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INTRODUCTION
1975 Lower Lakes Surveillance

The surveillance cruises, implemented at the Canada Centre for
Inland Waters (CCIW) in 1975, were carried out to meet the requirements
of the International Joint Commission (IJC). The I1JC requirements -called
for information on areas of improving or deteriorating water quality,
peneral lakewide conditions and responses to the impact of management
procedures. ' - T ' B

Sampling and analytical methods used in surveillance work were
basically the same as those employed in survey or monitor work (see Annex. K
IFYGL Technical Plan, Volume 3). Whereas the 1974 surveillance program
included only those key parameters reflecting the impact of eutrophication,
the present 1975 program was expanded to include more intensive microbiol-
ogical and water quality parameters. for a broader scientific understanding
of the lakes' ecological conditions. Equipment and procedures described
below pertain to surveillance cruises -on both Lakes Ontario and Erie in
1975, carried out aboard the chartered vessel MV NORTHERN SEAL.

MEASUREMENT OF WATER TEMPERATURE

Several methods are available for the measurement of water
temperature. Four of these methods, namely the reversing thermometers,
the mechanical bathythermograph 1 (MBT), the electronic bathythermograph
(EBT) and the bucket thermometer were in use. A minimum of two methods
were usually used on every sampling station occupied.

The Reversing Thermometers. Figure 1.

Deep sea, protected-type reversing thermometers measure water
temperature at a predetermined depth. The thermometers were fitted to
Knudsen water sampling bottles in such a manner that as'the bottle
reverses on the wire, they are also inverted. The bottles were lowered
to the desired depth, left in the water for 6 minutes; a metal messenger
was sent down the wire, the bottles were thus inverted and brought up to
the deck lab and the thermometers read. The reversing thermometers were
used on a minimum of 2 stations per cruise for calibration checks of the
EBT temperature traces. They were more frequently used to support
mechanical BT traces. The main thermometer can be tread to the nearest
0.01°C and the expected error lies within + 0.03°C. The reading was
usually obtained from a stable Aisothérmal_layer over a relatively great
depth (ive. the hypolinmmion).

The Mechanical Bathythermograph (MBT). Figure 2.

The MBT provides a temperature-depth measurement. In 1975 it
-was used as a back-up system for the EBT whenever the latter failed. The
temperature-depth profile is recorded on a gold-coated slide as the
instrument is lowered through .the water column. Four depth ranges were



available - 30, 60, 140 and 275 m. Approximate depth was obtained from -
the chart or the echo sounder, the BT of the corresponding depth range -
was selected, the BT secured to the wire and loaded with a slide, lowered

to just below the surface for 30 seconds. Then the BT was lowered at a

speed of 2 metres per second till it reached bottom and hoisted up more

quickly to the sampling platform.

The_Elec;ronicvBathythermograph (EBT). TFigure 3.

The EBT provides a direct instantaneous read-out and graphical
recotrd of the temperature-depth profile. The EBT system consists of a
light weight probe sensor lowered over the side with a winch and cable,
and transmits continuous analog data from two transducefs,(temperature
and depth) to an X-Y recorder on board. ' '

. The recorder was mounted amidship and the winch port side,
upper level. - The EBT head (sensor) was mounted in conjuction with a
crane on the ship's main deck. On station the EBT head was lowered till
its seénsor was fully immersed in surface water for one minute. The EBT
was then lowered with the EBT recorder switched to read, recordirg the
down trace to the bottom. The EBT sheet is marked by the operator as
required. (See Appendix 1 - Data Sheets). ' S

Three depth ranges of 50, 100 and 400 metres were used as
appropriate to produce a full scale recotrder display of the temperature’
" profile. Accuracy of the system is + 0.01°C for temperature and + 17%.
of full scale for depth (CCIW Engineering Specifications). -

The zero check facility provides shorted input to the X-Y
recorder for zero check and adjustment of recorder. '

The Bucket Thermometer. Figure 4.

Used to obtain surface water temperature. The bucket consists
of a laminated rubber cylinder with a wooden bottom. Inside this cylinder .
there is a second rubber sheath that contains a brass shield encasing the
" thermometer. The bucket reading is always obtained from the same side of
the ship as the EBT, and as close to the "down time" of the EBT as possible.
The temperature reading to the nearest 0.1°C is compared each time with.
that obtained by the EBT (or MBT) at the surface. ' '

The bucket is also read for the synoptic meteorological observa-
tions. Here care should be exercised when lowering the bucket while the
ship is underway so that the thermometer does not get damaged. Also it
can be lowered in such a way as to minimize the entrapment of air bubbles.

MEASUREMENT OF WATER TRANSPARENCY AND COLOUR

The Transmissometer. Figure 5.

‘The beam transmissometer (model XMS, manufactured by Martek
Instruments) which came into prominent use at CCIW in 1973, is a rugged,
portable instrument specifically designed for in situ measurements of



: it

"turbidity" by determining the per cent transmission of a light beam
through a known path length in the water. The sensor head has a
collimated detector positioned in the beam of a self-contained collimated
light source. The optics are arranged so that the light transmission
path between source and detector can be set from one quarter to several

. metres distance through the underwater body. At CCIW the one-quarter
metre and one-metre path length are the only lengths in use. The
optical band width of the instrument is defined by a Wratten 45 filter
which_has a peak transmission at 486 nm. ' :

A pressure transducer (Martek model DM3) which can be fastened
to the main body of the transmissometer permits coincident measurement of
% transmission vs. depth. The entire in situ sensor package was connected
by electrical cable to readout modules in the NORTHERN SEAL wet lab.

Overall system accuracy is approximately f 1.0% full scale
~ calibration. ‘ '

Measurement:

1. Set: Power Supply "ON"'
’ "Recorder . "ON"
Depth Function '"ON" . -
Transmissometer Function _'"OPERATE"

2.  Allow 2-5 minutes for bulb to warm up.

3. Lower transmissometer slowly_at first so that accurate surface
teading is made. S

4. Record down trace.

5. Lift recorder pen.
~ Raise transmissometer.
Set: a) Depth Function "OFF"
- b) Transmissometer Function Zero.

‘6. Power supply can be set to charge between stations.

7. Record on sheet: a) Date
- " b) Monitor Station
¢) Sheet No. I
d) Cable length (30 m or 100 m)
e) Sea state '

Transmissometer readings will not be taken when the conditions

are such that the instrument may receive a heavy blow on the side of the
ship. '

Readings for the manual lab chemistry sheets will be taken at
the same depths at which water samples are taken.:



The Secchi Disc. ,Figure 6.

The Secchi disc was lowered into the water on- the shaded side
of the ship until it just disappeared and then brought up to a depth at
which it was just visible again. The colour of the water against the
white background was compared to the colour of the solutions in the
Forel-Ule scale vials. The Forel-Ule scale is a series of 22 vials
with gradations in colour from datrk blue (No. 1) to brown (No. 22).

The vials are produced by mixing different proportions of ammoniacal
copper sulphate and neutral potassium chromate.

A 30_cm diameter white Secchi disc was used in 1975. The
depth was obtained to the nearest 0.1 - 0.2 metres and the data+
gathering was limited to daylight hours. Readings cannot accurately

- be taken in extremely rough weather.

 COLLECTION OF WATER SAMPLES

. Van Dorn Bottles. Figure 7 and 8.

Van Dorn bottles were of PVC material with soft rubber caps
at each end pulled together by a length of strong, flexible rubber

- tub1ng

About 3 litres of samplesvwere_normally collected. However
this amount varied depending on how much was required. 3 litre, 5 litre

- or 6 litre capacity bottles were available on board.

.The Van Dorn bottles have been used exten51vely and were
particularly recommended for trace metals and other water quallty
parameters. :

Knudsen Bottles., Figure 9.

Knudsen bottles are constructed from nickel plated materials
and were used for the collection of water samples and precise water
temperature from dlscrete depths. - Capacity is 1.2 litres. Manual
chemistry samples were obtained either from the Van Dorn or the Knudsen
bottles. The bottles are open and ‘thus flushed as they are lowered to

" the desired depths..

The Integrator. TFigure 10.

The integrating sampler (built by Engineering Serv1ces Section,
CCIW) is designed to. collect gradually a representative sample of the
water column. Two depths were available; the 10 metre integrator and the

20 metre integrator. Both were 1s ‘use in 1975.

- The heavy'integrator (average weight 56 kgms) is lowered at a
steady speed of 1 m/sec through the water column. The water enters the
cylinder and interior cone through a one way valve. The trapped air is



compressed in relation to the depth or the prevailing ambient pressure.
~Thé height of the air column changes in accordance with the equation:
‘. : | o h =

= hz

d+1

hz: the overall cylinder height
d: the hydrostatic pressure

As the cylinder is returned to the surface, the water inside
the cone remains trapped by the one-way valve (Schroder, 1969).

CCIW Pumped Water Sampler. Figure 11.

This. system consists of flexible, integrated hose and cable"
wound on a winch. On the operating end of the hose there is an EBT
(to indicate water depth) and submersible pump; at the laboratory end
is an XY recorder for the EBT and a hose outlet for water samples.

The pump and EBT are lowered to the desired depth; the pump
turned on and, after two minutes flushing period, water samples were
‘obtained. 1In 1975 the pump sampler was used only in Lake Erie.

Niskin Sampling Bottle. Figuré 12,
These are general purpose, nonémetalic water samplers available
in standard sizes from 1.7 litres to 50 litres capacity. The 30 litre
 'Niskin bottle was used on certain cruises to obtain large samples for
chlorophyll, asbestos, radiocactivity.and phytoplankton studies.
, Water may be drained from the bottles by loosening a thumbscrew
air vent valve and opening an O-ring sealed stopcock.
CHEMICAL. & BIOLOGICAL METHODS AND ANALYSES
'.1. Dissolved Oxygen., Figure 13.
Samples from each station were drawn off from either Van Dornx

or Knudsen bottles into 300 ml B.0.D. bottles and analysed using the
Winkler titration method. o .

v Operationally, the Winkler procedure consists of three
independent steps - - sample taking, treatment of the sample and
standardization. The procedure is based on a set of chemical reactions
which convert the dissolved oxygen in a water sample to a chemically
equivalent amount of ioedine, followed by the measurement of the liber-
ated iodine by titration with sodium thiosulphate. (For detailed
procedure consult IFYGL Technical Plan or books on Water Chemistry).

_ - D.0. readings obtained were converted to % saturation using

‘ : ~ the in situ temperature recorded by the EBT and a program for this '
conversion is available on the Hewlett~Packard calculators, Models 9810
and 9820, ' '



The Orbisphere DiSSolved Oxygen pfobe,Was used on Lake Erie
in 1975 and comparisons of values obtained by this method against the
Winkler titration method were made. While this new oxygen probe proves
to be very promising, a few modifications will be required before it
becomes operatlonal on board ship.

'Short-descrlptlon of how to make a D.O. Orbisphere probe measurement:

1. Plug in the oxygen sensor and place in a stirred standard
sample. .

2. Switch to "batt". Check the batteries and - replace them if’
necessary. : .

3. . Select "temp". Read the temperature when steady.

4. Switch to "set zero" and adjust, if necessary, with the
adjacent control. ' '

5. Switch to "20 ppm'". Wait for the reading to reach a
steady value. : '

6. Switch to the appropriate concentration range.

© 7. Set the meter reading to the known standard concentration
with the adjacent control "cal".

8. Transfer the sensor to the unknown sample and repeat steps
3 through 6.

9. Read the oxygen concentration of the sample.
- 10. Switch to "off" at the end of the measurement.

On the MV NORTHERN SEAL the probe was lowered attached to the

- pump sampler and either a D.O. profile or D.0. measurement at Specific

depth was made. Most measurements were obtained at 1l m below the surface

- or 1m off the bottom.

2. Conductivity Measurement. Figure 14.° o '
' - (Radiometer Type CDM2 Conductivity Meter)

The "conductivity" of a solution refers to the ability of the
solution to carry an electric current.

AppatatUS;

a) Radiometer Type CDMZvConductivity Meter or equivalent.
bb) CondUctivity cell, Radiometer Type'CDC104 or CDC1l14,
Reagents: standard potassium chloride, 0.01 m. This is a

standard reference solution which, at 25°C, has a specific
conductance of 1,413 m1cromhos/cm.



Measurement of samples:

1. Switch on power and allow the instrument to warm ‘up for
) mlnutes.

2. Mount and connect either of the two eonductivity cells
described above.

3. " Rinse the cell three times with the sample to be tested
and then fill the cell with the sample.

4, Set the Measure- Calibrate switch to Calibrate and rotate
the calibrate knob until the needle rests at the triangular
mark on the face of the meter.

5. Set the Measure-Calibrate switch to Measutre and record the
reading indicated by the indicator needle. Record the
temperature of the sample at the same time.

Readingé were converted to specific conductance @ 25°C using

" the measured value, sample temperature; calculated cell constant, and
. conversion factors calculated by Rodgers (1962) for the Great Lakes.

. In a single laboratory, the coefficient of varlation at a
level of 520 micromhos/cm was + 0.5%.

3. Chlorophyll a. Figure 15.

A surface sample and/or 1ntegrated sample was drawn off into
al litre graduated cylinder and filtered through a Whatman GF/C glass
filter paper at a suction of 7 inches of mercury.. When 100 ml of water
are left, add about (10) drops of saturated MgCo3 suspension, fold and
trim the filter paper and store frozen.

In the shore lab the'chlorophyll pignents were extracted in
90% acetone, analysed in a Unicam Model SP 1800 UV Spectrophotometer

and concentration values were recorded.

In addition, chlotophyll a samples were collected from stations
at which the transmissometer showed a high or low peak.

4. Particulate Organic Carbon. (and Total Particulate Nitrogen) Figure 16.

Procedure:
i; Place a GFC filter on filtration hoider;
2. Put the rectangular base cup on the filter.
3. Filter 500; 250 or 100 ml, depending on sample turbidity
‘ 4. Rinse the cup wall after flltratlon using 2-3 ml double
. distilled water, rinse the precipitate with 2-3 ml acidified

water and rinse again with 2-3 ml double distilled water.

5. Place the filter in a labeled petrl dlsh, and put it uncovered
in a vacuum dessicator maintained at 20 inches of mercury.



Samples were drawn from the integrator into 1° litre graduated’
cylinder and analysed by combustion in a Hewlett-Packard 185-B CHN analyzer.

- Precision values were + 5 ppb for carbon and + 2 ppb for N.
5. - Suspended Minerals.
I.  Filter Preparation.

Glass fibre filters are initially combusted at 500°C for one
hour. After cooling in a dessicator the filters are weighed
to + 0.1 mg then placed in numbered petri dishes.

II.. Sample Collection.

Samples are collected from the integrator on stations where
the transmission is less than 50%. Filtration is carried out
at 7 inches Hg and as much water as possible (200 ml, 500 ml,
1 litre or 2 litres) is filtered. The filter is dried for
about 3 minutes while maintaining the vacuum, then removed to
its petri dish after releasing the vacuum.

11I. Laboratory Analysis.

The filters are placed in specially designed stainless steel
trays covered with aluminum foil. The trays are then placed

“1in a muffle furnace for one hour at 550°C to volatilize
organic matter.

After combustion the trays are put in a dessicator, weighed
~and the results reported in mg/litre (ppm).

IV. Quality Control.

During the 1975 field season 1050 suspended mineral samples
were collected on Lakes Erie and Ontario. Approximately

15% of these samples were collected as duplicates and blanks
(known volume of deionized water filtered) for quallty control
purposes.

The standard deviation for duplicate samples was + 0.2 @
1.8 ppm level The blank values averaged -0.5 ppm.

6. Total Phosphorus. Figure 16.

Samples were drawn from either the integrator of the Van Dorn
bottles, as specified in the cruise plan, into .300 ml B.O.D. bottles to.
which had been added 3 mls of concentrated H2 SO4

The samples were teturned to CCIW (Ship's Support Laboratory)
for colourmetric analysis by the molybdenum blue method using a Technicon
Auto Analyzer. Detection limit of the analysis is 0.5 pg P/L..



7. Microbiology. Figure 17.

Samples were obtained from 2, 3 and 4 depths (depending on
station depth and thermal conditions) by Bacti Bulbs, Flgure 17,
according to:

1. Unstratified,cdndiﬁions:v'- 1, 10, 50 and 2 metres
S ' off the bottom.

2. Stratified conditions: 1 metre, mid-thermocline,
: ’ mid-hypolimnion.

Approximately 5-10 minutes before reaching the station, glass
sterilized Bacti Bulbs were vacuumed. On station the bulbs were attached
to the wire and lowered to the desired depth, a messenger was sent and
2 minutes were allowed so as the bulbs draw enough water from the specified
depth so as the bulbs draw enough water from the specified depth replacing
all the vacuum. Then the bulbs were hauled up, capped and kept refrlgerated
~ prior to analysis.

Parameters analysed were:

a) Total coliform
Fecal coliform
Fecal streptococcus: from all microbiolegy stations,
: ' (35 stdations on Lake Ontario,
32 stations on Lake Erie).
Aerobic heterotrophs '

b) Pseudomonas aeruginosa: on selected stations.

c)' Total counts: on selected stations.

'd) Fecal sterols: ‘on selected stations.
_ . For items a, b, c, samples were drawn from the Bacti Bulbs
and for d, one 10 metre integrated sample was obtained. Fecal sterol
water samples (2 litres) were preserved with 1 ml mercuric chloride
solution and delivered to Water Quality Division for analysis.. -

Extreme care was exercised in handling the microbiological

samples so that these did not get contaminated. Within 5 minutes of
sampling the bulbs were placed in the refrigerator (at 4°C). The

bulbs were refrigerated for a maximum of 24 hours prior to analysis{

In addition at all microbiology statioms, 1ntegrated samples
were collected treated and tested for:

a) Particulate organic carbon.
b) Total phosphorus, filtered and unfiltered.
c) Total n1trogen, filtered.

(For details of microbiological procedures see CCIW Methods for
‘Microbiological Analysis. of Waters, Wastewaters and Sediments).



d)

pH measurement :

" pH measurements wére made by either the Corning digital 109

general purpose pH meter or by the Radiometer general purpose
pH meter, Model 28.

This measurement was required only on Microbiology and Water

- Quality cruises.

"Sampling depths were: integrator, one metre below thermocline

- 8. Water

and 1 metre above the bottom:

Procedure:

' Closely follow the procedure for setting up the instrument

and preparing electrodes provided by the manufacturer.
Set temperature compensator to the temperature of the sample
being measured. Buffers should also be at the same temperature
as sample.

For sténdardizing, select two different buffer solutions in the
approximate pH range of the sample to be measured.

Place a buffer solution into a beaker and while gently stirring,

‘place electrodes in the solution; wait until meter needle

stabilizes and set calibration control to the correct value of
the buffer.

Repeat (4) above with the other buffer. The reading should be
within 0.1 pH units. : '

‘Electrodes should be rinsed with distilled water and dried

gently with soft wipers.

To determine pH of sample, place electrodes into a beaker

containing sample while sample is being gently stirred. Wait
until the meter needle stabilizes and record pH.

Quality Parameters.

Other specialized water quality parameters were investigated

on sele¢ted cruises. Samples for Water Quality Laboratory, CCIW, were

collected

1.

2.

from the same depths as those for dissolved oxygen as follows:,

Unstratified conditions: 1 metre below the surface and
‘ 1 metre above the bottom.

Stratified conditions: 1 metre below the ‘surface, 1 metre
: below the thermocline and 1 metre .
above the bottom.



Usually the following parameters were analysed:

a) HNutrients: These included phosphorus, nitrates and nitrites,
and total nitrogen:
N .
b) Major Ionms: These included chlorldes, calcium, s111ca and
: 7 total alkalinity.

c) Trace Metals: These included mercury, arsenic, selenium,
© beryllium, 31lver, aluminum, z1nc, cadmium,
copper and iron.

Items a)‘and b) above were analysed on boetd.
Apparatus. -
Technicon Auto Analyzer unit consisting of: sampler, manifold,

propertioning pump, colourimeter equipped with 50 mm flow cell
and filters, range expander, recorder and digital printer.

For other chemical elements, particularly trace metals, different
specialized techniques and apparatus such as Atomic absorption, NMR and
other spectroscopic and chromatographic techniques were employed. TFor this
. reason samples for trace metals, toxic substances or pesticides: were brought
back to.CCIW for shore lab analyses.

(For detailed brocedures consult Analytical Methods Manual, IWD, Ottawa)

9. Phytoplankton.

: Phytoplankton samples were obtained with an integrator (10 or 20 m)
at three stations in Lake Ontario and in Lake Erie. From one nearshore and
one offshore station, per lake, a series of vertical samples were obtained
with Van Dorn bottles. The number of samples taken was dependent on the
depth of the station. This. sampling frequency was adhered to on each of

the surveillance cruises. The 300 ml samples were preserved with 1.5 ml
Lugol's iodine solution and returned to Great Lakes Biolimnology Laboratory
at CCIW. There the phytoplankton was gravity concentrated and identification

and enumeration was performed follow1ng a standard procedure, on an inverted
mlcroscope. :

The values obtained will be used in a trend in time data set to
evaluate community structure changes with time. The data will yield
information on any changes in the balanced community, introduction of
pollution tolerant indicators, exclusion of sensitive species and specific
make-up of blooms, as these affect aesthetics.

10. Weather Reports.

Standard marine weather observations were made on ‘the synoptic
hours and transmitted to Meteo Malton (Toronto weather offlce) or Meteo
Cleveland (Cleveland weather office). In addition to applying the obser-
vations for forecasting purposes these had other scientific applications,



-

e.g. satlsfylng the need for a weatheér record associated with the
bathythermograph casts. :

All meteorological instruments were installed on board by’
the Port Meteorological Officer, Atmospheric Environment Service, and
procedures were obtained from the AES publication MANMAR.

ADDITIONAL OBSERVATIONS
»1. Solar Radiation.

_ Solar radiation data were collected on all cruises with a
precision Eppley Solarimeter and a Hewlett-Packard strip chart recorder
using a fixed paper speed of 1 in/hr. The unit of measurement is the
Langley. o :

2. ATP. Figure 18.

Lakewide samples for Adenosine Triphosphate analysis were
collected during the December surveillance cruise on Lake Ontario. At
each of the chosen stations, a one litre integrated (0-20 m) sample and
a one litre Van Dorn bottom sample were taken. In addition a mid-depth
sample Was‘collected at 13 offshore stationms.

The preparation of ATP samples (by Dr. M.L. MacKlnnon), was
composed of filtration and extraction on board ship.

From this first ATP survey, the winter distribution of the
total microbial biomass of Lake Ontario will be determined and the
relationships between ATP and other parameters (chlorophyll, POC,
particulate phosphorus, etc.) will be established.

- 3. Polychlorinated Biphenyls (PCB's).

A special cruise was initiated covering selected surveillance
"stations on Lake Ontario for PCB analyses. :

4. Remote Sensing.

Sampling, specialized measurements and overflights were carrled
out in support of the remote sensing progects at CCIW.

On selected cruises the operation of the Quanta Spectrometer
(Incentive Research Model QSM 2400) and a modified version of the Colour
Index Meter were made. Field trials of the new multifilter transmissometetr
system (CCIW Engineering, 1975) were obtained on two special cruises.

‘:5. Radioactivity, Asbestos and Plankton Samples for Phy31cal Sciences
Sectlon CCIW.

Collected on selected cruises for radioactivity and asbestos
fibre studies.



6. Other Agencies.

: Specialized sampling for other agencies, e.g. McMaster UnlverSlty
was performed on a few cruises. A special meteorological cruise for the
Atmospheric Environment Service was carried out in September, 1975.

'STATION KEEPING AND SAMPLING. Figure 19.

. The sampling arrangement and procedures have been adopted to
minimize the collectlon of dlsturbed water, as follows:

1. The ship's officers approach the station position in such a '
manner that the ship on station does not cross its own wake.

2. The EBT observation helps to determine if the water column
' is undisturbed.

3. This procedure'has‘been set up for light to moderate winds.
In case of high winds, sampling may be curtailed or reduced
at the discretion of the Senior Marine Technologist-in-Charge.

DATA QUALITY ASSURANCE.’ Figure 20.

Al]l members of the surveillance team were responsible for the
vproduction of a correct and accurate report, on the completion of each
cruise. Descriptive limnological reports were generally produced within
2 weeks. Data handling and data quality assurance were basically those
specified in the relevant report by Macdonald, 1974.

Data quality assurance begins with the exact completion of work
forms on board. Duplicate and replicate samples and blanks were regularly
collected and treated on every cruise. For instance, duplicates for
chlorophyll a, POC, suspended minerals and D.0O. were collected as per
instructions in the corresponding cruise plan. Instrument calibration was
performed regularly and any abnormalities reported in the debriefing
meetlng following the completion of the cruise at CCIW.

An intercomparison study, with U.S. Agencies, was carried out
on Lake Erle in June, 1975. The three ships involved were: the .
MV NORTHERN SEAL (CCIW), the HYDRA (Ohio State University) and the-
DAMBACH (Great Lakes Laboratory, Buffalo, N.Y.)
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CHLOROPHYLL DATA SHEET
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Figure 3

Electronic Bathythermograph: Sensor and Recorder



Figure 4

Bucket Thermometer



Figure 5

Transmissometer: Sensor, Power Package and Recorder



Figure 6

Secchi Disc, Forel and Ule Scales

Figure 7

Van Dorn Bottles
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Figure 8

Van Dorn Cast
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Figure 10

Integrator
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Figure 13

Dissolved Oxygen Apparatus
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Figure 14

Radiometer CDM2 Conductivity Meter




Figure 15

a) Drawing Chlorophyll Sample from the Integrator

b) Filtration Apparatus
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Figure 16

Dessicator (POC)

Filtration in the Lab.
(Chlorophyll, POC & SM)
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Figure 17
a) Bacti Bulb

b) Culture Plate




Figure 18

ATP Analysis




Figure 19

MV NORTHERN SEAL




Figure 20

Program Calculator



STATISTICS SUMMARY
Cruise No. Consec. No. Ship
Dates From to Lake
‘ Cruise Type Miles Steamed
Description Total Description Total

Secchi

Moorings Established (CM)

Stations A kOccUpied

Moorings Retrieved (CM)

-Bathythermograph Casts

Moorings Established (Met.)

E.B.T. Casts

Moorings Retrieved (Met.)

Transmissometer Casts

Moorings Established (

Reversing Thermometer Obs.

Moorings Retrieved (

Water Samples Collected (Chemistry)

Moorings Serviced (CM)

Water Samples Collected (Microbiology )

Moofings Serviced (Met.)

Water Samples Collected (Biolimnology )

Moorings Serviced (

Water Samples Collected (

Cores Taken (Gravity).

Water Samples Collected (

Cores Taken (Piston)

-Water Samples Collected (

Grab Samples Taken

Water Samples Collected (

- Drogues Tracked

Water Samples Filtered (Chlorophy!l)

Dye Releases

Water Samples Treated (Phytoplankton)

Zooplankton Hauls

Observations (Wedther)

Zooplankton Hauls (Mysis)

Observations (

Primary Productivity Moorings

Bottom Samples (Fauna)

Con'rinu_ous Observations (Days)

Integrator (IOm)

Air Te_mp;era'rure

integrator (20m)

Relative Humidity

Total Number of Depths Sampled

 Water Terﬁper.o'rure, (In-Hull)

Total - Number of Water Samples Collected

Water Temperature '_ (Towed )..

ONBOARD ANALYSIS

- Geolimnology

~ Integrated Printout

Solar Radiation

Long Wave (IR) Radiation

Manual Chgmis_fry (Tech. Ops.)

Nutrients (W.Q.D.)

Microbiology

B.ARK_S.




