an area

“where a tot of riverbank soil, sand, gravel, and wood had been deposited
on the bottom. This, it is felt, is not a typica! lake-derived sediment

and has led to the erroneous results. Similar data derived from Aldrich

45



Figure 28“
Lake Warner August, 1970 ( 1-9-71)

Water Content and Volatile Solids vs. Depth in core
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Pond (Figure 29) yields o core water content of only 30% and volatile
solids less than |0%. Aldrich Pond was formed around 1910 by.a dam.
The bottom sediment obtained from the core sample was only about 6
inches deep, being mixed with coarse sand, pine needles, and soil
which composed' the original bottom. This mixture was not considered
to be a typical lake-derived sediment and could not be used to compare
it to.rhe other [c;kes. |

The data from the other lakes does not yield strikingly different
results, but some trends can be identified. As shown in Figure 30, the
volatile solids content averaged about 50% for a Metacomet Lake core
while the water content was about 93%.

'Figures 31,32,33, and 34 illustrate the pattern of water and volatile
solids content obtained in four di_fferenr cores from Lake Wyola. These
are all very similar. Water content was approximately 90 and volatile
solids content averaged about 28%. All graphs show a maximum volatile
solids content near the interface which decreases to a minimum near the
5 inch depth and then increases slightly at lower depths. That this
variation is significant or merely reflects the method of extracting the
mud from the core is hard to answer. 1t does seen however that higher
amounts of volatile solids are found at the mud-water interface than at
stightly deeper depths. This appears reasonabie since new organic matter
is always being deposited at the interface.

The average water content (90%) of Lake Mattawa, as shown in Figure

35, is cbout the same as that for Lake Wyola, Lake Mattawa had a



Figure 29
Aldrich Lake September, 1970 ( 4-12-7])

Water content and volatile solids vs. depth in core
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Figure 30
Lake Metacomet August 1970 ( 3-1-71)

Woter Content and Volatile Soldis vs, Depth in Core
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Water Content and Volatile Solids vs. Depth in Core

Figure 3l

Lake Wyola 9-4-70 ( 3-10-71)
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Figure 32
Lake Wyola 11-7-70 (1-25-71)

Water Content and Volatile Solids vs. Depth in Core
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Figure 33
Lake Wyola Il-1-70 (2-22-71)

Water Content and Volatile Solids vs. Depth in Core
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Figure 34

Lake Wyola  11-7-70 (11-21-70)

Water Content and Volatile Solids vs. Depth in Core
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Figure 35
Lake Matiawa Avgust, 1970 ( 1-20-71)

Water Content and Volatile Solids vs. Depth in Core
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slightly higher volatile solids content. Since Lake Mattawa has previously
been called oligotrophic and Lake Wyola has some indications of being
mesotrophic, the volatile solids data appears to be inconsistent, The only
justification for this d ifference may be in the original rationale for
studying volatile solids. It is possible that the intuitive idea that a large
volatile solids content c-orreldtes with large concentrations of orthophosphate
is not strictly vc;lid. O ther mechanisms such as redox potential, intensity
of bacterial action, or initial input of phosphate could be more of a
control of the systém than volatile solids, The supposition that a eutrophic
lake would have more organic matter in the mud than in an oligotrophic
lake is obvious, but the correlations from this study seem to indicate that
a study of volatile solids alone is not a good criteria upon which to

classify lakes.
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VII. Relationship of Orthophosphate and |I|lr<‘)n

The role of iron in tying up orthophosphate in water as FePO4-
have been extensively reviewed and srudie;‘d (Stumm and Morgan, 1964).
Earlier works (Hutchinson, 1941) stress the formation of FePO 4 in lake

water and its presence in mud as the main inorganic mineral controlling’

the concentration of orthophosphate. Figure 36, is a composite

(Garrels and Christ, 1965, Stumm and Morgan, 1970} of the iron

system relating species present to the Eh dnd pH of the system, Also

shown are the regions of lake water envirénments and fresh water

mud environments with respect to Eh and pH. Boundaries on the graph
are at 1078M between ions and solid phc?es and boundaries between
two ions separate fields dominated by the,‘lobeled ions. [t is obvious
from the graph that tHe concentration of ﬁree ferric ion is very small in
lake water c.md almost nonexistent in the mud. Any ferric ion in
water will occur as Fe(OH)5 or possibly cls a complex ion. Secondly,

the equilibria of FePO , with ferric iron and orthophosphate would occur

4

|
at concentrations much higher than those! present in the lakes studied,

A much more faverable mechanism is the 'sorption of PO 4 into the

predominant ferric iron species, Fe(OH)3 (see graph):

- |
FE(OH)3+ H2PO4 =FePO, * 2Hp0 + OH™ (Stumm and Morgan, 1970).

This form, known as strengite, is a mineral present in oxidized sediments

and the sorption of PO4-3 increases with a decrease in pH. A similar

|

sorption mechanism may also be occuring in the lakes studied. This would
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be the formation of variscite;

Al(OH)3 + HoPO 4~ = AlPO, * 2H,0 + OH™ {Stumm and Morgan, 1970).
. i :

This form is probably a more reasonable phosphate mineral since its

solubility is much lower than FePO 4:

Mineral : pH Solubility
'Fepo4 5 {00 ppb as P
FePO 4 6 1000 ppb as P-
AIPO4 5 30 ppb cs P
AIPO 4 6 10 ppb as P
A|P04 7 300 ppb as P

(Sturr;m and Morgan, 1970)

Since calcium ions and pH are both quiteilow in the lakes studied,
minerals |ike hydroxyapatite, Ca 10 (PO4)6-(OH)2, are not -considered
important {Snow, 1968). Therefore, it is reasonable in the lakes
studied to presume that any mineral phase,of phosphate is probably
occuring as AIPO4 or some solid solution phase such as aluminum
hydroxide - phosphate, AI(OH)X(POA)l_x/:;. The ferric phosphate
mineral phase would appear to be complet}ely soluble in the lakes
studied and would not occur in the muds cfue to the low redox potential .

Adsorption and ionic substitution of orthophosphate is also possible
with clay minerals in the mud, The phosphate can either be adsorbed

on the clay mineral, actually bonded to positively charged edges of

the clay, or substituted for aluminum or silicon in the clay structure

(Stumm and Morgan, 1970). All mechanisms are much more favorable

“at alow pH. A typical kaolinite-phosphate, Siz05(OH), * (PO,
|
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Vil Conclusions

The overall conclusion reached from analysis of all of the data
!

indicates the.following limnological classification of the various lakes
studied: Aldrich Pond, Forge Pond, and Lake Warner - eutrophic;
Metacomet Lake and Lake Wyola = mesotrophic; and Lake Mattawa,
Norwich Pond,-Asnocomer Pond, and Laurel Lake - oligotrophic. The
_pertinent parameters which can be used to separate lakes into different
_categories are temperature profile, pH, olli«zliniry, orthophosphate
concentration and profile in both the overfying lake water and
interstitial water of the deposit, dissolved‘;‘ oxygen profile and algal
productivity in the summer months, The parameters that wete not
studied but which could be useful in future work are 1) conductivity,
2) Eh or redox potential, 3) concentrations of calcium, magnesium,
silica and aluminum ions, 4) direct measurement of algal concentrations,

and 5) measurement of carbon dioxide concentrations. The first three
parameters would be useful in derermining what ionic and mineral
phases were present in the lake-mud Sysfellm and what chemical - mineral

|
equilibria system was predominating in the water. The last two parameters
would be necessary to determine algal productivity and the availability
of carbon in the system.

From the core studies, it may be conéluded that large amounts of

phosphate are stored in the bottom deposits of lakes exhibiting high

60
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concentrations of phosphate, Moreover, much of the phosphate in the
deposit is located clo;e te the overlying water interface. The low
redox potential imposed on the cores auring storage did release high
concentrations of iron to the overlying water but the amount of
orthophosphate rE'|EOSEd was very small in comparison. |t is incorrect
to suppose from this that orthophosphate is not readily released from
mud under anaerobic conditions. Since the core barrels are plastic,’
‘they have a strong tendency to adsorb orthophosphate from solution
and would therefore make the solution much lower in phosphate than
could be expected. |t may be postulated then that because large
amounts of iron were released from the mud under c.onditions of low
redox potential perhaps large amounts of phosphate were also libErqted .

The ability to liAberore large amounts of orthophosphate is also
directly dependent on the amount of that nutrient in the mud. All of
the eutrophic lakes showed very high phosphate concentrations near
the mud-water interface, Transfer of some of the phosphate into the
water, especially under low dissolved oxygen conditions, is very likely
to occur. From the graphs, significant phosphate transfer would not
appear to go deeper than 2 to 3 inches. Below c.depth of 5 to 10 inches,
the concentration of iron stabilized, thus indicating little chemical
migration of that ion,

The postulation regarding ferric phosphate as the sole control of

. orthophosphate in the water-mud system is questionable for the lakes
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studied, A more likely solid phase would iae either an aluminum
hydroxide-phosphate or a c:luy-phosphcne,.I‘| since both of these could

I
operate in the water as well as in the low redox environment of the mud.

|
Future work will involve studies on Lake Warner since its eutrophic
condition should provide for active nutrient exchange between the

deposit and the overlying water. This will then enable extension of

laboratory quantitative analysis of nutrient transport rates. In addition,

the limnological classification of other 1al‘<es will be attempted. This

data will hopefully be useful in determining the treatment or

' |
management necessary in the future to maintain or improve the quality

and usefulness of the lakes in Massachuysetts.,
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Appendix 1

Phosphate (PO4_3-P) Method
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PHOSPHATE METHOD

All glassware to be rinsed in 2N sulfuric oclid, then stored under deionized
‘ |

water. The acid rinse need only be initial, with rerinsing every ten or
| .

twelve runs,

‘Mixed reagent: 50 ml 5N sulfuric acid

20 ml Ammonium Molybdate solution (I5 gm. Ammonium
Molybdate in 500 ml) "

10 ml Potassium Antimony Tartrate solution (0.34 gm in 500 ml)
1.08 g Ascorbic Acid to 20 ml with deionized water

|
The above constituents are to be mixed in order prescribed.
P
' i I
This reagent is to be mixed fresh each time; discarding unused
portions. ' |
: I

1
Control Stock Solution: dilute 5 ml Stock #8 to 100 m! :with deionized, 5.3 ppb

. ‘ i
I. Measure out 100 mi of the sample in a graduated cylinder and transfer

Procedure: |

I |
to separatory funnel. Samples A and B are to be deionized water and

|
control stock solution respectively.,

2. To each separatory funnel add 10 ml mixed reagent with a 10 ml pipette,
Shake the funne!l vigorously immediately after adding the reagent.
i
(! minute) |

3. To each separatory funnel add 20 m! isobutanol with a 20 ml pipette,

Shake the funnel vigorously immediately after adcliing the alcohol ,

!

|

(1 minute)



4, After all the isobutanol has been added to the funnels and shaking
has been effected, shake each funnel once more in turn. (| minute)

5. Separate the organic layer (top) from the water layer and discc‘ud
the water layer. Transfer the organic layer directly to respective
calorimefer tubes to which have been added each .8 ml 95% ethanol
by curé—pipette.

6. Swirl tubes to insure mixing of the butanol and ethano! and measure
transmittance against the deionized sample at 690 millimicrons.
Remember to use the red tube ct.nd filter for this measurement. Estimate

measurements to 1% transmittance,

&7



Appendix I ‘
Iron and Phosphate Colilbration Curves
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Phosphate Calibration Curve
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Appendix Il

Date op, Lake Studies
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Metacomet Lake 74 acres 8-27-70

# Depth  Temp®C  pH D.O. AIK Fe'?  FeTotl
: ' ppm ppm  mg/L mg/L

A-l 0" 25 .5 615 7.3 8 A .53
A-2 2! 25
A3 5 245 ' 1 6.3

A-4 10 24,3 48

A-5 13 235 615 3.5

A-6 14 23.0 5.5 ' 2.7 12 .47 1.5
A-7 I5' (mud) 17.0 5.5 1.6

|
Comments

a) Mud-brown color‘, slight smell of HoS |

b) Lake treated with 60,000 gal of sodipmichEnire solution on 8-18-70

c) Attached weeds (water lilies) dying along with some s;horeline plants

d) Fresh water clams dead ( possibly from <;1rsenite)

e) Transparency - &'

f) PO 4 surface = 10,000 ppb (10 mg/L) c:ndj PO 4 bottom = 1,000 ppb PO 4 (I mg/L) -
i

both volues inaccurate due to interference of arsenic.



Aldrich Pond 9-10-70 ;

# Depth TempOC’ pH D.O. AIK
PPM  ppm

A-! 0" 20 . 8,25 157 34

A~2 I 19.5

A-3 12'.' 18.5 67 3.5 36

A-4 Mud 13 16.0

Comments:

a) Thick pea soup algae bloom, some duckweed
b) Lake formed approximately 50 years ago (dam at one end)
of sediment above sand and pine needle bottom

c) PO, =122 ppb at surface, |18 ppb at bottom

Fet2  Fe Tolal
mg/Lt  mg/l
.02 .23
Lol 5

had only 6 inches
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Forge Pond 9-10-70 and 8-18-70
' Depth TempC pH 'D.O. AIK Fet? Fe Total
‘ o Ppm ppm mg/L  mg/L

Al o' 26.5 8.05 | 6 34 .03 .62
A-2 I 26.0 13.5

A-3 6 25.0 A7

A-4 mud 7' 25.0 .5

Comments:

a) Lake very shallow, 6 feet, 1

b) Mud exposed on banks

¢) Lake in algae bloom, lot of filamentous algae, duckweed and mucoid
bluve green algae

d) Transparency - 2' mox

|
e) PO4 = 250 ppb in lake water, | mg/L in interstitial water
|
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Lake Warner 68 acres 8-25-70
# Depth Temp°C bH D.O. AIK  FetZ  Fe toal
' ppm  ppm mg/L = mg/L

A-I 0" 2l 6,65 9.3 195 .08 .83

A-2 & 20 6.1

A-3 7'(bottom) 20
. B-l 0 23 8.8 12.0 26 .05 .38

B-2 7' 2 7.8 )
B-3 8' (bottom) 20 6.6

B-4 in mud 20 2.8

Comments:
a) Algae in abundant bloom, also a lot of duckweed and water lilies

b) Fish - bul'head, bluegills
¢) Core taken near outlet, some sand and wood chips in mud

d) PO, = 25-50 ppb in water




~Data: Lm;re| Lake - 5] Acres

# Depth
A-l o
A-2 2
A-3 5
A-4 10
A-5 15
A-6 16
A-7  bottom
16"
# Depth
B-l o'
B-2 2
B-3 5
B-4 |0
B-5 I5
B~6 20!
B-7 25!'"
B-8 27"
B-9 32
bottom

B~I0 in mud

Tempoc

28,5

28.0

N.R.

$23.3

22.4
22.5

22.5

Temp°C
28.5

28.0

. N.R.

26.5
22.3
16.6
4.0
4.5

12.0

It.0

pH

pH

6.15

7-30-70

D.O.ppm

10,2

1.0

12.6

D.O.ppm

10.1

1.2

4.5

3.0
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Alk ppm Fe2  Fe Total
mg/L  mg/L

Alk ppm Fed‘h2 Fe Total
mg/L  mg/L
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{aurel| Lake

Comments:
a) Spring at beach, T= 19°C, 0.0 .= 12.5ppm .
b) at beach, T=29°C, D.O. =8.75 ppm.

c) at 16' depth, dense vine growth, good light penetration to this depth.

d) no visible amount of algae present, very clean.
e) mud is black-brown with visible black specks.
f) POy in interstitial water = 40 ppb.

g) PO 4 in lake water = 4ppb.




Loke Wyola |29 acres ‘ 8-11-70

#  Depth  Tem°C pH 0.0, AI[K. FeZ  Fe Total
ppm - ppm mg/L mg/L
A-l O 25.0 9.0 |
A2 2 25.0
A-3 5 25.0
A-4 100 25.0
A-5 15" 19.0
A-6 20 no 7.3
A7 23 10.5 6.5
A-8  Mud 9.0 .5
24!
9-3-70
+2

" #  Depth Temp®C pH D.O. AIK Fe'“  Fe total
ppm  ppm  mg/L  mg/l

B-l 0O 205 6.6 12.6 .05 .28
B-2. 27 .o 5.8 5 14
B-3 32 9.0 6.05 0.0 16 2.2

(mud)
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Lake Wyola I11-7-70
# Depth TempC pH D.O. AIK Fe+2 Fe Total
' ppm  ppm  mg/lL  mg/l
Cc- o' 9.5 6.9 12,7 4
C-2 28’ 9.0 6.92 10.3 5
C-3  34(mud) 10.0 N.R. .2

Comments:
a) little, if any algae

b) two samples (A and B} before thermal inversion, and (C}) is after overturn.

c) PO 4 (summer) = I8 ppb



A-3
A-4
A
A-6
A-7
A-8
A-9

A-10

Comments:

Depth

OI

2|

5]

o

15

20"

- 25!

30'

3

31

bottom

Lake Mattawa

Tempoc
#| #2
30.5 28.5
28.3 28.0
- 28.3 27.7
27.2 27.0
24,0 24.0
5.0 15.0
13.0 1.4
12,2 9.5
13.0 12.7
13.0 12.7

a) Quite clean lake,

112 acres

pH

6.2

8-30-70

D.O. AIK Fe42

PPM  ppm mg/L

9.6

9.4

0.5

1.2

2.8

b) No bottom attached plants even at 3 foot depth.

c) Slight brown color to water

d) PO, = 2-4 ppb in lake water

Fe Total

mg/L

80



A-l

A-2

A-4
A5
A-6

A-7

A-9
A-l0

A-ll

Comments:

Norwich Pond

Depth

o
2
50
hi
5"
20"
25"
30"
35"
37!

38' (mud)

Temp®C

25

25
24.5
24.5
24,5
7.7
12,2
10,2
9.5
9.0

9.5

122 acres

pH

D.O.

ppm

9.6

8.9

8.6

4,5

5.0

8l

8-20-70

AIK  Fet?  Fe Total
ppm mg/L mg/L

a) Quite clean lake, no algae present 10" = |5' light penetration

b) p04 = | 60 ppb in top of mud core, and 21" down it is 60 ppb



Asnacomet Pond |27} acres 8-4-70

# Depth - Temp®°C pH .ID.O. AIK - Fe+2 Fe Total
ppm  ppm mg/L  mg/A
A-l 0 26.6 . 8.9
A-2 2. 26,6
A-3 5 26.0
A-4 100 - 26.0 8.3
CA-5 15' . 25.8
A-6 20" 20.0 12,0
A7 25 14,4
A-8 30" 1.0 145
A9 35 8.9
A-10 0 8.3 10,5
A-ll 45 7.7
A-12 47 7.7 3.0
A-13 48' (mud) 8.0 R
Comments:

o) Very clean loke, no algae present



Appendix IV

Data on Core Studies
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Data Aldrich Lake ( dam constructed 19i0)

Core colledted: September, 1970

Analysis: 4-12-71

Length 8", Eh =180 mv, D.O. = 00 mg/l.., pH in core water= 6,2I

* sand and pine needles from excavated bottom

G-l

G-2

‘Depth in inches
from bottom

8"5" ]
5_2" A
2_0" ‘

core water

Depth in inches
from bottom

8-5"
5_2"

2-0"

pH of mud

N.R.
N.R.
N.R.

6.2

% Ho0 in

mud

3.1
39.9

N.R.

Total Iron mg/t.
N.R.
2.4
6.0
| - 6.48
*x
% dry mud % Volatile
solids solids in mud
é8.9 2.6
60.1 5.8
N.R. N.R.

84

P04 in ppb

76 -

131

414

55 (118

* &

% Ash
in mud

97.39
94.2

N.R.




Data L. Worner ~ Core coltected: Awgust, 1970
Analysis: |-9-71

Length 16%, D.O.= 0.0mg/L., PH = 6.13 in core water

Depth in inches pH centrifuge H20 Total Femg/L
16-13" 6.30 . 5.8
13-4 6,42 6.8

U9t | 6.57 6.8
9-6" | 6.52 9.5
63" 6.56 | 13.6
3-0" 6.56 1.0

core water 6.30 2.67

Depth in inches % HA0 % dry mud . o, Volatile
from bottom mug solids solids

16-13" 59.5 40.5 10.55
13- 59.8 40,2 N.R.
-9 42.5 47 .5 : 6.0
9-4" 60.1 39.9 10.!
6-3" 66.2 33.8 i

3-0 71.1 28.9 i

85

PO4 ppb
356
172
160
189
320
Abh

38

% Ash

89.45
N.R.
94.0
89.9
89

89




2-E

3-E

4-E

7-E

- 8-F

2-E
3-E

4-E

Data L., Metacomet

Length 20", D.O. =0.0m

Depth in inches

20-17
17~14"
[4-110
[1-g"
8-5"
5-0"
5-0"

core water

Core collected: August, 1970

Core Analysis: 3~1-71

é/L- . PH=5.78 in core water
\ .

pH of mua

* Arsenic interference

Dépth

20-17"
17-14n
14-11
118"
8-5"
5-gn

5_0"

% H20 in mud -

92.3
93.55
94.1
95.15
94.8
94,63

94.2

5.40

5.48
5

% dry mud
solids

7.7

6.45

5.9

4.85
- 5.2
5.37

5.8

Total Fe mg/1.

2.8
16
.94
2.2
.48

1.96

N.R.

4,2

% Volatile
solids in mud

47
45.5
5.5
56.2
49
46.5

45.5

8o

POy in ppb
233
156 -
84
76

47

N.R.

71

% Ash in
mud

53
54.5
48.5
43.8
51
53.5

54.5



4-2

E-4

E-5

Data L.

Wyola

Core collected 11-7-70

Analysis 11-21-70

Length 20", s}oroge |4 days at 20°C, core water aerated

for |5 minutes before analysi

aeration pH = 6.3
Depth in inches
20 - 15
14-70
gt

4" - top

composite, mud and

distilled

composite, mud and

distilied
Lake water

incore water

Depth in inches

20-t5"
14-7"
6-4"

4" - top

cbmposite, mud and
distilled

composite, mud and
distilled

lake water

in core

pH cent, Ho0
6.71
6.90
6.8l
6.73

6.74
6.73

N.R.

6.3
% H20 in mud

83.75
88.35
83.5
88.1

N.R.
N.R.

N.R.

N.R.

s, pH initially - 5.3, ofter

Total Fe mg/L.
1.04
1.70
2.5
1.175
1.57
1.95
4,75
% dry mud % Volatile
solids solids
16.25 25.1
1.5 24,8
16.5 20.4
.9 28.3
NL.R. N.R.
N.R. N.R.
N.R. N.R.
N.R. N.R.

PO4

87

ppb

N.R.

54

100

N.

76

R.

% Ash

74.9
75.2

79.6

N.R.

N.R.



_ 88
Data L. Wyola ~

Core collected 11-7-70 Analysis |-25-71

Length 14", D.O.=0.0mg/L., pH=5.46 in core water

# : Depth from bottom pH cen‘frifuged- Total Fe mg/L. PO 4 ppb
in inches H20
. A-l 14 - Il"f 6.04 |.g| 386
A-2 B -9 6.0jl . 125 | 42
A-3 9-7n 5.93 [.416 96
A-4 7-4" | '5.88 3.50 123
A-5 4" - Top 5.87 3.63 179
A-6 surface water - 6.7 ' .58 ©16.7
A-7 surface water |
A-8 in-core water 5.%1 6.0 6.68
- Depth % H20 in mud ;L % dry mud % Volatile % Ash
sol ids solids
A-l RreE 87.4 12,6 25.8 - 74.2
A2 l-g» 89.05 ~10.95 30.3 69.7
A-3 9-7" 88.8 . ; il.2 3.5 68.5
A-4 74" 88.1 e 27.5 72.5
A-5 4" - top '89.3 ! 10.7 27.2 72.8
@ ~  Atcent.md 648 35.2 275 72.5
* A-7 A-3cent, mud 78.5 | 21.5 28.5 71.5

*.A-8 A-5 cent. mud 74.0 26.0 27.0 73

* Analysis on mud after extracting centrifuge water
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Data L. Wyola

Core collected: 9-4-70

Analysis:

3-10-71

Length 19", D.O.=0.0mg/L., pH=5.52 in core water

Depth from bottom
in inches

19~ 6"

16-13"

13-11"

-9

7-5"

3-0"

5-3"

in core wcﬁer

Depth from bottom

in inches

19-16"
[6-13"
13-4
-7
7-5"
3~-0"
5-3"

N.R.

color of
ash

white
white
rédd ish
reddish
red

red

red

% Ha0

86.7
87.35
89.0
89.15
88.0
89.7
90.2

N.R.

centrifuge
5.49
5.43
5.43
5.44
5.54
5.46
N.R.

5.52

% dry mud

solids
3.3
12.65
.0
0.85
12.0
10.3
9.8

N.R.

pH c;F mud before

% Volatile

Totoi
Fe mg/l.

1.6
1.8
2.8
2.48
3. 44
3.6
N.R.

2.88

solids
27.8
28.8
28.7
28.7

27.0

24,4

‘N.R.

PO, in ppb

496

100

N.R.

% Ash

72.2
71.2
71.3
71.3

73.0

72.6




Data L. Wyola

Core collected: ||-I-7Q

Analysis; 2-22-71

Length 19", D.O. =0.0mg/L., pH = 5,42 in core water

Depth from

bottom in inches

19 - 16"
| 6-14"
4-11
II-g"
7-4,5"
4-0"
§-7"
4-0"

in core water
Depth in inches

19-16"
1614
441"
I1-g
7-4.5
4-0v

8_7"

4-0

Color of
ash

white
white
white
light red
reddish
red

red

N.R.

% Hy0

87.0
88.2
88.05
B6.65
88.9
88.8
88.73

89.1

pH mud before
centrifuge

5.35

5.40

5.44

5.41

5.33

5.38

N.R.

N.R.

5,42
% dry mud
'solids
13.0
1.8
11,95
13.35
1L
1.2
.27

0.9

pH ofter

centrifuge
5.80
5.78
5.76
5.72
5.82
5.82
N.R.

" N.R.

N.R.

% Volatile

solids
27.2
27.8
28,7
26,0
25.2
28.6
28.7

28.4

90

Total Total
Femg/L PO, pp

1.8 1600
I.4 408
1.72 160
2.5 129
3.4 72

2,70 92

- N.R. N.R.

N.R. N.R.

4.0 5

% Ash

72.8
72.2
71.3
74.0
74.8
71.4
71.3

71.6



?1
Data'L. Mattawa Core collected: August, 1970
Analysis: 1-20-71

Length 23", D.O. =0.0mg/L., pH=5.64 in core water

# Depth in inches pH of ce.nt. pH of med Total Fe PO4 in ppb
from bottom H70 before cent. mg/L. '
I-C 23-20" 5.58 5.36 5 156
2-C 20-16" 5.80 5,5 5 - 84 .
3-C EEVRI . 5.85 5.64 5.5 &
4C 12-9" 6.02 5,92 7.0 56
5-C g-5" 6.08 6.00 8.0 53.2
6-C 5-0" 6.03 6.02 6.8 64
7-C 13-12" N.R. N.R. N.R. N.R.
8-C 9-8" | N.R. CNGR. N.R. ~ N.R.
9-C 5-0" N.R. N.R. N.R. N.R.
10-C water in core 5.66 5,62 2.0 6.6
# Depth % H,0 in % dry mud % Volatile % ash
mud solids solids
{-C 23-20" 89.55 10.45 3. 69.
2-C 20-16" 90.0 ~10.0 33.4 66.6
3-C 16-'3" 9.8 . 8.2 38.6 6l.4
4-C {2-9 87.15 |.285% N.R.* incorrect .
5-C 8-5" . 95,2 | 4.8 37.5 62.5
. 6-C 5-0" 92,71 7.29 33.4 66.6
7-C [3-12" g87.2 12.8* 22.,2*% incorrect
8-C 9-g 92.7 7.3 35.3 64.7

9-C 50" 92,6 7.4 33.4 66.6
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