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1. INTRODUCTION

a) Objective

A limnological study of Wood Lake, B.C. was conducted during
1984, Previous studies have catagorized the lake as being '
"mildly-eutrophic" where algal growth is enhanced by nutrient
input from the surrounding water shed. A 1980 government study
(Jasper and Gray, Environment Canada) has suggested that nitrate
leaching from Hiram Walker exfiltration beds into the groundwater
system has contributed to the changing nutrient balance of Wood
Lake. It has also been suggested that this potential leaching
and subsequent changes in the lake's nutrient balance may not
necessarily be detrimental to water quality (ie: water clarity).
The 1980 report indicates that summer blue-green (cyanophyte)
blooms, which frequented the lake during the early 1970's, seem
to nave subsided. One possible reason for this is that a spring
bloom of diatoms which do not reduce water clarity to the same
extent that blue-greens do, stimulated by increased nitrogen
levels utilize available phosphorus thus limited its availability

for a summer blue~green bloom.

The objective of the present study is to attempt to determine
whether the 1980 study is an indication that a trend to improved
water quality in Wood Lake is occurring ox whether 1980 was an
anomolous year in terms of a reduction in the number and dura-

tion of summer blue~green blooms.
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2., SAMPLE COLLECTION

Samples were collected for biological analysis between March
15, 1984 and October 15, 1984, Samples for chemical analysis
were collected on March 15, June 11 and October 15, 1984.
Measurements of temperature, dissolved oxygen and light extinc-
tion were gathered between March 15 and October 15, 1984. All
above samples were collected at a point located at the center
of the lake. In addition, temperature, dissolved oxygen and
light extinction measurements were made at a north and south

point in the lake from March 15 to October 15, 1984. (See Appendix)

Water samples were collected using a 1.5 L Van Doren bottle
from discrete depths down through the water column (5 for biology
and 7 for chemistry). Glass B.0.D. bottles were filled for
dissolved oxygen analysis. Water samples were then placed in 1 L
plastic bottles for biological analysis (chlorophylls). Sample
preparation (filtration, preservation, etc.) and most biological

analyses were performed by Eco-~Tech Labs of Kamloops.

3. ANALYTICAL METHODS

a) Physical

Temperature measurements were made at 1M intervals down to
30 M. Dissolved oxygen measurements were taken at 5 M intervals
down to 30 M using an Oxygen electrode up until July and, after
July, samples were analyzed using the azide-modified Winkler
titration method usually within 4 hours of sample collection.

Water clarity measurements were made with the aid of a Secchi disc.
b) Chemistry

Samples for nitrogen, phosphorus and silica analysis were
filtered through prewashed (distilled water and sample), Sartorius
cellulose acetate membrane filters with a 0.45 micron nominal
pore size. Analysis for total phosphorus was performed on un-
filtered samples. Chemical analyses were by methods described
in the Water Quality Branch Analytical Methods Manual (IWDM, 1981).

All samples were processed and sent for analysis within 24 hours.



c) Biology
Investigations centered around distribution and composition

of phytoplankton.

(i) Two independent measures of biomass were obtained;

chlorophyll a and total cell volumes.

For chlorophyll a determinations, varying aliquots of lake
water were filtered through Whatman GF/C filters and, unless
pigments were extracted immediately, filters were stored frozen,
in the dark, with dessicant. Chlorophyll samples were done in
triplicate and results averaged. When filtering, vacuum
pressure did not exceed 10" of mercury. Chlorophyll analysis
followed Stainton et al. (1977, see appendix) with pigments
extracted in 90% acetone for 16 hours in a refrigerator, ground,
centrifuged and read on a Turner Designs III fluorometer. Cal-
culation of chlorophyll a and phaeopigments used the formulae

of Strickland and Parsons (1972, see appendix).

Total cell volumes were calculated from measurements of

cell volumes and abundance of individual species (see Appendix).

(ii) Phytoplankton species composition and abundance.

Samples (normally 250 mls) were preserved with Lugol's
solution in the field. They were shaken and settled in 1 ml
settling chambers for approximately one hour. They were then
checked under low power for random distribution of cells and
enumerated at 125%X. TFor almost all samples over 200 cells were
identified and counted. For most samples three 1 ml aliquots

were counted and the results averaged.

For each species the dimensions of several cells (filaments
or colonies) were determined and volumes calculated assuming
standard geometric shaves (eg. for ovoid with a circle in

cross-section: 4/3 wrleA) .



4. PHYSICAL MEASUREMENTS

a) Temperature

Temperature data are given in Appendix l. Spring doverturn
and stratification preceded the first sampling date. Surface
temperatures continued to rise through the summer until early
August reaching a maximum of 22°., At this time a strong thermo-
cline had been established between 6 and 20 meters, Past studies
indicate that fall overturn and isothermal conditions probably

commence around the end of November.

b) Water Clarity

Secchi depth readings are given in Appendix I. An average
Secchi depth of 19.5 feet was recorded over the period of the
study. There appears to be a slight correlation between water
clarity and algal biomass levels. The relatively small (as
compared to 1980) blue-green bloom in early June saw the Secchi
disc reading fall to its lowest value (14') though such low
readings were not recorded during the fall bloom where chlorophyll
values were three times those of June (Table 1). As well, algal
hbiomass variations throughout the year do not seem to be reflec-

ted with any consistency with respect to Secchi depths.

CHEMICAL MEASUREMENTS

|93

A list of chemical measurements is given in Appendix II.

a) Dissolved Oxygen

Dissolved oxygen ({D.0.) decreased with depth in the hypo-
limnion during the stratified period, almost disappearing
(¢1.0 myg 0y/ L) near the sediment-water interface, beginning
in the first week of August, presumably due to phytoplankton
respiration. Elevated D.O. concentrations {(29.0mg OW’L) were
recorded above the hypolimnion in March, May and June (no
D.0. recordings were taken during April). These elevated D.O.
values probably reflect photosynthetic activity although un-
settled weather during much of April-May could also have been
a contributing factor in increasing D.O. values in the upper

regions of the water column.



b) Phosphorus

Total phosphorus (TP) in the water column remained fairly
constant from spring to summer but had showed a decrease by
the time of fall sampling (see Appendix II). A similar pattern
was observed with dissolved phosphorus (DP), however, ortho-
phosphate dipped to below the limit of detection during June
in the upper 5 M but recovered by the fall. For all chemical
species mentioned above the highest concentrations were found

in the hypolimnion perhaps indicating exchange with the sediments.

¢) Nitrogen

Total dissolved nitrogen (TDN) remained fairly constant
from spring to summer but doubled in the top 15 M in October

{(see Appendix II).

Nitrate (NO3} was highest in the spring and was reduced
to below the detection limit throughout the rest of the year
although there was an increase in the hypolimnion in June.
Nitrite (NO5) was almost always below the limit of detection

during the year.

Ammonia nitrogen (AN) was almost always below the detection
limit in the spring and summer but increased in the fall and
was fairly evenly distributed throughout the water column
indicating that there had been no significant sedimenting of

phytoplankton by early October.

d) Silica

Silica (Sioz) concentrations were fairly uniform throughout
the water column during spring and summer (see Appendix II).
October 1lst saw a decrease in the top 15 M to below the limit
of detection. The expected depletion of silica in the spring,
due to diatom growth, was not seen indicating that the March 15

sampling date was too early.
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6. PHYTQPLANKTON BIOMASS

In terms of phytoplankton, the period of study can be divi-
ded into four stages though each stage is not always discrete

(See Figure I).

From mid-March through early May there was a diatom bloom
composed mainly of Fragilaria sp. (BWw in width) which peaked
on April 17. Green algae (chlorophytes) had a minor peak on
this same date. However, this was mainly composed of plankton
species (denoted "large eugleniod", see pictures 6 and 7) that
was not identified with any certainty and this peak should be

viewed with some skepticism.

As diatoms began a precipitous decline. in early May a green

algal bloom (Sphaerocystis sp.) occurred which peaked at the

end of May (chlorophyll a 13.3 mg-m~3 in epilimnion). Concomi-

tant with the rise in green algae, blue-greens (mainly Anabaena =

also peaked though not to the same extent as greens did. As

greens declined into August so did blue-greens.

The third stage spans July to Mid~August where total algal
biomass was relatively low (see Table 1). During this period

diatoms completely disappeared.

The final stage, which began in the latter part of August
and continued to the end of the study, saw a blue-green bloom

(mainly Aphanirzomenon sp. and Lynbya sp. chlorophyll a:

15.8 mg'm~3 in epilimnion). Diatoms (mainly Melosira sp.

and Fragilaria sp.[110x width]) also reappeared at this time

slight rise in early September. The October rise in diatoms

seems to be reflected in the depletion of silica (Appendix II).
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TABLE T: WOOD LAKE PHYTOPLANKION BIOMASS MEASUREMENTS AT SPECIFIC DEPTHS

, Chlorop % a Phaeoplc%ments Total Volume Dominant Phytoplankton
th aite  Depth (M, -m1x104) (by volume)
84/03/15 0.5 - 99.67 Diatom(Fragilaria sp.)

5 - - 179.11 "
10 - - 238.45 "
15 - - 304.0 "
20 - - 212.1 "
84/04/02 0.5 - ~ 318.99  Diatom (Fragilaria sp.)
5 -~ - 346.86 "
10 - - 365.90 "
15 - - 251.77 "
20 - - -
84/04/17 0.5 - - 233.16  Diatom (Fragilaria sp.)
5 - - 622.69 "
10 - o 964.80 "
15 - - 613.16 "
20 - - 516.10 "
84/05/01 0.5 - - 44.07  Diatom (Fragilaria sp.)
5 5.88 0.67 178.2 "
10 - - 503.3 "
15 - ~ 623.0 "
20 0.91 0.77 571.0 (Stephanodi.scus sp.)
%‘.“./)05/09 0.5 1.71 0.35 175.9 Chlorophyte?
5 1.90 0.28 113.4 "
10 1.64 0.44 156.6 "
15 1.72 0.61 124.4 Diatom (Fragilaria sp.)
20 1.42 0.78 95.7 "
84/05/14 0.5 1.18 0.37 -
5 0.91 0.27 -
10 0.61 0.25 -
15 0.85 0.48 -
20 1.23 0.41 -
84/05/22 0.5 2.41 0.79 -
5 2.21 1.08 -
10 1.45 0.36 -
15 0.64 0.24 -
20 0.83 0.24 -
84/05/28 0.5 1.85 0.46 503.9 Chlorophyte (Sphaerocystis sp.)
' 5 2.21 1.39 738.7 "
10 1.68 0.75 485,1 "
15 - - 293.9 "
20 - - 221.4 .
, ,06/84 0.5 6.36 0.44 724.2 Cyanophyte (Anabaena sp.)
19 5 5.44 0.83 620.3 Cyanophyte/Chlorophyte
10 1.55 0.88 258.9 Chlorophyte (Sphaerocystis sp.
15 0.77 0.51 285.0 "

20 0.49 0.47 -
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WOOD LAKE PHYTOPLANKION BIOMASS MEASUREMENTS AT SPECIFIC DEPTHS

Chlorophyll a a Phaeopwgments To%al volume Dominant Phytoplankton
Depth (g i m|1x104) (by volume)
0.5 2.71 1.00 392.17 Cyanophyte (Anabaena sp.)
5 2.40 0.62 276.97 "
10 2.09 0.43 258.47 "
15 1.46 0.48 161.17 " )
20 0.63 0.52 63.52 Chlorophyte (Sphaerocystis sp.)
0.5 1.89 0.38 460.93 Cyanophyte (Anabaena sp.)
5 2.98 0.74 309.35 Chlorophyte (Sphaerocystis sp.)
10 2.39 0.60 211.26 Chlorophyte
15 2.28 0.63 122.64 "
20 1.25 0.48 90.44 "
Cyanophyte (Anabaena sp.)/
0.5 3,46 0.40 305.88 Chlorophyte (Sphaerocystis sp.)
5 4,24 0.96 339.90 "
10 3.74 0.75 223.10 "
15 2.02 0.86 107.90 "
20 2.17 0.70 227.80 "
0.5 3.19 0.20 141.90 Chlorophyte (Sphaerocystis sp.)
5 3.55 0.38 70.05 "
10 3.44 0.83 93.06 !
15 0.70 0.20 16.90 "
20 0.42 0.21 14.05 "
0.5 2.30 0.17 169.48 Cyanophyte (Anabaena sp.)
5 3.46 0.75 240.02 "
10 3.73 1.03 95.58 Chlorophyte (Sphaerocystis sp.)
15 2.16 0.54 5.52 "
20 0.74 0.22 0.35 "
0.5 1.78 0.43 52.70 Cyanophyte/Chlorophyte
5 3.54 0.43 272.30 Cyanophyte (Anabaena sp.)
10 3.65 0.8L 61.73 Chlorophyte (Spaerocystis sp.)
15 2.00 0.31 26.39 "
20 0.88 0.16 5.00 "
0.5 1.42 0.22 42.07 Cyanophyte/Chlorophyte
5 1.87 0.43 147.50 "
10 1.98 0.30 81.16 "
15 - - 33.69 "
20 1.42 0.22 8.39 "
0.5 1.85 0.27 18.33 Chlorophyte (Qocystis sp.)
5 1.72 0.19 153.73 Cyanophyte (Anabaena sp.)
10 1.72 0.41 68.03 "
15 1.07 0.45 10.25 "
20 1.77 0.45 - -
0.5 1.69 0.31 23.82 Cyanophyte (Anabaena sp.)
5 1.60 - 0.19 57.99 (Aphanizomenon sp.)
10 1.50 0.44 56.76 Chlorophyte (Oocystis sp.)
15 1.08 0.15 19.97 "
20 0.47 0.38 14.17 "
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TRELE L: WOOD LAKE PHYTOPLANKION BIOMASS MEASUREMENTS AT SPECIFIC DEPTHS

. Chlorophyll a a Phaeopigments Total Volume Dcminant Phytoplankton
/e Depth (rng r=3) (mgeri2) (*g-nwix104) (by volume)
84/08/20 0.5 1.70 0.67 51.94 Chlorophyte (Oocystis sp.)
5 1.31 0.55 81.20 "
10 1.25 0.48 34.40 "
15 0.59 0.42 18.50 "
20 0.62 0.57 3.97 "
84/09/05 0.5 1.56 0.24 135.84 Cyanophyte (Lynbya sp. +
5 2.07 0.42 247.28 Aphanizomenon sp.)
10 1.62 0.34 147.45 Chlorophyte (Oocystis sp.)
15 1.48 0.27 88.53 "
20 1.25 0.26 98.96 "
84/09/18 0.5 3.14 1.18 127.28 Cyanophyte (Aphanizomenon/Lyngt
5 5.43 1.41 182.57 Chlorophyte (Oocystis sp.)
10 5.60 2.24 115.34 "
15 1.65 0.80 33.55 !
20 0.63 0.55 18.02 "
84/10/01 0.5 4.63 0.90 156.39 Cyanophyte (Aphanizomenon sp. -
5 5.04 2.02 182.92 Lyrbya sp.)
10 6.09 1.67 107.81 "
15 1.61 0.69 117.20 "
20 0.49 0.97 -
{-.0/15 0.5 10.8 2.75 266.42 Cyanophyte (Aphanizomenon sp.)
’ 5 14.07 0.78 307.00 !
10 9.90 2.77 313.20 "
15 3.47 1.33 54.40 Diatom (Melosira sp.)
20 0.81 0.59 86.88 "



7. DISCUSSION AND CONCLUSIONS

Wood Lake, during 1984, became strongly stratified with a
well-defined epilimnion and thermocline. Secchi disc levels
were consistent with the characteristics of a meso«troéhic
lake although there did not seem to be any correlation with
these levels and chlorophyll a measurements. Dissolved
oxygen concentrations throughout the year decreased in the
hypolimnion at rates typical of a mesotrophic lake with low
levels measured at the sediment-water interface during the
fall.

Dissolved phosphorus levels did not fall in the summer as
would be expected from algal growth but did decrease by approx-
imately 1/3 by the fall paralleling the October blue~-green

bloom.

Total dissolved nitrogen remained constant during spring
and summer with an increase in October. Since no heterocysts
were seen in blue-greens in the summer it can be postulated
that the lake was not under nitrogen-stress which would have

encouraged the production of the nitrogen-fixing cell.

Dissolved silica concentrations in the epilimnion were
reduced to low levels in the fall which was accompanied by a
small diatom bloom. It is probable that spring sampling was
too early to detect silica depletion during the April diatom

bloom.

Phytoplankton biomass levels in the euphotic zone, measured
by chlorophyll a and cell volumes, indicate that the quality
of the lake water has improved since 1980. This statement is
based primarily on the single, relatively small blue-green
bloom in June. Because summer blue-greens did not display
heterocyst development it may be postulated that the lake was
under P-limition and not under N-limition which may explain

the shift in the algal community structure from that of 1980.
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It is possible that greens (particularily Sphaerccystis Sp.)

were better able to exploit available phosphorus and suppressed

blue-green growth. Continued lake studies must be under-taken,:

however, in order to determine if this apparent improvement
in water quality can be documented from one year to the next’

or whether it is sporadic in nature.

Any conclusions regarding the specific influence that
Hiram Walker may be having on the ecology of Wood Lake is

beyond the scope of the present study.

f



APPENDIX 1

WOOD LAKE TEMPERATURE DATA '(‘OC)f FROM MID-STATION A

%?% DEPTH
(Metres)  84/03/15  84/05/01  84/05/09 84/05/14  84/05/22  84/06/06  84/06/11

0 ' 3 8 8.5 10 10.5 13 14
1 3 8 8.5 10 10.5 13 - 14
2 3 8 8.5 10 10 12.5 13
3 3 8 8 10 10 12 13
4 3 8 8 10 10 12 12
5 4 8 8 9.5 10 12 12
6 4 8 8 9 10 11 11.5
7 4 8 8 9 9.5 11 11
8 4 8 8 9 9.5 11 11
9 4 7 8 9 9 10.5 10.5
10 4 7 8 9 9 10 10
11 4 7 8 9 8.5 9.5 9.5
12 4 6 8 8 8.5 9 9
13 4 6 8 8 8 7. 9
14 4 6 8 7 7.5 6.5 8

{ 15 4 6 7.5 6.5 7 6.5 7.5
16 4 6 8 6 6,5 6 7
17 4 6 8 6 6.5 6 6
18 4 5 3 5.5 6 5.5 6
19 4 5 7 5.5 6 5.5 5.5
20 3 5 7 5 6 5 5.5
21 3 5 7 5 5.5 5 5
22 3 5 7 5 5 4.5 5
23 3 5 7 5 5 4.5 5
24 3 5 7 5 5 4,5 4.5
25 3 5 6.5 5 5 4 4
26 3 5 6.5 5 4.5 4 4
27 3 5 6.5 5 4.5 4 4
28 3 4 6 5 4.5 4 4
29 3 4 6 5 4.5 4 4
30 3 4 6 5 4.5 4 4

4“ Secchi Disc 21" 20" 33" 31" 14" 20"

Reading

Note: Depth not taken for 84/05/28 - Secchi Disc reading 23



APPENDIYX 1 Page 2

WOOD LAKE TEMPERATURE DATA (QCJ'FROM MID=STATION A

¢

(Siiggs) 84/06/18  84/06/25 84/07/03  84/07/09  84/07/16  84/07/23  84/07/31L

0 ~ 16.5 17.5 16.5 18 21 20- 21

1 16.5 17 16 17.5 20,5 . 20 T2l

2 16.5 17 16 17 20.5 19.5 20

3 16.5 16.5 16 17 20 19.5 19,5

4 15 16,5 15.5 17 19 19.5 19

5 14,5 16 15.5 16.5 18.5 19.5 18

6 14 15.5 15 16.5 17 19.5 17.5

7 13 15,5 15 16 16.5 17 15.5

8 11.5 15 15 15.5 16 15,5 14.5

9 10.5 13.5 15 14,5 15 13.5 13.5

10 10 12 14 13 13.5 12,5 12

11 10 10.5 12 12 12.5 12 11.5

12 9.5 10 10 10.5 il 11 10.5

13 9.5 9 9 9 10 10 10
(s 14 9 8.5 8.5 8 9 9 9

15 9 8 7.5 8 8 8 7.5

16 8 7.5 7 7.5 7.5 7.5 7

17 7.5 7 6.5 7 7 7 6.5

18 7 6 6 7 6.5 6.5 6

19 6 6 5,5 6.5 6 6 5.5

20 6 6 5 6 5.5 5.5 5

21 6 5.5 5 5,5 5 5 5

2 5,5 5,5 5 5 5 5 5

23 5 5.5 5 5 5 5 4

24 5 5 4,5 5 5 5 4

55 5 5 4.% 4.5 4,5 4,5 4

6 4,5 4,5 4,5 4 4.5 4,5 4

7 4,5 4.5. 4 4 4.5 4.5 4

g 4 4 4 4 4 4 3.5

29 4 4 4 4 4 4. 3.5
é: f 10 4 4 4 4 4 4 3.5

Secchi Disc 16 16 15 16" 17" 18" 17"

Reading
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WOOD LAKE TEMPERATURE DATA '(OC)' FROM MID-STATION A

N
. DEPTH
(Metres) 84/08/08 84/08/20 84/09/05  84/09/18  84/10/01  84/10/15  84/10/24
o 22 21.5 18 16,5 13.5 11 9.5
1 22 21.5 18 16.5 13.5 11 - 9.5
2 22 21.5 18 16 13.5 11 9.5
3 22 21,5 18 16 13.5 11 9.5
4 22 21.5 18 16 13.5 11 9.5
5 22 21.5 18 16 13.5 11 9.5
6 22 21.5 18 16 13.5 11 9.5
7 20,5 21 18 16 13.5 11 9.5
8 18.5 20 18 16 13.5 11 9.5
9 16 16 18 16 13.5 11 9.5
10 14.5 13 17.5 16 13.5 11 9.5
11 12,5 12 15.5 15 13.5 11 9.5
12 12 11 13 13 13.5 11 9.5
13 11 9 11 10.5 13.5 11 9.5
14 10 8.5 10 9.5 13.5 11 9.5
15 9 8 9.5 9 1L 11 2.5
6 8.5 7.5 8.5 8 8.5 10,5 9.5
17 8 7 8 7 7.5 7.5 9.5
18 7 6.5 7.5 6.5 7 6.5 9.5
19 6.5 6 7 6 6.5 6 7
20 6 6 7 6 6.5 5.5 6
21 6 5.5 6 6 6 5 6
22 5.5 5 6 5.5 5,5 5 5.5
23 5 5 6 5.5 5.5 5 5.5
24 5 5 5.5 5 5 5 5
25 5 4,5 5 5 5 5 5
26 5 4,5 5 5 5 5 5
27 5 4.5 5 5 5 4,5 5
28 5 4.5 5 4.5 5 4.5 5
29 5 4.5 5 4.5 5 4.5 4.5
30 5 4.5 4.5 4,5 5 4.5 4.5
"Secchi Disc 20 16" 17 19! 21 23" 20"



Appendix 2

WOOD LAKE CHEMICAL DATA FROM MID-STATICHN

PARAMETER SYMBOL UNITS

Depth Z Meters

Temperature °c Degrees Centigrade
PH pH PH

Total. Nitrogen TN Milliograms/Liter N
Total Dissolved Nitrogen TDN Milligrams/Liter M
Nitrate Nitrogen MOy Milligrams/Liter N
Nitrite Nitrogen NO5 Milligrams/Liter M
Armonium Nitrogen AN Milligrams/Iiter N
Total Phosphorus ™ Milligrams/Liter P
Dissolved Phosphorus DP Milligrams/Liter P
Phosphorus Ortho oP Milligrams/Liter P
Reactive Silica 810, Milligrams/Liter SiOp
Dissolved Oxygen DO Milligrams/Tditexr O
(Field Measurement) (F) Hach Kit

(Lab Measurement) (L) Winkler Azide-Modified

Method
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Appendiz 2 (con't)
Monitor Date: March 16, 1984
7. €@ DO.(F) D.O.(L) pH TN NO3 NO, AN ™  DP oP  Si0p

K; 10.6 10.6 0.77 0.032 L.005 1©0.05 0.061 0.055 0.030 1.1
5 10.8 10.8 1.01 0.042 L.005 L0.05 0.057 0.042 0.036 0.9
10 10.0 10.0 0.68 0.033 L.005 L0.05 0.045 0.029 0.029 0.9
15 6.9 6.9 0.69 0.028 L.005 L0.05 0.036 0.032 0.027 1.0
20 6.2 6.2 . 0.59 0.031 1L.005 L0.05 0.030 0.029 0.Q24 1.1
25 6.3 6.3 0.56 0.029 0.005 L10.05 0.059 0.036 0.020 1.0
30" 6.2 6.2 14.5 0.089 L.005 4.24 0.218 0.117 0.017 2.3
ronitor Date: May 1, 1984
z °%(F) D.O.(F) D.O.(L) pH TDN N0y NO, AN TP DP  OP SiO0,
o 8 11.6
5 8 12.1
10 7 11.4
15 6 10.8
20 3 10.4
25 3 10.7
20 4 11.2
Merdltor Date: May 6, 1984
z OCi¥)  D.O.(F) D.O.(L) pH  TDN  MO3  NOy AN TP DP OP  5i0,
) 8.5 10.4 7.5
5 8.0 ~ 7.5
10 8.0 10.2 8.1
15 7.5 - 8.0
20 7.0 10.2 8.0
25 6.5 -
30 6.0 10.4
Monitor Date: May 14, 1984
z %) D.O.EF)  DO.(L) . pH  _IDN _ NOg _NO, _ AN TP DP OP_ $i0,
0 10.0 9.2 5.4 ’
5 9.5 - 8.4
10 9.3 9.4 8.4
15 6.5 - 8.15
27 5.0 9.0 8.15
% s.o -
30 5.0 9.4
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Appendix 2 (con't)
Monitor Date: May 22, 1984 .
éi QE)  D.0.(F)  D.O.(L) pH TON NO3 NO; AN TP DP op  Si0p
o
10.5 10.7 8.5
1.0 - 8.45
9.0 10.6 8.35
7.0 ~ 8.25
6.0 10.0 - 8.20
5.0 9.2
4.5 9.5
Monitor Date: May 28, 1984
°Cc(F) D.O.(F) D.O.(L) pH  TDN  NO;  NO; AN TP DP Op  Si0,
14 12.0 8.35
- - 8.35
~ - 8.25
- - 8.25
- 11.0 8.15
- 10.0
~or Date: June €, 1984
SC{F) D.O. (F) D.0. (L) pH TDN NO} NO» AN ™ DP oP SJ.02
13 10.8 8.1
12 = 8.1
10 8.9 7.95
6.5 - 7.80
5 8.5 7.60
] -
4 7.4
Monitor Date: June 11, 1984
°c(f) D.Q.(F) D.0.(L) . pH _TON _ NOj _ NO, _ AN TP P QP 5105
14 10.0 8.00 0.6l 1.005 L.005 T10.05 0.042 0.039 L.010 1.0
12 - 8.00 0.41 L.005 L.005 1L0.05 0.059 U.058 L.010 0.8
10 9.4 7.95 0.35 0.007 L.005 10.05 0.060 0.050 0.013 0.9
7.5 - 7.60 0.55 0.018 L.005  0.13 0.068 0.047 0.029 0.9
5.5 8.3 7.35 0.65 0.019 1.005 TL0.05 0.078 0.035 0.035 1.0
4 - 7.20 0.67 0.038 1.005 1L0.05 0.098 0.065 0.065 0.9
4 6.6 7.05 0.76 0.066 L.005  0.23 0.131 0.120 0.11L 1.3

Pagas 2




Appendix 2 (com’t) Page 3
Mondtox Date: June 18, 1984
3. %@ DO.F) DO.(L) pH TN _NO3  Nop AN TP DP 0P 810y
Eg 16.5 9.7 8.15
5 14.5 - 8.0
10 10 9.1 7.90
15 9 ~ 7.85
20 6 7.9 7.55
25 5 -
30 4 6.6
Monitor Date: June 25, 1984
'z % D.0.(F) D.O.(L) pH TN _NO; MO, AN P DP oP  Sio,
0 17.5 11.0 8.15
5 16 - 8.10
10 12,0 9.6 8.00
15 8 - 7.75
20 6 8.2 7.80
25 5 -
30 4 5.7
“oni tor Date: July 3, 1984
7z ©C(F) D.O.(F) D.O.(L) pH  IDN  NO3  NOp AN TP DP OP  Si0y
0 16.5 10.0 7.20
5 13.5 ~ 7.15
10 14 8.9 7.00
15 7.5 - 6.45
200 5 8.1 6.30
25 4.5 =
30 4 5.5
Monditor Date:  July 9, 1984
z Sc(F) D.O.(F) D.0.(L) . pH _IDN _NOg _NOo, _ AN TP DP oP_ $i0,
0o 18 8.8
5 16.5 -
10 13 7.5
= 8 -
%@:-’ 6 6.0
¥ 4.5 -
30 4 4.0



hopendix 2 (oom’t) Page 3

amioor Date: June 18, 1984
_ %Q(P) D.O.(F) D.O.(L) pH TN NO3  NOy AN TP op op 810y

e

16.5 9.7 8.15
14.5 - 8.0
10 9.1 7.90
9 - 7.85
6 7.9 7.55
5 -

4 6.6

somitor Dates June 25, 1984

z %() D.0.(F) D.O.(L) pH TN HOy MO, AN P DP OP  SiO,
0 17.5 11.0 8.15
5 16 - 8.10
10 12,0 9.6 8.00
15 8 - 7.75
20 6 8.2 7.80
25 5 -
30 4 5.7
Yoniltor Date: July 3, 1984
Z °C(F) D.O.(F) D.O.(L) pH  TDN  MO3  NOp AN TP DP OP 510,
0 16.5 10.0 7.20
5 15.5 - 7.15
10 14 8.9 7.00
15 7.5 - 6.45
20 5 8.1 6.30
25 4.5 -
30 4 5.5
Monitor Date:  July 9, 1984
7z ScF) D.0.(F) D.O.(L)  _pH DP
18 8.8
16.5 -
13 7.5
8 e
6 6.0
4.5 ~
4 4.0




Appendiz 2 (con't)

Mopdtor Dates July 16, 1984

»

s
.

0
5
10
15
20

25

30

ks

Z

0

)
10
L5
20
25
30

A
-l

oc(F) D.0.(F) D.O.(L) pH TN NO3 NO» AN TP DP 0P SiOp
21 7.2
18.5 -
13.5 5.7
8 -
5.5 4.6
4.5 -
4 5.0
“4onitor Date: July 23, 1984
Oc(r)  D.O,(F) D.0.(L) pH  TON NO; NOp AN TP DP op  sio,
20 11.6. 8.10
19.5 - 8.10
12.5 7.8 7.95
8 - 7.80
5.5 5.9 7.60
4.5 -
4 2.5
“enmitor Date: July 31, 1984
OC(F) D.0. (F) D.O. (L) pH TON NO3 NOo AN TP Dp oP SJ'.02
21 8.8 8.15
18 9.4 8.20
12 8.1 7.80
7.5 7.3 7.45
5 - 7.25
4 -
3.5 0.9
Monitor Date: August 8, 1984
°c(F) D.O.(F) D.O.(L) _pd TON _ NO3 _ NOp AN TP DP op_ Si0,
22 8.8 8.15
22 9.0 8.10
14.5 8.0 7.65
9 7.9 7.50
6 4.8 7.45
S —
5 s

Page 4
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Page 5

Mondtor Date: Aug 20, 1984
7 %) D.O.(F) D.O.(L) pi  TON NO3  NOp AN P DR P Si0p
E@ 21.5 9.1 8.10
5 21.5 9.3 8.05
10 13 6.8 7.50
15 8 6.0 7.25
20 6 3.4 7.20
25 4.5 -
30 4.5 0.3
Monitoxr Date: Sept 5, 1984
z () D.O.(F) D.O.(L) pH TON NOy; NO, AN P DP opP  SiO,
0 18 9.0 8.20
5 18 7.5 8.35
10 17 5.1 8.35
15 9.5 4.4 8.00
20 7 - 8.00
25 5 -
30 4.5 0.6
{ L
“onitor Date: Sept 18, 1984
z ©°C(F) D.O.(F) D.O,(L) pH TDN NO3. NO> AN TP DP OP  Si0y
0o 16.5 9.35 8.35
5 16 9.2 8.35
10 16 8.5 8.30
15 9 4.3 7.65
20 6 2.1 7.60
25 5 0.3
30 4.5 0.4
Monitor Date: Oct 1, 1984
2z °%C(f) DO.(F) D.O.() . pH TN _NOy _ NOp _ AN TP DP OP_ 8i0,
0 13.5 L9.0 1.84 0.008 L.005 0.88 0.022 0.022 0.022 ILO.5
5 13.5 9,2 1.81 0.019 L.005 1.01 0.018 0.017 0.017 LO.5
10 13.5 8.9 1.85 0.032 L.00S 0.96 0.017 0.0l6 0.011 LO0.5
15 11 4.1 1.22 0.038 0.007 0.30 0.057 0.057 0.057 LO.5
o 6.5 1.4 0.72 0.181 0.009 0.37 0.104 0.100 0.098 1.0
2 5 0.2 0.87 0.385 0.146 0.44 0,174 0.155 0.150 0.7
30 5 0.3 0.98 0.413 0.146 0.68 0.216 0.1%0 0.185 1.9
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Monltor Date: Oct 15, 1984

z Q@) DO,F) DO,(L) pH TN NO3 NOy AN op P SiOp
¢ 1 8.7 7.90

5 11 8.9 7.95

10 1l 8.8 7.90

15 11 7.9 7.80

20 5.5 0.5 7.30

25 5 0.4

30 4.5 0.2

Monitor Date:  Oct 24, 1984

z %) D.0.(F) DO (L) pH TN NOo3 MO, AN DP op  Si0,
0 9.5

5 9.5

10 9.5

15 9.5

20 6

25 5

30 4.5

Monitor Dates

2 OC(F) D.O.(F) D.O.(L) pH  TDN MOy NOp AN DP OP  Si0y
Monitor Date:

7z %) D.0.(F) D.O.(L) pH TN _NO; _NO; _ AN DP oP_ SiO.




4. Botany 415 Lab #4 1.

Biomass Measurements

. Experimental Objectives

7} To determine ch]orophyll a and phaeopigment concehtrations in a phytoplankton culture
during (a) exponential growth phase {b) scensecent phase. The pigment concentrations

will be determined by (a) Spectrophotometric methods (b) Fluorescence - in vivo and
in vitro

To examine qualitatively the efficiency of extracting some marine macrophytes with
the solvents, acetone and dimethyl Sulphoxide

\

Note: Proceed with objective (1) accor@ing to the following flow diagram

™No
L

culture’
| .
inWivo filter-extract ¢hl in 90% acetone
fluorescence - . | -
in vitfo spectrophotometric
{fluorescence measurements
1. Determination of Chlorophyll Spectrophotometrically

A.  Chlorophyll extraction

(1)  Set up filter apparatus. Use a glass fiber filter

(2)  Squirt about 1 ml of a saturated solution of MgCO3 (shake immediately before use)
onto a glass fiber filter (to make pore size of filter more uniform)

(3)  The volume of the culture required, will depend on how dense the culture is. If
you cannot see a green-brown color on the filter when you are finished filterinag,
then filter more. Try 25 ml at first. Pour culture sample into filter funnel and
start vacuum pump {(~% atm setting)

(4)  Remove the filter as soon as filtration is finished, fold it in half and emerse
it in 5 ml of pre-chilled 90% acetone in a screw-top test tube or calibrated
centrifuge tube. Let the chlorophyll extraction proceed in a refrigerator, in the
dark (1ight-tight box) for about 20 hrs. For this lab we will extract for only 2 hrs
(*room temperattire ). (¥In some diatoms the enzyme chlorophyllase is still not
[;i{z completely inactivated in 90% acetone and therefore chl a degrades to chlorophyllide
~~ & with time. While you are waiting during the extraction period measure in vivo
fluorescence (Il. A-P.3) and extract Mmacrophyte pigments EIII»P.3). )

B. Sample analysis - done preferably in dim light.

(1) Empty the filter and acetone into a tissue ‘grinder and grind of ~1 min at 500 rpm.
Keep grinder tube in ice bath during grinding. Transfer the homogenized sample to
the original tube and rinse (~3 ml)-the ¢tissue grinder twice with acetone, adding.
the rinses to the rest of the sample. It is important to keep the sample in the
dark (Tight-tight box) as much as possible while carrying out the above operation.
The final volume (original sample + 2 rinses) should be 11 ml.

N2
—

Shake the tube and centrifuge for 5 to 10 min. at 3000 to 5000 g.



(4)

(5)

IT.

Carefully pipette off the superpatant into a small graduated cylinder
and measure the volume. An easier way if a graduated centrifuge tube
1s used, is to read off the volume -vecupied by the ground-up filter and
subtract it from the total volume of the solution.

Fill a cuvette wifh the extract and read the extinction at 750,664 , 647, 630,
and 430 nm against a 90% acetone blank. ;

Add 2 drops of 10% HC1 to sample in the cuvette and mix (tap tube with finger).
After 2 min read at 750 and 664 nm. (Make sure acid is completely washed
out of the cuvette afterwards),

B. Calculations

The chl a concentration (really chlorophyll a + chlorophyllide a) for a
diatom culture can be calculated according to the following equation
(Jeffrey and Humphrey, 1975),

ug chl a =S (11.47 Eggg = 040 Epsp)

Iitre v
where S = vol. of acetone (ml)
V = vol. of sample filtered (liter)
E664 - and other extinction measurements must be corrected for

turbidity by subtracting measurement at E750.

The equation assumes a 1 cm cell or cuvette is used.

Physiological index,

E430/F664 = Ea30 ~ Evsg

Eega - E7s0
Phaeopigments - really phaeophytin a + phaeophorbide a
Phacopigment a = 26.7 [1.7 (E

664 ) - Egpq 1 xS
d 9]

V
Symbols are as defined above in (a). Subscript "a' = with acid addition
and 'o' = without acid. (See lLorenzen 1967)

Determination of Chlorophyll by Fluorescence

- The readings on the fluorometer are in relative units (dial goes from 0 to 100).

Therefore, the fluorometer must be calibrated in order to convert these
readings to chl a concentrations, and it must be recalibrated each time any
changes or repair work is done on the instrument. The fluorometer has been
calibrated for you. These factors were obtained by taking some of the

90% acetone extract of chlorophyll that had been read on the spectrophotometer
and obtaining a reading on the different scales of the fluorometer (i.e.
factor = chl conc'n (ug/1)

fluor. reading




A. In vivo fluorescence
1) Turn on fluorometer and lamp for a 15 minute warm-up period.
2) Zero the fluorometer with a cuvette filled with filtered seawater. A solid
black plug.may be inserted into the culture holder also.
3) Fill the cuvette with the culture sample and read on the appropriate scale.
Repeat, taking duplicate readings.
B. In vitro fluorescence
1) Fiii.cgvette with some of the extracted chTorbphy11 sample obtained
from first part of Tab and read on an appropriate scale. It may be
necessary to dilute the sample. Which ever scale is chosen zero
first with reagent blank (90% acetone). '
€. Calculations
1) If no phaeopigments are present,the in vivo or in vitro fluorometer reading
can be multiplied by appropriate factor to get nug chla/1l.
2) 1f phaeopigments are thought to be present:
R chl a = factor (F_ - F_)
l--\L5 (Ug/'[“)’ ] d
Phaeo = factor (1.8 F_ - F
(ug/1) @0
- where F_ and F0 are the fluorometer readings with and without
acid aflded.
I11. Efficiency of Different Solvents in Extracting Macrophyte Pigments
Procedure:
1) Wash algal blade with tap water to remove adhering salt (prevents turbidity
during extraction),
2) Place blade in a beaker and treat blade with a volume of dimethyl sulphoxide
(DMS0) = 4 x blade wt. (Caution: Wear plastic gloves when handling DMSO).
3) After about 5 min. drain off yellow-brown extract into another beaker. What
pigments are contained in this extract?
4) Treat the blade with a similar volume of acetone,
5} After 5 min drain off the extract into another beaker. What pigments are

contained in this extract?



6} Describe the appearance of the blade, noting areas where pigments remain.

Lab Write-~up

1) Write up results of objective (1) and discuss results. Note the conditions

that can cause variation in the results. The following references from
your reference 1ist should be helpful: =~ . . - Jeffrey,
1974; ‘ _ - Kiefer 1973

2) MWrite up observations of objective (&), answering questions in the
procedure and referring to the paper by Seeley et al.1972,



BIOMASS ESTIMATION
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I Cell Counting

. SCOR, working group 33. 1974, A review of methods used for quantitative
P phytoplankton studies, UNESCO TECH Papers, Mar. Scl:-No. 18,

It ATP

Holm-Hansen, 0. 1970. ATP levels in algal cells as influenced by envir-—
onmental conditions. Plant Cell Physiol. 11: 689-700.

and C.R. Booth. 1966. The measurement of adenosine triphosphate in the
ocean and its ecological significance. Limnol. Oceanogr. 11: 510-519,

Sutcliffe, W.H. Jr., E.A. Orr and 0. Holm-Hansen. 1976. Difficulties with ATP
measurements in inshore waters., Limnol. Oceanogr. 21: 145-149,

11T DNA, RNA and Proteln

Holm-Hansen, 0. 1503. Amowunts of DNA and organic carbon in single cell.
Science 163: B7-88,

and W.H. Sutcliffe, Jr. and J. Sharp. 1968. Measurement of
deoxyribonucleic acid in the ocean and its ecological significance. Limnol.
Oceanogr. 13: 507-514,

Fuhs, G.W. and M. Chen. 1974, Refractive index of uranyl-treated bacterial cytoplasn

as related to ribonucleic-acid content and growth rate. Microbiol Ecolology
1: 120-125.

o .
Packard, T.T. and Q. Dortch 1975. Particulate protein - nitrogen in North Atlantic
surface waters. Mar. Biol. 33: 347-354.

Iv Total carbon

Hirota, J. and J.P. Szyper. 1975. Separation of total particulate carbon into
inorganic components. Limnol. Oceanogr. 20: 896-900.

Sharp, J.A. 1973. Total organic carbon in seawater—comparison of measuremants using
persulfate oxidation and high temperature combustion. Mar. Chem. 1:211-229.

v Comparison of filters
Liu, B.Y.H. and K.W. Lee. 1976. Efficiency of membrane and nucleopore
filters for submicrometer aerosols. Envir. Sc. & Tech. 10:345~350.

Long, E.B. and G.D. Cooke. 1971, A quantitative comparison of pigment extraction
by membrane and glass~fiber filters. Limnol. Oceanogr. 16: 990-992.

Standridge, J.H. 1976. Comparison of surface pore morphology of two brands of
membrane filters. Apl. Envir. Micrbiol. 31: 316-319,

L' Chlorophvll and Fluorescence.
Goodwin, T.W. (ed.) 1976. Chemistry and Biochemistry of plant pigments.
(2nd edition) Vol I and II (Analytical Methods) Academic Press N.Y. (Qr 898
P7 G-66).

Holw-Hansen, 0., C.J. Lorenzen, R.W. Holmes and J.D.H. Strickland. 1965. Fluorometric
determination of chlorphyll.  J. Cons. Perm. Int. Explor. Mer. 30: 3-15.

¥ Jeffrey, S.W. 1974. Profiles of Photosynthetic pig

ments in the océan using thin-layer
chromotography., Mar. Biol. 26: 101-110.

2



V1 cont'd.

Jeffrey, 5.W. 1976. A report on green algal plgments in the Central North
Pacific Ocean. <Mar. Biol. 37:33~37.

and G.F. Humphrey. 1975. New spectrophotometric equations

for determining chlorophylls 2, b, ¢, and ¢, in higher plants, algae

and natural phytoplankton. Biochem. Physiol. Pfl. 167: 191-194,

Loftus, M.E, and J.H. Qarpenter. 1971. A fluorometric method for determining
chlorophylls a, 'b and c. J. Max. Res. 17: 312-324,

and H.E. Seliger. 1975. Some limitations of the in vivo fluorescence
technique. Ches. Sci. 16: 79-92.

Lorenzen, C.J. 1967. Determinations of chlorophyll and phaeo-pigments: Spectro
photometric equations. Limnol. Oceanogr. 12: 343-346,

Kiefer, D.A, 1973, Chlorophyll a fluorescence in marine centric diatoms: Re-
sponses of chloroplasts to light and nutrient stress. Mar. Biol. 23: 39-49,

Paerl, H.W., M.M. Tilzer and C.R. Goldman. 1976. Chlorophyll a versus adenosene
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by a marine herbivore. Limnol. Oceanogr. 20:580-586.

Tett, P., M.G. Kelly and G.M. Hornberger. 1976, A method for the spectrophotometric
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Yentsch, C.A. and D.W. Menzel. 1963. A method for the determination of phytoplankton

chlorophyll and phaeophyti¢\by fluorescence.Deep~Sea Res, 10: 221-231.

Seeley, G.R., M.J. Duncan and W.E. Vidaver. 1972. Preparation and analytical
extraction of pigments from brown algae with dimethyl sulfoxide. Mar. Biol
12: 184-188.

Shoaf, W.T. and B.W. Lium. 1976. Improved extraction of chlorophyll a and b from
algae using dimethyl sulfoxide. Limnol. Oceanogr. 21: 926-928." -

BLAva saon
bt LELRJTAWTTY

[ n‘};,uv NTERAY AT IR
Jub

BIuntay g oCa

Cizgram of Turner Doub'e Beam Filter Flooromelter e



References (continued)

Holm-Hansen, 0. and B. Riemann. 1978. Chlorophyl] a determination:
improvement in methodology. 0:Kos 30: 438-447. :

Marker, A. F. H. 1972. The use of acetone and methanol in the estimation
of chlorophyll in the presence of phaeophytin. Freshwater Biology
2:361-381.

Marker, A, F. H. 1977. Some problems arising from the estimation of
chlorophylla and pheophytin a in methanol. Limnol. Oceanogr. 22:578-579.

Tett, P., M.G. Kelly and G. M. Hornberger. 1975. A method for the spectro-
photometric measurement of chlorophyll a and pheophytin a in benthic
microalgae. Limnol. Oceanogr. 20:887-896,

Whitney, D. E. and W. M. Darley. 1979. A method for the degradation of
chlorophyll a in samples containing degradation products. Limnol.
Oceanogr. 24:183-186.



Bot. 4158 LabO‘!‘aT:OY‘y 4 (Append‘ix)

1)

Biomass Measurements

Cell Counting (a) Microscope- can obtain numbers, species and volume. The
latter is determined by measuring certain dimensions of the cell
(e.g. length and width) and assuming the cell approximate§ a
certain geometric shape (e.g. cylinder, where Volume = nr" h)
Cell Volume can be converted into carbon using an equation by
Strathman (1967).

Disadvantages ave 1) time consuming 2) human errors 3)
preservation problems

(b) Particle counter

- counts particles and therefore chains of cells.
- counts detritus (dead particles).

- gives good estimate of total volume since number of
particles analyzed 1is large,

Chemical Methods

(a) Pigments (i) Spectrophotometric method
using trichromatic equation (SCOR-UNESCO, 1966) to measure
chlorophyll a, b, ¢ and carotenoids,

- can get losses if store samples or expose to light.
- degradation products of chlorophyll a are as follows:

~phytol 5 chlorophillide a _ -Ma .
chlorophyllase ' oo
=Mg_. —» phaeophytin a ~phytgjj%

Pigment diversity index or physiological index

chl a -
phaeophorbide a

E4 - a ratio above 3 {i.e. getting more
g carotenoids formed) indicates senescent algal
664 population.
methods measuring- il dhaeopigments ) are really measuring both
9- phacopnyn %ﬁp;?ﬁfé)é’sﬁé“ﬁ‘{)%g a (Jeffrey, 1974y 0
Phaeopigments - measured by adding 2 drops=of 10% HC1 to chlorophyll extrac
- if chl b present will exaggerate phaeophytin value
since chl b increases fluorescence when acid added.
acid ratio = Fo/Ea = 1.7 (when no breakdown present)
chl e - new equations (Jeffrey and Humphrey, 1975) primarily
- affect determination of chl c. 0ld equations (UNESCO,
1966) give c¢hl ¢ values 2 times too high because old
extinction coefficient determined with chl ¢ which
polymerized when purified,giving a lower extinction
coefficient.
note: - Spectrophotometric method does not distinguish between:
€1g chl a and chlorophyllide a
2) phaeophytin a, phaeophorbide a or chl b



The new equations (Jeffrey and Humphrey, 1975) are:

1. Higher plants and green algae containing chlorophyllsaandd
(solvent 909, acetone)
Chlorophyl! a = 1193 E; — 193 Ey

- Chlorophyll & = 20.36 Eg(; — 5.50 Egqy

9, Diatoms, chrysomonads and brown algae containing chlorophyllsa, and
e, and ¢, in equal proportions(solvent 90% acetonce)
Chlorophyll a = 11.47 Egq — 0.40 Eg,
Chlorophylls ¢, -+ ¢ = 24.36 Egyy — 3.73 gy
3. Dinoflagellatesand cryptomonads containing chlorophyllsa and e
(solvent 1009, acctone)
Chiorophyll a == 11,43 Egy — 0.64 Eggy
* ChlorophyH ¢ = 27.09 Egyp — 3.63 Eggy

4. Mixed phytoplankton populations containing chlorophyllsaandb and
equal amounts of chlorophylls ¢; and ¢y (sclvent 9095 acetone)

Chlorophyll « Cem 1185 Bggy — 104 Egyy — 0.08 Eggg
Chlorophyll b == — 543 Eggy +.21.03 J OP 2.b5) Effm
Chlorophylls ¢, + ¢y = — 167 Egqy — 7.60 Egyy - 24.52 Eggy

(1) Fluorescence method

a fluorometer is used to measure chlorophyll fluorescence

~ blue Tight passes through primary filter (430 nm) - causes chl a to
fluoresce (gives off red light). This 1ight passes through a secondary
filter (676 nm) which helps decrease the interference due to fluorescence
of chl b and ¢. (660 and 642 nm, respectively).

- in vitro - Yentsch & Menzel (1963)
extract chl into acetone - read in fluorometer
- easy - insensitive to turbidity
- however - not as sensitive as spectrophotometric
(trichromatic) method
- 1oss of detail (no values can be determined for
chl b, ¢ or carotenoids)

- interference between chlorophylls and phycobilin
fluorescence.

¢

- in vivo Lorenzen (1966), also Loftus and Carpenter (1971)

- read fluorescence on live culture

- can continually read fluorescence of experimental cultures
in tubes {culture not used up)

- however - ~ 1/10 as sensitve as in vitro method

- affected by temperature (fTuor. * as temp. *)



Lk

(1i1) Thin layer chromatography (Jeffrey 1974)
- necessary for accurate determinations of degradation products of cpl a
- extract - concentrate pigment from solvent - TLC-elute-spectro- -
photometry.

(b} ATP - method of Holm-Hansen & Booth (1966)
- ATP is very labile, therefore method estimates total 1iving biomass
- the determination of ATP is by bioluminescence where 1 photon of Tight
is emitted for each molecule of ATP hydrolyzed according to the
following equation.

LA
Luciferin + ATP + 0, M3 | \civerin + PPi 4 AMp « H,0 + 1 photon

(reduced) Luciferase (oxidized)

(c) Protein - can now be quickly measured using a fluorescent compound, fluorescamin
(Packard and Dortch, 1975) :

(d) Total Carbon - high temperature combustion of particulate organic carbon into
co, (Sharp, 1973)

Conversion from one biomass estimate to another

1) Fluorescence — >cﬁﬂ 2 - ratio varies by over a factor of 2, due to:
a) Light intensity - as Lt intensity + fluor.¥ in 15 min,
due to chloroplast movement
(Kiefer, 1973)

b) Nutrient deficiency ~ ratio + as cells become stationay
2) chi gf-—-——“~>c - ratio varies between 10 & 90 (avg. ~ 30 to 40)

Note: To convert from fluorescence to C is a 2 step process. If one assumes
a certain ratio for each conversion, then final estimate could be
high or low by up to a factor of ~ 4.

3) ATP—-—3C - C/ATP ratio varies from 125 to 250.
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V30V, FLUOROMETRIC DETERMINATION OF CHLOROYHYLLS
INTRODUCYION

. “The method described here is based on the use of the Turner fluorometer as
suggested by C.S. Yentsch and D.W. Menzel (Deep-Sea Res., 10: 221, 1963) and
subsequently investigated by Holm-Hansen et al. (J. Conseil, Conseil Perm. Intern.
Exploration Mer, 30: 3, 1965). The method is not so accurate as the spectrophoto-
metric approach but has the convenience of speed and the requirement of much
smaller sample volumes for a given sensitivity. Only chlorophyll a is determined.

METHOD
A. CAPABILITIES
The limit of detection will depend upon the volume of water filtered and the
sensitivity of the fluorometer. With a 2-liter sample about 0.01 mg chlorophyll a/m’
should be detectable with surety. The precision is very much dependent on the
amount of pigment being determined but P (see NOTE ON STATISTICAL LIMITS) 18
better than 8% of any value of chlorophyll a exceeding 0.5 mg/m®.

B. QUTLINE OF METHOD
Extracts obtained as described in IV.3.1 are measured fluorometrically with the

Turmner fluorometer.

C. SPECIAL APPARATUS AND EQUIPMENT &

- see IV.3.1,C but only glass filters should be used. The Turner fluorometer is
ggwim the “high sensitivity” door, F.4T4-BL lamp, Wratten 478 or Corning

$.5-60 filter for the excitation light and Corning CS.2-64 filter for the emitted light.

). SAMPLING PROCEDURE AND SAMPLE STORAGE
See IV.3.1,D.

. SPECIAL REAGENTS
See 1V.3.LE.

g

¥. EXPERIMENTAL ;
The extracts from 0.25-2 liters, obtained exactly as described in Iv.3.LF.1-5,

but using only 10.0 ml of 90% acetone, are measured in a Turner fluorometer with
the scale “zeroed” for cach door opening against a tube of 90% acctone. Provided

that phaco-pigments are absent:

mg chlorophyll a/m?® = F, xR

where R is the reading of the fluorometer and F, is a factor for each door {see
Section H below). Do not use solutions which necessitate the use of door 1 or which
give readings much greater than 50 on door 3. With such solutions the concentra-
tions of chlorophyll are too great for there to be linearity between fluorescence and
concentration. If solutions are t00 concentrated dilute 3 ml (pipette) of extract with

3 mi of 90% acetone in a second clean, dry tube.
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G. DETERMINATION OF BLANK
As the conditions used in the fluorometer are specific for chlorophyll and this

i not introduced as a contaminant in reagents We have never found a blank, per s¢, L
with this method. The output (probably ¢rom scatter) of a tube of 90% acetone i L
pot negligible on door 10 and the instrument should be zeroed against-a tube of

90% acetone with all doors immediately prior to use.

H. CALIBRATION
* This must be done on extracts from marine phytoplankton as pure chlorophyll

a is difficult to obtain. Wwith the conditions recommended in this method the instru-
ment responds almost exclusively to chlorophyll a but there is a slight and variable
hlorophylls. ¥or this reason factors vary @ little from species to

response to other ¢
nd ihat a healthy culture of Skeletonema costatum o, even

gpecics. We recomme
| more, a mixture of about equal amounts (by pigment) of Skeletonema costatitin,

Coccolithus huxleyii, and Peridinium trochoidium be used as a source of chlorophyll. {
i€ such cultures are not available natural populations can be used but there 15 then 1
always uncertainty as to the prescnce of phaeo-pigments. Take samples,from ncar i
the surface in eutrophic waters under eartly s«ploom” conditions. |
Extract sufficient culture ot natural population t0 give 50 ml of extract having "
a reading of about 50 on door 3 of the fluorometer (R,). Determine the amount,
C, as described in IV.3.LT, having ensured that the wavelength alignment of the
spectrophotometer s carefully adjusted. Determine F, for door 3 from the formula:

T A—‘!

i C

b F, =%
/ 8 I<3

Dilute a known volume of the extract with a known volume of 90% acetone
so that readings greater ¢than 50 are obtained for doors 10 and 30 with known new
values of C,. Calculate F,, and Fy, from expressions analogous to the above.

uble to determine both chlorophyll and phaeo-

Note: Generally it is so little extra tro
addendum is recommended for work

pigments together that the approach given in the following
with samples other than phytoplankton cultures.
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ADDENDUM TO V.31V, FLUCGROMETRIC DETERMINATION
OF PHAEO-PIGMENTS

METHOD

This procedure is taken from Holm-Hansen, et al. (J. Conseil, Conseil Perm.
Intern. Exploration Mer, 30: 3, 1965) and is essentially the same as IV.3.TV except
that after the first reading, Ry, is taken on the fluorometer, the tube is removed,
and 2 drops of 5% v/v hydrochloric acid are added. The contents of the tube are
mixed by inverting once or twice, and a second reading, R, is taken between 30 and
60 sec later, after a stable value is reached.

Notz: The tube must be washed out well with 90% acetone between determinations to
make sure that no acid remains,

The precision varies from sample to sample and is not so high as the precision
obtainable when only measurements on unacidified solutions are made. Quantities
of phaco-pigments less than 10% of the total pigment should be interpreted with
caution.

mg chlorophyll a/m?® = F,

mg phaeo-pigment/m?3 = F, ‘——7—1 {(+R, — Ry)
< .

|

wuere F), is the door factor and » is a ratio obtained as described below. There is no
blank per se with this method.

CALIBRATION

The door factors, F,, are identical with those obtained in IV.3.1V,H and
should be obtained in the same way, ideally from mixed cultures. The ratio, ,
is the ratio .%1 obtained on any extract free from phaco-pigments but, preferably,

K]
an exiract used for standardization. This ratio, which should be near to 2.2 with the
equipment specified here, must be obtained by making all measurements on one
door, the R, value being as near to 100 as practicable. The value of r is not quite
constant, especially if a great deal of chlorophyll ¢ is present in some extracts, so
slightly negative values for phaco-pigments may sometimes be obtained. A single
formula is good enough, however, for most field work and will estimate the fraction
of phaco-pigments present in samples sufficiently well for most ecological studies.
For work of the highest precision use the method given in the Addendum to IV.3.L
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11.

12.

13.

14,

PICTURE KEY

Fragilaria sp. (110 microns in width, 125X%)

Sphaerocystis sp. (100 microns in diameter, 125X)

Sphaerocystis sp. (500X)

? (denoted on count sheets as "Large Euglenoid",
microns 1000X)

Anabaena sp. + "large euglenoid”

st

Anabaena sp. clump (125X)

Staurastrum sp. (400X)

Ceratium sp. (1000X)

Asterionella sp. (125X)

Oocystis sp. (mother cell, 1000X)

Stephanodiscus sp. (9%ﬂ,in diameter, 500X)

Stephanodiscus sp. (1000X)

Aphanizomenon sp. (+ akinete, 125X)

Melosira sp. (500X)

Melosira sp. (1000X)

50-25

? (denoted 3 on count sheets, % microns wide, 125X)

? (denoted % on count sheets, 500X)



ENVIRONMENTAL TESTING
GEOCHEMISTRY
ANALYTICAL CHEMISTRY

© ASSAYING

LABORATOR'F—-%Q 783 Notre Dame Drive, Kamloops, B.C. V2C 5N8 - Telephone (604) 3729700
) Telex: 048-8393

o 0
. . : March 22; 1984 |

. ANALYTICAL RESULTS

i

CLIENT: Hiram Walker & Sons Ltd,
Okanagan Distillery
P. 0. Box 250 '
WINFIELD, B. C.
VOH 2CO0

ATTENTION: Mr. Len Russell, Quaiity Control Supervisor

SAMPLE IDENTIFICATION: 7 lake study water samples received 0800 hrs. :
March 16, 1984 collected March 15,1984

PARAMETER s
SITE NO. SRR
1 2 3 4 5 6 ST

Nitrogen - Total ‘ :

Kjeldahl (as N) 0.77 1.01 0.68 0.69 0.59 0.56 14.5
Nitrogen - Dissolved :

Nitrate (as N) 0.032 0.042 0.033 0,028 0.031 0.029 0.089
Nitrogen - Dissolved

Nitrite (as N) <0.005 <0.005 <0.005 <0.005 <0.005 - 0.005 <0.005
Nitrogen ~ Ammonia

(as N) <0.05 <0,05 <0.05 <0.05 <0,05 <0.05 4,24
Phosphorus —~ Total

(as P) 0.061 0.057 0.045 0.036 0.030 0.059 0,218
Phosphorus - Total

Dissolved (as P) 0.055 0.042 0.029 0.032 0.029 0,036 0.117
Phosphorus - Ortho .

(as P) 0.030 0.036 0.029 0.027 0.024 0.020 0.017
Silica - Reactive

(as Si09) 1.1 0.9 0.9 1.0 1.1 1.0 2.3

NOTES ¢ All results expressed in mg per litre,
{ = less than
* Sample taken at lake bottom -~ some sediment in sample.

oy ey [
FECO—TECH LABORATORFYS L7V, ¢
Sandra M. Taylor, M.S
Chief Chemist
SMT/mil KAMLOOPS — CALGARY -~ BURNABY
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ENVIRONMENTAL TESTING
GEOCHEMISTRY
ANALYTICAL CHEMISTRY

. ASSAYING

10041 E. Trans Canada Hwy., R.R. #2, Kamloops, B.C. v2C 243 Phone (604) 573-5700
Telex: 048-8393

October 16, 1984

ANALYTICAL RESULTS

CLIENT: Hiram Walker & Sons Ltd.
Okanagan Distillery
P. 0. Box 250
WINFIELD, B. C.
VOoH 2C0

ATTENTION: Mr. Len Russell, Quality Control Supervisor

SAMPLE IDENTIFICATION: 16 lake study water samples received 0930 hrs,
October 4, 1984 labelled as follows:

No. 1l: Wood Lake - Om
2 1 1" — Sm
3: nen ~ 10m
b "o ~ 15m
5 meoon -~ 20m
6: meo - 25m
7. f 1" - 30m
8 Kal Lake - Om
9., 1" 11 _ Sm

10: " " —~ 10m
11 A " ~ 15m
12: e ~ 20m
13 weon - 25m
14 moon ~ 30m

15: Duck #1
16: Duclk #2

PARAMETER: P wewo sy westy WEC N % WeC) Lo mEeD RS
T ’ SITE NO.
1 2 3 4 5 6

Nitrogen - Total

Kjeldahl (as N) 1.84 1.81 1.85 1.22 0.72 0.87
Nitrogen - Dissolved

Nitrite (as N) <0.005 <0.005 <0.005 0.007 0.009 0.146
Nitrogen - Dissolved

Nitrate (as N) 0.008 0.019 0.032 0.038 0.181 0.385
Nitrogen - Ammonia

(as N) 0.88 1.01 0.96 0.30 0.37 0.44
Phosphorus - Total

(as P) 0.022 0.018 0.017 0.057 0.104 0.174
Phosphorus — Total

Dissolved (as P) 0.022 0.017 0.016 0.057 0.100 0.155
Phosphorus ~ Ortho

(as P) 0.022 0.017 0.011 0.057 0.098 0.150
Silica (as S1i09) <0.5 <0.5 <0.5 <0.5 1.0 0.7

e /2

KAMLOCPS — SALGARY — BURMABY
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SourTH STATIo~ . <EA¢(’ LoaTels Howsz )

Hiram Walker & Sons ltd, L - 2 October 16, 1984 Wf"z
AL CORAL KA AL T KAL /11':'7/’"5 :
PARAMETER : v g v (e 20
Wued 30 SITE NO,
7 3 9 10 11 12

Nitrogen - Total

Kjeldahl (as N) 0.98 0.31 0.12 1.29 1,48 1.22 °
Nitrogen - Dissolved

Nitrite (as N) 0.146 | <0.005 <0,005 <0.005 <0.005 <0.005
Nitrogen - Dissolved

Nitrate (as N) 0.413 0.014 0.009 <0.005 <0.005 0.010
Nitrogen -~ Ammonia

{as N) 0.68 <0.05 <0.05 <0.05 0,05 <0,05
Phosphorus - Total

(as P) 0.216 0.027 0.035 0.018 <0.010 «<0.010
Phosphorus - Total

Dissolved (as P) 0.190 0.021 0.020 0.018 <0.010 <0.010
Phosphorus - Ortho

(as P) 0.185 0.018 <0.010 <0.010 <0.010 <0.010
Silica (as Si0j) 1.9 0.5 0.5 0.5 <0.5 <0.5
PARAMETER : ] e )
e AL LY kAL ST NO. Ducte

13 14 15 16

Nitrogen - Total

Kjeldahl (as N) 0.11 0.13 0.43 1.49
Nitrogen -~ Dissolved

Nitrite (as N) 0.014 0.005 | <0.005 <0.,005
Nitrogen - Dissolved

Nitrate (as N) 0.025 0.022 0.037 0.033
Nitrogen - Ammonia

(as N) <0.05 0.15 0.22 0.20
Phosphorus - Total

(as P) <0.010  <0.010 0.02¢ 0.022
Phosphorus - Total

Dissolved (as P) <0,010 <0.010 | <0.010 <0O,010
Phosphorus - COrtho

(as P) <0.010 <0.010 | <0.010 <0,010
Silica (as SiO9) <0.5 <0.5 1 0.5 1.0

NOTES: All results expressed in mg per litre,

< = less than
rxf%7 / 7 ;;/ ;7
N N Y

g
ECO-TECH LABORATORIES LTD.;//
Sandra M. Taylor, M.Sc. ~
Chief Chemist
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