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ABET!EACT
One of the fruitful cdvancee of expurimontal warer quality re-
scarch is the wlzal growth notential {(AGP) wmeasurcment.  ‘Though already
used in the beginning of this rcentury it wos taken into vider use apnout
13 vears ayo. The dilfferent poscibilicies of the use of rhe method axe
described.  Also somz evanpli~s are <.ven.  Al:o the detailed description
o the algal assay hotiue tost poe hod acd chlorephy il a nethiod ave in-
cunded,
"
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AGP
mg Chl

£

The test described is so-called batch test,

-5 -

In addition o that thcre are also so-called chewmostat and dialysis tests.,

This name derives from the fact, that in the test in a bottle the

water "batch' is the samc during the wiole test meriod,

2, ALGAL ASSAY PROCEDURLS

In the following algal assays will be described in detail.

%5 
b'-
»
§

E o

a4, Algal growth potential of waters

In this test a water sample is filtered through a Whatman GF/C glass-
fibre filterl) Then & volume of 100 ml is poured into a conical flask of

250 m}, This is to ensure, that there is a good voluue-surface-ratio,

The sample is inoculated by one drop of selenastrum capricornutum culture,

A beucer is placed upside down on the flask and the sample is placed

under constant light of about S000 lx (fluorescent iamps, Philips TL 33 or
equivalent) . The algal are let to grow for about 14 days,

The sample must be shaken once a day (National Eutrophication Rescarch
Programme, 1971, Nordforsk, 1Y73), After 14 days the chiorophyll a concen-
tration of the sample is measuvred (sce appendix 2Z) . Also some other para-
meters can be used; turbidity, cell number, cell volume, dry weight, organic

carbon concentration, etc.

The results can be used to compuve the nutrient status of the waters,

The comparison can alsc be made against a standard solution cultivaticn.

a/m
eutrophic

| | _ oligotrophic

water

Fig. 1  Status comparison of waters

1) Erom the filter the suspended solids can be measured on dry weight

basis by weighing.
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Until now there has not been enough data to cnsure the borderline between

oligotrophic and eutrophic waters,

b, Thelimiting nutrient of a water body

This test is made in the same mannei as the lake water test. But e
instecad of one test bottle there arc scveral bottles, The next figure can

show an example of this,

e e e et g g
o v
7 -
' 10,05 PO, ~P addition
/'/ 4 - L
/
foe——— — —
5,0 0,5 0
NO.-N addition

3

Fig. 2. An example of the scheme of the limiting nutrient test.

After the test a threecdimensional figure is drawn according to the

Tesults,

AGP 3
mg Chl a/m

i
no effects, P is limiting N is limiting
usually heavily

loaded ’

Fig. 3. Examples of some analysis of achicved data

According to these results the sensitivity of receiving water is

evaluated and f.ex,the need for nutrient removal from sewage is set.




. c. The effectiveness of waste water treatment

One very largely used application of the west is to follow the
v quality ot effluents of the municipal waste water treaztment plants, The
sample 1s usually a continuous sample for 24 hours taken according to the
effluent flow rate. An ACGP-test is then made cvery day in the way described

ewriLier.

In some cases this wethod has frequently been used since 1571,
In these tests a weekly rhytm has been found, Sumples taken on Suadays
had the lowest and samples taken on Wednesdaye had the highest vaiues,
Normaily the correlation hetween PO, -P and AGP-valucs was good and no cor-

4
retation between NOS-N and AGP wvalues was found (Forsherg, 1973).

d. The effects of dificrent kinds of waste wuters and other conponents

in receiving waters

To test the effccis of cffluents on the recelving waters the dilution

series ure usually made,

A
e Chl a/m”

AR

e ' -

N

100 75 30 25 0 5 1 0
% of waste water in recewving water

Fig. 4. A scheme of the dilution series

Then the norinal AGP-test is made with all the dilutions,
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Fig. 5 Cxamples of the results with municipal and industrial

waste waters

Usually municipal waste waters have diminishiny ceffect when the
dilution becomes greater, This is not the cuse with industrial waste
. waters, For example pulp mill waters have the effect shown on figure 5,
The conclusions can also be made comparing the results with the results of

. similar tests made with a synthetic medium (Lohmusluoto, 1871).

Knowing the hydrology of the receciving water the effects of waste waters
can be evaluated by calculating the dilution fauctors, Also some studies on
the fevtilizing effects of interstitial water have been made, For example
in lake restoration cases tests have becen made with lake water, with lake

water +10% and with lake water +20% of interstitial water before, during

and after the removal of bottom deposit of layer of about 1 meter thick,
The effect of bottom deposit removal was quite cicar on the nutrient con-

centration of interstitial water,

before during after after

b
AGP 2
we, Ol a/m ) [

-

w,“J; ____M““L1M”“”MW“J_1J L1t ;i

L 10 20 L 10 20 L 10 20 L 10 20 | -
Fig. 6 An example of the coffects of bottom deposit removal on the ;ﬁ
fertilizing capacity of interstitial water (cf. Lindmark, 1973) i
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3, SOME METHODOLCGICAL PROBLEMS

3

r
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- The method involves some problems in its use. ‘the first one is, that

water samples nmust be Filtered through a gluss fibre filter, This contributes
somewhat to the water itself, But probubly this is not so jmportant, because
the results are in any case relative,

The use of only one species of algal, may be another factor, But
in most cases the total yweld of algal is almost thie same whether only one
o1 several algal specics are nsed,

When working with arcas, which have salinity gradients the application
of test results can be more cifficult, This is due to the fact, that ore
algel species has a specific epeimal salinitv, jor example in my own tests

the following Tesults have beon Frund,
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Fig. 7 An example of the effect of salinity on the growth of two
algal specles,

This means that salinity affects very much on the results (cf.

T T TR e Ty TN e [ e o e s -

Lehmus luoto, 1977, in print). i
Also in differeat parameter measurements there might be some specific B
problems. But if we are here going to use the chiorephyll a method, there .
£
. could probably not be any. The use of algal assays we have found to be b
3 b
of great value. The results of algal assays have the advantage of being i
. . ) . . £
' very expressive in contrast to most cacmical parmmeters used to charasterize A
L . . .o . L
the ccological impacts of Jdifferent kinds, This is an important matter to ;
. o . - . !
conslder, when the —csults of an investigation arce to he presented to b
authorities, industry and to the public, £
g
}
[
[
b
W - .
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- 11 - APPENDIX 1

AL GAL ASSAY BoOtYTLE TEST

1. INTRODUCTION

Algal assays arc mainly used in studying recipients, their status
of nutrients and stimulative and inhibhitive cffects of effluents or other
compounds as well as limiting nutrients, mainly nitrogen and phosphorus,

of water bodies,

2. APPARATUS
Culture vessels, 250 ml  conical flasks
Scoppews for culture vesscls, 100 nl beakers
1ilumination table, illumination rate S klx, temperature +22°C%2°C
Glassfibre filters, Whatmon CF/C
Filtration apparatus

Sterile pipettes of 1 ml

3. REACGENTS

Stock culture solution, 5% Z 8 (= standard solutigﬂ)

23.35 mp/1 NaNO3
s .
2.95 " Ca(N03)2.4H20
" <
1.55 }\ZIIPO4
1.25 " Mg804.7H20
1,05 " Na2C03
3.7 " Komplexon IIT
140,00 /ug/l Fe(,l3 ] 6H2O
0.15 " Na W, 21,0
0.4 " (NH4)6M07024.2H20
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0.6 /.\g/i KBr

0.4 | " KT

1.45 " ZnS0,. 7i,0

0.75 " Cd(N03)2.4H20

0.75 " Co(N03)2.6H20

0.65 " CuSOA.SHZO

0.95 " NiSOd(NH4)2SO4.6H20
c.2 " Cr(N03)2.7H20

0.04 " VZOS

2,35 4 AL, (S0,) K,50,, .2411,0
15.5 " ilsBO:5
12.5 " MnSO

4

See also : Preparation of stock culture solution, 28 100% page 17.

NaNO, - solutions
a. 1 mg NO3 - N/ml, dissolve 625 mg NaNO3 in 100 ml distilled water.

b. C.1 ng NOZ-‘N/ml, dissolve 62.5 mg NaNC3 in 100 ml distilled water,

EQHPQ4 - solutions

a. 0.1 mg PO, - P/ml, dissolve 55.6 mg K,HPO, in 100 ml distilled water.
b, 0.01 mg PO4-P/m1, dissolve 5.56 mg KZHE’O4 in 100 ml distilled water.
4, STOCK CULTURE

Selenastrun capicornutum (green alga) is maintaimned in batch cul-

“¢ure, 100 ml of stock culture solution is poured into a 250 ml conical
flask., The flask is covered vy a 100 ml beaker and autoclaved at 120°C
"for 20 min. After cooling one drop of the two weceks old stock culture is
transferred aseptically into this flask. The flask is set onto the illumi-

nation table and is shaken once a day. This procedure is done in tripli-

mma masnamr ammanmd ceanls
Cdt CVOi)y vl Woun,.
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5. TEST PROCEDURE

The test procedure 1s divided into four parts depending on the
type of the test. The following procedurce are the simpliest ones and

the additions and “itutions should be kept as examples conly.

a. Algal growth potential of waters

ARSI e ad PRt Mt o

- A volume of 200 ml of s:mple water is fiitered through =« i
Whatwan GUF/C giessfibre filter. This filter can be used to E
measures the suspended solids o deoy weight basis. b

Teu¥
L". .

Pour 100 ml filtered water into 250 ml conical flask.

TR
. ‘-,. e

~ Transfer one dron of two weeks old stock culturc of algae

aseptically (not to contaminate the stock culture) into the ;é
\‘"v
flask. b
: N
- Cover the flask with a IC0 ml beakerx. @
P.
- Sect the fiask onto the illumination tuhle, :
|
- Shake the flask once a day.
- After 14 days make the chlorophyll a measurement according to {
appendix 2. !
.
4
b. The limiting nutrient of a water body g
- A volume of 1000 ml is rilteved through a Whatman CF/C glass- £ 
fibre filter. This filter can be sued to measure the suspended L
solids on dry weight basis, f
- Pour 100 ml aliquots of filtered water into 9 250 ml conical .
- ’(i
flasks, A -
-  Add N03 -N and PO4 -P into the flasks £, ex., accowding to the ;
foliowing table : { 
b




Flask NOS - N.omo/1

1 -

2 0.5
3 5.0
4 -

5 0.5
6 5.0
7 -

8 0.5
9 5.0

aseptically (not to conteminste the stock culture) into the

flasks.

PO
e

Cover the flasks with 100 ml beakers.

1

- P.mg/1

0.05
0.05

0.05

0.5

0.5

Transfer one drop of two wecks old stock culture of algae

Sce¢ the flasks onto the illumination table.

Shake the flasks once n day.

~fter 14 days make the chlorophyll 2 mcasurements according

to appendix 2,

The effectiveness of waste water treatment plants.

A volure of 200 ml of a continuous samplie for 24 hours taken

according to the effluent flow rate is filtered through a

Whatman GF/C glassfibre filter daily,

Pour 100 ml filtered water into 250 ml conical flask.

Transfer one drop of two weeks old stock culture of algae

aseptically (not to contaminate the stock culture) into the

flask.,
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Cover the flask with a 100 ml beaker,
Set the flask onto the iliuxination tuble.
Sheke thz flask once a day.

After 14 days make the chlorophyli a measurements according

to appendix 2.

d. The effect of different kiads of wastc wacers und other compounds

in wveceiving waters,

Filter a volume of 1000 mi of rcceiving water through a Whatman

GF/C glassfibre filter.

Make f. cox. the following dilvtien series with receiving water

and waste water or compountt in question into 250 ml  conical

flasks
F'1ask
1 z 3 4 5 6 7 8
receiving water, ml - 25 50 75 90 95 59 100
waste water, m1~‘ 100 75 50 25_ 0 5 1 -
final volum2, ml 100 100 100 100 100 1D 100 100

?

Transfer cne drop of two weeks oid stonk cvlivre of algae
aseptically (not to contaminate the stock calture} into the

flasks.

Cover the flasks with 100 1 beakers.

Set the flasks onto the jliumination table,
Shake the flasks once a day.

After 14 days make the chlorophyll a measurements according to

appendix 2,
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6. CALCULATION

Calculation of the results are made accosding to appendix 2,

7.  ADVISORY INFORMATTON
Nationul Eutvophication Rescarch Progiuws.c, 1971
Algal Assay Procedure, Bottle test. - Environmental

Protcction Agency, August 1971, 1 - 82,

Nordforsk, 1973 : Algal Assays in Water Pollution Research. -
Nordforsk, Secrctariat of Envivonmental Sciences,
Publication 1973, 2, 1 - 128,

Nordforsk, 1975 : Jamforelse av algtestuctodik.- Nordforsk,

Miljdvardssekretariatet, Publikation 1975, 4, 1 - 20,
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PREPARATION OF STOCK CULTURE SOIUTION, Z 8§ 100%

>

COMPOSTTION OF THE NUTRIENT SOLUTION

NaNO3 467,0 ng/1 N 83,90 mg/1
Cu(N03)2 . 4H20 59,0 " K 13,90 v
K2HPO4 31,0 v Ca 10,00
MgSO4 . 7H20 25,0 p 5,51 "
Na2C03 21,z v S 3,21 ¢
FeCl3 . 6H20 2,8 v Mg 2,46 v
Komplexon IIT 3,7 v Fe 0,58 »
Trace metals Sce note 2.4,

CHEMICALS AND CONCENFRAVED SOLUTIONS

The chemicals should be "p.a. Merck' or other brands of equivalent

quality,

a, NaNOS:

46,700 g NaNO3 is dissolved in distilled water and diluted to

1000 m}.
(Addition : 10 ml/1).
b. Ca(N03)2 . 4H.0:

2

59,000 g Ca(NOS}2 . 4”20 is dissolved in distilled water and diluted

to 1000 wml, Take 100 ml out of the solution and dilute to 1000 ml,
(Addition : 10 mi/1),

c. KOHPO4 :

31,000 g K2
Take 100 ml out of the solution and dilute to 1000 ml,
(Addition : 10 mi/1).

et R i s SRR EE e T PRSPPI . — PT— N

HPO4 is dissolved in distilled water and diluted to 1000 mil.
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d, MgSO4 . 7H20 :

25,000 g MgSO4 . 7H,0 1s dissolved in distilled water and diluted to
1000 m1. Take 100 m! out of the solution and dilute to 1000 ml.
(Addition : 10 nl/1).

[¢)

Na2CO3 :

21,200 g (without water of crystalisation) Nu,CO; is dissolved in
distilled water and diluted to 1000 ml. ‘Take 100 ml out of the solu-
tion and dilute to 1000 mi,

(Addition : 10 ml/1).

f, "Fe-komplexon':

i. 2,700 g FeCl,5 . 6”20 is dissolved in 100 ml 0,1 N HCIL.
i1, 3,722 g komplexon III is dissolved ia 100 ml 0,1 N NaOll,

iii, Transfer 10,5 ml of the FeCls-solution to a volumetric
flask. Add approx, 500 ml distilled water and 10,0 ml
komplexon III-soclution. Dilute to 1000 ml with distilled water,
(Addition : 10 ml/1).

g. Trace metal solution (Gaffronj:

i, Weigh out of the following chemicals:

Na,WO, . 2H,0 0,0660 g
(NH,) ( Mo,0,, . 2H,0 0,1760 g
KBr 0,2380 "
KI 0,1660
Zns0, . 7H,0 0,5740
Cd(NOg), . 4H,0 0,3080 "
Co(NO5), . Gi1,0 0,2920
CusO, . SH,0 0,2500 *
NSO, (NH ) ,S0, . 6H,0 0,3960 "
Cr (NOg); . 7H,0 0,0740
AL, (S0,) 5K,80, . 24110 0,9480

The chemicals are dissolved in distilled water and diluted to 5000 ml,



ST

ii,  Weigh out the following chemicals:

0,0447 g

The chemical ts dissolved in distillicd water and diluted to
1000 mi .

iii. Take u,Bog(S,IOO ) . Dissolve in iu0 wl distilled water (will

2
roguire heating) | add MaSO, (2,230 g) and dilute to 1000 ml,
iv, Take 250 ml out or the 2.g.i. solution, Trinsfer to a 1000 ml
volunetric flask, Add approx. 500 mi distiiled water.
Thereafter audd 20 ml of the 2.,g.ii. solution und 100 ml of the
Z.p.dit o solution and dilute te 1000 ml,

(addition @ 0,8 ml/1).

h. €O, -satarated water

Take approx, 10 I distilled water, Bubble with CO,-gas- 2 hours
If CO,-saturated water has beon standing more than 6 hours it wust
be bubbled again with Coz-gnﬁ,

{(Addition : 30 ml/l} .

3. COMPOSITION
a. Take a 1000 wml volumetric flask, fill to cu. half the volume with
distilled wuter and add 30 mi/1 €O, -saturated water (2.h).Then add
from 2,a., 2.b.,, Z.c., 2.d,, 2.e., 2.£. solutions 10 ml/1, and from

2.g.iv. is added 0,8 ml/1. ¥Fill to the mark with distilled water,
b. Measure pH, The solution shall have a pil of 6-7,

Tt is decirvable that the solution is autoclaved at once,

4, AUTOCLAVIMNG
Autoclave for 15 minutes at 15 pounds, After avtoclaving the solution
should be coclud to roow temporature, This should take place as soon

as possible, prefevably by plucing the flask in a cold water bath,

< e — e e e -
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The pit should lie hetween 7 and 8 and the conductivity around

V- . ~C
830 microwboszem (Z27CY.
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APPERBIXN

a
- CHEOROPHY LL o METIION
"
. ERTRODUCT LON
When messuring chlorophyll a concentration in natural waters we
are also getting a relutive figure of the shytoplankton concentration,
ihtoroehyll is extvacted into Y00 accton,  The optical density is measured
by & spectrophotomster with wave lengths ncar to the abeorprion maximum
Cor chidoropiyll w, bodad ¢ (0065, 045 und (30 am) . Corvection for particu-
rate matter and others is made with o higher wave fength (756 nm) , where
abscerption of chlorophyil is at its miniwal.
APPARATUS
nlasstibre Yilters Whotwman Go/(
Filtering apouratus
domogenisator with ceflon tip (tissue grinder)
. Centvifuge
Giaded conerifare wbes (0-10 ny)
.
’ Spectrophotometer vith 1 oom cyvettes
3. RPFACENTS
Mg(f()j “ S By .’\ig;(JO3 in 100 m) distilled ”;’_O
Agsggg_agi v 100 wi 1,0 is poured in a 1000 mi volumciric flask.
Fiil up to the maork with aceton p.a. To be stored in
aark flask.
4. MEASUREMENT
1f filtering cannot be made stratght after the sample has been taken,
the sample must be kept ir dark and cool plac:. 2 ml 1% MgC03/1 is added
to stabiiize pH, At low pit values chlorophyil will change inte phacophytin,
a. A useful volume of sample 1s filtered on the glassfibre filter.
.
h. Filter is folded plankton inside, dried and stored in a desiccator,
v if the sample cannet be extracted divectly qfter the filtration,

They cannot be stored for more thon three wecks,

¢. Filter is folded again and clipped to stripes into the homogenisator tube,


http://0-.lt
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o,

(I

Chlorophvll a, mg/ma =(li.0 % b

4wl 0% acecton is pipetred into the tube

Put the teflon tip of the homopenisator into the tube and start

the motor, If it is difficult to grind the sample filter, the tubc
can be noved vertically a little.

Rinse the teflon tip with 3 ml 90% aceton, which also is poured in
the tube., Pour the contents into a centrifuge tube and closc it
tightly.,

The tube is put in freczer for 24 hours.

Centrifuge the tube for ten minutes with a speed of 3000 rpm,

Measure the absorbance in 1 cm cyvette with 630, 645, 665 and 750 nm,

90% aceton is uscd as refereoace,

CALCULATION

.14 = b 1,31

605 630 % Pogs)
= reading of spectrophotometer with respective wave lengths when
the reading of 750 aim 1s subtyucted,

volume of the extract (ml)

fi

1}

length of the cyvette (cm)

volume of filtered water (1)

4]
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