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Abstract 

In 1974, a pilot surveillance program was imp,Ie—A 

mented on Lake Ontario to meet the requirements of the 
International Joi_nt Comm‘i$sior_i for info_rm'at'io_n on afreas of 
improving or deteriorating water quality, general lacke- 
wide conditions and responses to the impact of manage- 
ment prqcgedures. This report e'nt'a'ils do"<’:'u'me'h‘t'ation and 
discussion of parameters, ,ana|yticaa| maethodology and 
shipboard procedures. 

Résumé 

On a mis en oeuvre en 1974 un programme‘ pilote de 
su‘rve’i'IIance pour Ie lac Ontario, afin de four'n’ir' des 
renseignementts i: la Conim_iss.i.oh rhixte i.riternéI.io'nal.e sur 
des sujets comme |'amé|ioration ou la détérioration de la 
qualité de I’-eau, les conditions générales qui affectent 
I’ejrjrsem ble du lac et les résultats des mesures de gestpibn. 
Ce rapport d_ocumente et d_is_cut_e certa"i_ns paraampétres, les 
modes d’ana|yse et les méthodes utilisées 5 bord des 
bateaux.



Surveillance Methodology ==1974 
T. J. Carew and D. J. Williams 

_m'moDUcTioN 

The surveillance cruises implemented in 1974 at 
Canada Centre for Inland Waters were designed to provide 
a cjontinuing report and along.-term trend information on 
water quality and eutrophication parameters in the lower 
Great Lakes (Watson and Williams, unpublished). The 
data collected are to be used as input to Task 1 _2, Canada- 
United States Agreement on Great Lakes Water Quality 
and the Annual Report to the International Joint 
Commission. 

The s,amplin_g_ and ana|_ytic_a| methods used in surveil- 
lance work Awerebasically the same as those employed in 
survey (monitor) workgdescribed in the IFYGL Technical 
Plan, Volume 3, Annex K (IHD, 1972), although improved 
technology and factorssuch asavailable laboratory space 
dictated some changes. Equipment and p‘r‘ocedu’res 
outlined in this report pertain to s’u'rvei|lance cruises on 
Lake Ontario carried out in 1974 aboard the Canadian 
Coast Guard Ship FORTE DAUPHINE (Fig. 1). 

Figure 1. CCGS FORTE DAUPHINE. 

MEASUREMENT OF WATER TEMPERATURE 

Electronic Bath ythermograph 

The electronic bathythermograph (EBT) provides a 
direct instantaneous readout and graphical record of the 

temperature-depth profile. The data system provides 
convenience, speed and accuracy in the accumulation of 
temperature-depth profiles(Fig. 2). 

The system consists of a light-weight probe sensor 
lowered over the side with a winch and cable and 
transmits continuous analog data from two transducers 
(temperature and depth) to an X-Y recorder on deck. 

A mu|ti—range depth facility with depth ranges ‘of 
50 m, 100 m and 400 m produces a full-scale recorder 
display, eliminatingthe necessity of using different sensor 
heads for varying stat_ion depths while retaining the 
resolution desired. Accuracy of the system (CCIW Engi- 
neering specifications) is :0.01°C for tem'pe'ratu‘re and 
g 1 »% "of fu|'| scale for depth. Practical tej_fmperat_u_re accuracy 
(i.e., readability) is probably closer to :0.05‘°C-. ‘ 

g 

The recorder was mounted starboard side forwa_rd_ in 
_t_he upper laboratory space, and the EBT winch was 
mounted starboard side, forward on the well deck tobe 
used in conjunction with a boom that had been mcujnted in 
this area. 

Mechanical Bath ytherrhograph 

The (mechanical bathythermograph. (mBT) is used to 
take essentially the same measurements as the EBT. In 
1 974, it was used as a back-up system for the EBT system 
whenever the latter failed. The temperature-depth-profile 
is recorded’ on a gold-coated glass slide as the instru'ment 
is lowered through the water column. The mBT"s 
"(r't"i,ar_1u,.f‘a,ctured by Wallace and Tiernan) are ca'|ib_rated in 
four depth ranges with maximums of 30. m, 60 m, 
140 m-and 275 "m..-Temperature accuracy is‘ ¢0.05"C’ 
(or O._1‘°C1 in anyone diirectiion), and depth accuracy is :1 % 
of the calibrated depth range. 

‘Reversing Thermometers _ 

Deep-sea, (protected reversing thermometers (manu- 
factured by Richter and Weise) measure water tempera- 
ture at a predetermined depth (Fig. 3). They were used for 
calibration checks of the EBT temperature traces at 
selected stations and, when necessary, in support of



Figure 2,_ Electronic bathylhermograph (a) sensor and (b) recorder. 

Figure 3. Reversing thermometers in Knudsen bottles. 

mechanical BT traces. The thermometers are fitted into the 
bracket_s~ on Knudsen water sampling bottles in such a 
manner that as the bottle reverses 9n .th.e wire, the 
thermometers are also inverted. The main thermometer 
can be read to the nearest 0.01°C. The error associated 
with accurately determining the depth of the bottle using 
the meter wheel (especi_a|_ly wheh‘ there is a ‘sjign’ificant wire 
angle) is much greater than that associated reading 
the temperature. Therefore the reading is taken where the 
water is essentially isothermal over a relatively great depth 
(e.g., the hyipolinmion). 

Bucket Th'er'rhometerv 

The surface water temperature is taken by the sea 
bucket’ thermometer, whjcha consists‘ essejntiially‘ of a 
laminated rubber'cylin'derwith a woodeh bottom inside of 
which :_¢h_e,rje_ isa second rubber sheath’ containing a brass 
shield that‘enca'se_s the thermometer (Fig. 4). The bucket 
thermometer reading is alwaystaken from the same side of 
the ship as the EBT, and asclose as possible to the "down 
time” of the EBT. _The temperature reading (read to 
nearest O.1"C) is compared each time with th_at obtained 
by the EST (or mBT) at the surface. The difference in 

readings on most occasions should be less than 1°C, 

although during periods of ext_reme surface warming and 
su’bsequ‘ent disturbance by the ship difierencés greater 
than 1°C have been observed. -

V



Figure 4. Bucket thermometer, EBT in background. 

MEASUREMENT OF WATER TRANSPARENCY 
AND coLouR 

Beam Transmissometer 

The beam transmissometer (Model XMS manufac- 
tured by Martek |_n_st_ru_ments),« wdhich ca_me into prom i_nent 
use in 1973, is a rugged, portable instrument specifically 
designed for in situ measurements of “turbidity" by 
determining the percent transmission of a light beam 
through a known pat_h length in the water (Fig. 5). 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 thesource and detector can be set for a distance 
of one-quiarter metre" to several metres through the 
underwater body. The path length in any one instrument, 
however, is fixed. The standard instrument used in the 
surveillance program had aone-metre folded path length 
and was equipped with a Wratten No. 45 filter (peak near 
470 nm) and a 20 —watt tungsten -iodine light source. 

A pressure transducer (Martek Model DM3), which 
can be fastened to the main body of the transmissometer, 
permits coincident measurement of percent t_ransmission 
vs depth. The ‘entire in situ sensor package is connected by 
electrical cable to readout modules (both meters and X-Y 
recorder) in the upper laboratory space on deck. 

Figure 5. Transmissometer: sensor. power package and recorder. 

Overall system accuracy is approximately :1 .0% full- 
scale calibration.



Secchi Disc 

The Secchi disc, which gives an approximate index of 
wate'r tra'nsp'arency, has been used as a basic tool in 

limnology for a number of decades (Fig. 6). There are 
several variations in Secchi disc design, but basically it is a 
circular plate made of metal, wood or plastic, approx- 
imately 30 cm in diameter (20-centimetre discs are also 
ava‘i|abl_et). In the centre of the upper surface there is a ring 
with a rope line attached, 50 m long and graduated at 
one-metre intervals. Most discs are weighted on the 
underside and painted "flat" white on the upper surface. 

Figure 6. Secchi disc. Forel and Ule scales.
‘ 

Although the Secchi disc» mea_suremej_nt-. has never 
been standardized, it iswidely used m,a_ir_1|,y because of the". 
si',m'plicity’of'the equipment and the method. 

Fore/-U/be C_o/o_ur Scale 

The Forel-Ule scale, a series of 22 vialswith gradation 
an‘ co|_ou__r_fror'_i1 dark blue (No. 1) to brown (No: 22) 
produced by_,mixing'd.ifferen1'P'TQP9f!i_ons o__f a‘mrno‘niacaI 
ccj>"ppe‘r sulphate and neutral potassium chromate solutions 
in each vial-, was used to give an approximate index of 
water colour (Fig. 6). 

The Secchi disc was lowered into the water on the 
shaded side of the ship until it just disapperared and then 
was brought up to a depth at which it was just visible 
again. The colour of the water againstthe white back- 
ground was "compared to the colour of the solutions in the 
vials.

‘ 

COL_L_ECT'lON' WATER SAMPLES
J 

Integrating Sampler (20 m) 

The "inte‘grator"'(built by the Engineering Section, 
CCIW) is designed to collect approximately equal volumes 
of water from each at the "layers" from. the sutrfalce to a 
depth of 20 m as it is lowered through the water column 
at a constant rate of about 41 m/sec (Fig. ’7).. While the 
safrfhpler is slowly immersed, water enters the cylinder and 
interior cone through a one:-w'ay valve. The trapped air is 
compressed in relation to the depth or the prev_ailing_ 
ambient pressure. The height of the air column changes in 

accordance with the equation h édff~ 
1 
,hz_being the 

overall cylinder height and d, the hydrostatic pressure. 

Figure 7._ Integrated sampler (20 m). « 

As the cylinder is retu_rne_d to the surface, the water 
insidethe cone remains trapped by the CW3-'W'aY Valve, 
wh_'i|fe' the excess 'wa_'ter that has ‘entered the cylinder, but 
not the cone, is pushed, out by the compressed air inside 
the cone and cylinder or flows out by itself (Sch'r6der, 
1969). V 

_ 

”

- 

Van Dorn Battle 

The Van Dorn bottle was the main water sampling 
device used for obt'ai,n_ing‘ sam:pl,e's at discrete depths



(Fig. 8). It is basically a round, cylindrical tube made of 
PVC which can be sealed at either end by two force cups 
p_ulled together by a leng_th of strong, flexible’ "rubber 
tubing. The capacity of the bottle is 3 litres. 

Figure 8. Van Dom bottles. 

Knudsen Bottle 

Knudsen reversing water bottles were also used for the 
co|_le_ction of water samples and water temperature data 
from discrete depths. Each bottle was equipped with a 
bracket capable of holding up to three reversing thermom - 

e'ters. its capacity is 1 .2 litres (Fig. 3). 

METHODS AND ANALYSES 

Dissolved Oxygen 

SampIe_s__f_rom each station were drawn off from either 
Van Dorn or Knudsen bottles into 30.0—millilitre BOD 
bottles and analyzed using the Winkler titration method 
(Fig. 9). 

During 1974, a series of comparative measurements 
w.ere..m‘aderusing a YSI Model 54 DO meter, man'uf_actured 
by Yellow Springs Instruments. The. coefficient of v:a_r_iati_o,n 
at 'a' dissolved oxygen concentration of 4.1 mg/ I was 
:1,v3% (Traversy, 1971). 

" The accuracy of the probe is yet to be determined 
(Fig. 10). 

Readings were converted to percent saturation using 
-the in situ sample temperature (i.e., the temperature 

Figure 9. Winkler method" apparatus for analysis of dissolved ' 

oxygen. 

Figure 10.‘ Dissolved oxygen probe. 

recorded by the EBT at the depth at which the sample was 
collected) and the nomogram values (corrected. for Lake 
Ontario) presented in Principal Ions and Dissolved Oxygen 
in Lake Ontario (Dobson, 1968). The program for this 
conversion is readily available on magn_etic~storage cards 
of Hewlett+Packard Models 9810 and 9820.



Specific Conductance 

Samples frorneach station were drawn off from either 
Van .Dorn or‘K,nudse_‘n _l;)ott_les into 2-5,0-r”n’i|li|lit‘re plastic 
bottles and analyzed using a Radiometer CDM2 conduc- 
tivity meter. (Fig. 1.1). Sample temperature was takenat 
the jtime of measu'rement using‘ a Zeal ,the‘rmome‘ter 
(‘accuracy :;_O5°C).‘ 

-_ 

Figure 11_. Conductivity meter. 

Readings were converted to specific conductance at 
275°C using the measured value, sample temperature, 
c‘al'c'ulated cell constant, and conversion factors calculated 
by Rodgers in 1 962 for the Great Lakes_. 

A4 

At a level .of 520 ;im,hojs/lclm. thveecoefficient of 

variat_ion was ;:0.5% ('l'raversy, 1971). 

Chlorophyll a 

Samples from each station were collectedin one-litre 
graduated cylinders from the integrator,'fi|tered through a 
Whatrfian GF/C glass filter paper at a suction of 7 in. of 

mercury and stored frozenuntil reaching CCIW (Fig-. 1" 
2;)-. 

The pigments were extracted in 90% acetone and 
analyzed‘ using a Unicarn Model SP 1800 UV spectropho- 

Figure 12. Filtering receiving chamber, recta.ri‘gul‘ai' slot in cup for 
POC saifiples. 

tometer. The accuracy of the method is about 5-10% 
(Ship's Support Laboratory, Water Quality Division, 
CCIW, '1 974). 

i

’ 

Particulate Organic Carbon and Total Particulate 
Nitrogen 

‘ ‘ 

Samples were drawn from the integrator into one-.|itre 
gradu'a'ted '_cfylind‘ers, filtered through pre-treated What- 
man GF/C filters at a suc'tion of 7 in. of mercury, acid- 
rinsed, then dried in open petri dishes in a vacuum 
desiccator maintained at 20 in. of mercury, and, returned 
toCClW(Fig. 13). -’ 

Figure 13. Desiccator.



goth pacrameters were analyzed _by combustion in a 
Hewlett-[Packard Model ‘185—B_aC<HN analyzfler. The 
accuracy of the’ p_articu|ate,org'anic- .carbon’.an3'i total- 

’ particulate nitrogen analyses is yet to‘ be firm_|y determined 
(Ship's S;u'pp6r7t-Laboratory;‘Water Quality Division, 
-ccnw,19:74>.; ~ 

foetal P/yosphuorus 

Samples were‘ drawn from both the Van'Dorn bottles ‘A

A 

and the integrator into 3.00-millilitre battles to which 
13 mlofconcentrated H2804 had been added 14). 

Figure 14. Bottles for total phosphorus. 

The samples were then returned to CCIW for colori- 
metric analysis by the molybdenum blue method using a 
Technicon AutoAna|yzer. The detection _limit of the 
analysis is 0.5 pg P/I in the range of 0.5 — 50 pg P/I 
(Ship's Support Laboratory, Water Quality Division, 
CCIW, 1974). 

ADDITIONAL OBSERVATIONS 

In conjunction with the measurement of algal biomass, 
continuous solar radiation data were collected with a 
precision Eppley solarimeter and a Hew|ett—Packard strip 
chart recorder using a fixed paper speed of 1 in./hr 
(Fig. 15). Theunit of measucrement is the langley. 

in addition to carrying out the surveillance work, 
te'ch_n,ica_l staff also act as marine weather observers. 

Figure 15. Solar radiation recorder. 

Complete weather observations, for forecasting purposes, 
are taken every three hours and transmitted to the weather 
office in Toronto‘. ’ 

On several occasions, additional tasks were added to 
the cruises as requests from various individuals and 
organizations. A list of these tasks for 1974. ijncludes the 
following items: 

1) CCGS PORTE DAUPHINE participated in open 
house demonstrations, 

2) Secchi disc measurements using the older and 
smaller»20-cen,ti,metre disc were taken to establish 
a conversion factor for the readings taken prior -to 
the more recent usage of the 30-.cent_imetredisc, 

3) rain samples were collected for the assessment of 
atmospheric loading into the Great Lakes, .

V 

particulate carbon samples were collected and 
filtered for the University of Waterloo, to assist in 
determining Cl’/C” ratios, 

5) replicate and duplicate chlorophyll a samples 
were obtained for statistical evaluation, 
samples for the analysis of He ratios to determine 
water mass residence time i_n the epilimnion and 
hypolimnion were collected for McMaster Univer- 
sity, and 
grab samples of lake sediments were ta_ken for the 
Special Analysis and Quality Control Laboratory, 
CCIW.

4 
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APPENDIX 

STATION PROCEDURE 
For purposes of presenting a comprehensive view of 

what takes place when "on station," the entire sequence 
of events pertaining to surveillance 64, 
cruise 7,4.-.00-208, Septe_mberw5, 1974, is described. 

Station 64, which is just prior tothe midway point.of 
the "cruise, was reached on schedule by the ship at 
0045 hr EDT on September 5. Prior to arrival at this 
station, the two surveillance team members on watch had 
completed the work from the previous station and were 
preparing forthe upcoming station. ' 

The preparation for the station consisted of the 
following work, some of which a'p’pear's to be insignificant 
but is nevertheless necessary: 

1) fill out deck log, i.e., by referring to the cruise plan 
list what tasks are to be performed, 

2) note appropriate information on EBT and transmis- 
sometersheets, 

3) set up POC. filtration apparatus and label petri 
dishesforfilter storage, 

‘ 

4) set up chlorophyll a filtration apparat_us and label 
' 

V\lha.t.mIa.nfi.|.t.e..r, 

5') inspect reversing thermometers in Knudsen bot- 
tles, and 

6) select BOD bott_les for oxygen and phosphorus 
samples and record numbers in log books and deck 
log. 

After the vessel had stopped on stat_ion, the following 
sequence‘ of events occurred. 

,S_h,ip's _of_f_icers recorded the ship's position (fixed by 
radar) in the bridge log along with the time and a brief 
weather observation including air temperature, wind 
direction and speed (see section on‘ Data Quality Assur- 
ance, p. 12). The sounding was passed down to the 
labora't'ory. 

Down on deck, the deckhand assisting the surveillance 
team turned on the deck lights and immersed the bucket 
thermometer in the water. The meter wheel on the port 
side davit was zeroed," as was the Hewlett-Packa_rd 
recorder, and the transmissometer was lowered through 

- the "water" colurjnn to obta_in a transmission vs depth p'r‘o‘file. 

The transmissometer was then raised and stored, the 
power pack and recorder were turned off and the percent 
transmission value at 1 m was recorded to the nearest 

whole percent on the Manual Chemistry Laboratory sheet. 

While the transmissometer was being lowered from 
the port (windward) side of the ship, the_ bucket 
thermometer was read and the reading recorded in the 
deck log; and, an EBT temperature vs depth profile was 
taken using the winch on the starboard side. Since "station 
64 is approximately 2 32 m deep, it took about six ‘minutes 
to complete this measurement.

V 

During this time, an integrated sample to 20 m had 
been obtained using the port side winch and sam‘p|e‘s had 
been collected, for the following analyses: 

1) chlorophyll a, one-litre sample in graduated 
cylinder, . . 

2) two "509-smillilitre samp|es_in graduated c'y'|inder‘s 

for POC and TPN analyses, and _ 

3) one BOD bottle for total unfiltered phosphorus. J 

Each graduated cylinder was rinsed prior-to f:iJ:l_i_n_g;‘the . 

BOD bottles were not rinsed, since they had been prepared 
previously ashore and contained 3 ml of acid for sample 
storage. The water remaining‘ in the integrator ‘(approx- 
imately 2 litres) was drained. -

‘ 

The EBT trace was examined to determine sampling 
depths fordissolved oxygen and add'it_i_onal total pfhosphp—., 
rus samples. Prescribed sampling depths were 1 m below 
the thermocline and 1 m from the bottom. Acc'ordin'g|y, « 

depths of 76 m and 228 m were chosen. (The 's_ta'_t_i"o_nf " 

depth was 231 m. There was a sea ru_n_ning a_nd the ship 
was-drifting slightly; to avoid the risk of sample co_ntami- 

‘ 

V
_ 

nation fromisampling gear striking -the bottom, _the
' 

decision was made to sarnple no less than 3 rn from the 
depth indicated by the EBT.) 

' 

‘ ' ”
- 

Knudsen bottles complete with reversing thermome-_. 
ters were lowered to the depths mentioned ‘fromthe port 
side and were kept at these depths forsix minutes to 
ensure proper flushing and temperature sta bi'|i_zatio_n-. -- 

By this time in the laboratory, the filteringof the") 
chlorophyll a and POC/TPN samples was already 
underway. V 

After the six-minute period, the bottles were tripped, 
brought to the surface and stored in the racks (Fig. 3). At 
this stage, the on station work was completed and the 
bridge was informed to proceecl to the next station. Before 
getting underway the officer of the watch took a second

11



radar fix and recorded this along with the offstat_ion time in 
the bridge log. - 

In the laboratory, sample handling and treatment 
continued. The filtered chlorophyll a and P_OC/TPN . 

samples were docu_mented and placed in the freezer and 
desiccator, respectively._ The EBT trace was digitized and 
the reversingthermometers were read. During this time 
the. second su‘r’veil|a'nce technologi_st had drawn off the 
samples for dissolved oxygen and total phosphorus 
analyses. Dissolved oxygen analyses were done by both 
winkler titration’ and probe methods. The total P samples 
were.sto,red for aria_|ys_is ashore.

' 

Since it was night-time, no Secchi disc or_Forel-_l.l|e 
coloufmeasurements were taken. ' " 

A similar sequence of events took place at the _next 
s'ta’,tlorr. Van Dorn bottles, however, were used in‘ place of 
the Knudsen bottles, since no reversing ‘thermometer 
temperatures were required. Also‘, a full surface meteoro- 
logical observation was made and transmitted to the 
Toronto Weat_liér Off_i(fe.? 

12 

DATA QUALITY ASSUFTANCE 
All of the members of the survéiilglance _toam_ are 

responsible for the production ofia correct and accurate 
summary of each cruise. Detailed procedures for achieving 
such a summary, which is the basis for each cruise report 
a_nd each synoptic report, are des'or’ibed in Shipboard‘ Data 
Handling and Data Quality Assurance (M_acdona_ld, 
unpublished report). 

Data quality assurance begins ‘with e>,sacti.ng i:9mp;|e.= 
tion of work forms throughout the cruise. Duplicate ;and 
replicate samples, all carefully documented‘, are regularly 
collected and treated on ‘surveillance. c'ruises';~ although 
some of the duplicate samples are pre=§schet:|u.led for 
analysis checks, any suspect observations are repeated or 
checked immediately.. For example, at station'64 on cruise 
74-009208 a qu'plicate sample was collected for 
particulate organic carbon. Comp_lete docu_m,e,nt§afl:Ori_ for 
station 64 is given on pages 13-to 28. 

R.l£.FER.ENCE 

Macdonald, H .5. Shipboard Data Handlingand Data Qua/ityAssu{a_nce. 
Unpublished cclw ln'ter'nal Repon.
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STATISTICS SUMMARY 

cruise No. 74-0.0-208' conseca N°_ 74c-229021 ship _l?_ORTEiDAUPHINE 

Dams From September 3 ,0 September 6 Lake ONTARIO 

Cruise Type Surveina-"Ce V 

Miles Steamed 6‘]_2'8'_.___ 

_ 

Description Total 
_ 
Description Tota_l

N 

Secchi 41 Moorings 

Svtationsi Occupied 85
R 

iB_a_tl_i_y_the_rmograph Costs 43 Moorings (Met) 

5.3.7. Casts 4-2_ Moorings Ret‘rieve‘d(‘Met.) 

Transmissometer Costs 85 
V 

Moorings Established ( 

M
) 

Beyersing Thermometer Obs. 24 Moorings Retrieyed ( 7) 

Water Samples Collected (Chemistry) 199 Moorings‘ 7S_erviced (CM) ‘ _ 

Water Samples Collected (Microbiology) Moorings Seryiced (Met) 

water Samples Collected (éiolimnology ) 95 Mooririajsii Serviced ) 

Water Samples Collected ( p_(j_c_ ) 
49 Cores 'l'akeni(Gral/ity) 

Water samples Collected ( TOTAL p )_ 
199 Cores Tak.¢3,n._A(Tl5Aiston) 

Water Samples Collected ( ) G_ra_b Samples Taken. 

Water Samples Collected ( ) ‘Drogues Tracked 
wore‘: Samples Filtered (Chlorophyll) 106 Dye‘ ééloases 

Water‘ Samples‘ Treated (Phytoplankton) 

Zooplankton Hauls 
7 

Observations (Weather) 

Zooplankton HaulsK(Mysis) Observations _)_ 

Primary Productivity Moorings 1 

‘Bottom Samples (Fauna) Continuous Observations (Days) 

Integrator (IOm) Air Tefmperatrure _ W 

integrator (20m) 95 Rela_tiye Humidity 

Total Number of Depths Sampled Water Tem'peratur_e (ln—HuIl) 

Total Number of Water Samples Collected Water reinpgrolure (Towed)
Z 

V 
T T 

integrated Printout 

ONBOARD ANALYSIS Solar Radiation 
' 

11 

Geolimnology Long Wave Radiation 

Manual Chemistry (Tech: Ops.) 199 

Nutrients (W. O. D ._) 
Microbiology 

REMARK§
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