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An algaecide/dLgaestat test medium is proposed 
which contains sufficient nutrients for algal growth, 
has the hardness and alkalinity characteristics of 
properly balanced pool water and has an orthophos-
phate level more consistent with typical concentra
tions found in swimming pool waters. The chlorophyte 
alga Chlorella vulgaris was used to test the EC^^ and 
Minimum Inhibitory Concentration (MIC) of ionic sil
ver, copper and zinc in Allen's medium and a pro
posed algal test medium (PATM). Results indicate that 
both the EC^Q and MIC of all three toxicants tested 
were lower in the proposed medium than in Allen's 
medium. 

Introduction 

I n the 195ffs and 196(ys a great deal of work 
was done examining the efficacy of swimming pool 
algaecides under laboratory conditions. The algal 
g rowth medium p r i m a r i l y used was Allen's medium, 
a h i g h phosphate, low hardness medium w i t h no b i 
carbonate a lka l in i ty . This medium bears ht t l e resem
blance to chemicaDy balanced swimming pool water. 
S w i m m i n g pools require sufficient hardness (200-400 
p p m as CaCOg) and a lka l in i ty to prevent damage to 
pool surfaces and equipment. This , coupled w i t h the 
fact t h a t h i g h phosphate levels have been shown to 
decrease the bactericidal and algaecidal efficacy of 
m e t a l ions , suggests the need for an algaecide/ 
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algaestat test medium whi ch more closely approxi
mates the chemistry of pool water. 

The major i ty of published research on swimming 
pool algaecides and algaestats was performed by 
George P. Fitzgerald, a researcher at the Univers i ty 
of Wisconsin. Fitzgerald pubhshed a number of stud
ies invest igating the M i n i m u m Inhib i tory Concentra
t ion (MIC) of silver and copper ions against green a l 
gae (e.g., Chlorella vulgaris, C. pyrenoidosa, etc.) i n 
Allen's medium. Other workers have done s imilar 
studies (see Table 1); few, however, are directly re
lated to the sw imming pool industry . Corral , et a l . , 
after invest igat ing the efficacy of a number of com
mercial algaecides, voiced the need for a synthetic 
approximation of sw imming pool water i n which effi
cacy studies could be conducted. 

M a n y investigations have been made into the 
ECgQ and M I C of various metals of environmental con
cern (e.g., mercury, copper, lead, etc.). Stauber and 
Florence (1989), for example used synthetic soft wa
ter to test the act iv i ty of toxicants against algae i n 
h igh n u t r i e n t media vs. a more n a t u r a l low n u t r i e n t 
medium. The i r goal was to "estabhsh realistic water 
qual ity cr i ter ia" by using a test medium closer i n com
position to n a t u r a l water t h a n to t rad i t i ona l algal 
growth media. The goals of this study are to develop 
an algal test media and protocol which permits a more 
realistic evaluation of sw imming pool algaecides; and 
to compare the M I C and ECg^ of copper, silver and 
zinc against Chlorella vulgaris i n this newly devel
oped media to histor ical and experimental results i n 
other media. 

Table 1 is a summary of investigations which 
have been done regarding the effect of silver, copper 
and zinc ions on Chlorella species. 
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Ag as AgNOs \C. pyrenoidosa jAllen's 10.047 — j Fitzgerald, 1967 
Ag as AgNOs \C. pyrenoidosa jAlien's 10.063-0.094 — lAllen. 1952 
Ag as AgN03 1C. pyrenoidosa 1 Allen's j 0.032-0.063 — IFitzgerald& Faust, 1971 
Cu a^ CuS^ i C. pyrenoidosa 1 Alien's 10.13-0.25 ; Fitzgerald & Faust, 1963 
Cu as CuS04*5H20 \C. pyrenoidosa lEPA i>0.20 iO.02-0.05 i Stauber & Florence, 1989 
Cu as CuS04*5H20 \C. pyrenoidosa jSoft Water 10.10 iO.01-0.02 1 Stauber & Florence, 1989 

Cu as CuS04*5H20 \C. vuigaiis jBristol's l>0.30 10.10-0.20* l Young & Usk , 1972 
Cu as CuS04*5H20 | a vuigaris 1 Bristol's i>0.32 iO.18 1 Rosko & Rachlin, 1977 
2n as ZnS04 \C. vuigaris jBristol's l2T'~^^ j Rachlin & Fanran, 1974 
Zn as ZnCI \C. vulgaris jChu#l6 j>65 i>65 iRai, et. al., 1981 
Zn as ZnCI |C. vuigaris ! Bristol's j>7.5 15.1 1 Rosko & Rachlin, 1977 

Table 1 - Summary of Investigations Regarding the Effect of 
Silver, Copper and Zinc Ions on Chlorella Species 

Materials and Methods 

Algal Cultures 

The algae cu l ture used i n this study was Chlo
rella vulgaris (Carolina Biological Supply). This cul 
ture was mainta ined on a proteose agar slant. S u b 
cultures for algal assays were grown i n 250 m l Er l en -
meyer flasks containing 100 m l of the growth media 
i n which the assay was to be carried out. A l l growth 
media were f i l t e r ster i l ized using 0.45|iim cellulose 
acetate f i l ters . Sub-cul tures were incubated on an 
orbital shaker (150 r p m ) under 200ft-candles of i l l u 
minat ion at 25± 3° C. Shaking and i l l u m i n a t i o n were 
continuous. 

A l g a l sub-cultures were incubated between six 
and seven days before use i n assays. Cell density was 
measured microscopically us ing a haemocytometer. 

Algal Assays 

Two different media were ut i l i zed for each as
say. 

(1) Al len 's M e d i u m ( I n I L of Type 1 reagent 
grade w a t e r : 329 m g K^HPO^^SHgO; 66 m g 
CaCl2.2H20; 50 m g N H ^ C l ; 1 g NaNOg) 513 m g 
M g S O ^ J H p ; 5 m g FeClg^OHp.) 

(2) Proposed A l g a l Test M e d i u m an I L of Type 
1 reagent grade water : 294 m g CaCl2.2H20; 246 m g 
M g S O ^ J H p ; 37 m g KC1;1.18 m g K^HPO^.SHp; 61 
mg NaNOgi 137 m g NaHCOg; 0.145 m g FeClg .6Hp; 
0.360 m g M n C l 2 . 4 H p . ) 

A l l assays were carried out i n 50 m l borosihcate 
glass Erlenmeyer flasks containing 25 m l of sterile 
medium (f i l ter sterilized using 0.45pm cellulose ac
etate f i lters) . A l l glassware was acid washed before 
use i n a 1:1 HNOg bath, r insed four times w i t h Type 
1 reagent grade water and steril ized i n an autoclave 
at 12FC and 15 psi. Addit ion of metals was made w i t h 
AgNOg, C u S 0 / 5 H p and Z n S 0 4 - 7 H p stock solu
tions which were filter steril ized using 0.45pm PTFE 
f i l ters . Addit ions of algal inoculum were made asep-
ticaUy to give a f i n a l ceU density i n each flask of 3x10^ 
cells/ml. Opt ica l absorbance at 600 n m was pr ior to 
incubation at 25± 3°C on an orb i ta l shaker (150 rpm) 
under 200 ft -candles of i l l u m i n a t i o n . G r o w t h was 
measured after four days of incubation by optical ab
sorbance at 600 n m . Specific growth rate (p) was cal
culated according to the f o l l owing equation (from 
Standard Methods for the Examinat ion of Water and 
Wastewater 8111 G, 19^ edition): 

Specific Growth Rate(p) = t^-t^ [=] d"^ 

where: 

Xg = Absorbance at 600 n m at end of selected t ime 
interva l , 

X j = Absorbance at 600 n m at beginning of selected 
t ime i n t e r v a l , and 

tg - t j = elapsed t ime between selected intervals , d. 

Specific growth rates of test flasks were com
pared to the specific growth rate of a control flask 
(medium only, no toxicants) to determine the % i n h i 
b i t ion of g rowth as follows: 
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% i n h i b i t i o n of growth = 
(Specific Growth Ratej^g^j^ 

[1 - (Specific G r o w t h Rate)^^,,^, ] x 100. 

Determination ofEC^^ 

Three meta l ion concentrations were chosen and 
tested for each of the metals Ag, Cu and Zn. These 
concentrations were based on p r e l i m i n a r y experi
ments w h i c h gave an indication of the ECg^ and M I C 
values for each toxicant. Percent inh ib i t i on of growth 
was plotted against a logarithmic scale of toxicant con
centrat ion. L inear regression was used to generate 
an equation to describe the s tra ight l ine which best 
f i t the data. To determine the EC^, a "y" value of 50 
("y" being the variable describing percent inhib i t i on 
of growth) was inserted and the equation solved for 
"x" (the variable describing toxicant concentration). 
To determine M I C , a "y" value of 100 was inserted 
and the equation solved for "x". 

Results 

The effect of different media on the inhib i tory 
effect of silver, copper and zinc ions against C. vulgaris 
is shown i n Table 2. For each of the metals tested the 
estimated EC^ and M I C i n AUen's medium was sig
n i f i cant ly h igher t h a n t h a t i n the proposed medium. 
The greatest difference was seen i n comparing the 
effect of copper ions i n the two media. I n this instance 
i t took almost 6 times as much copper i n the Allen's 
med ium as i n the proposed medium to i n h i b i t 50% of 
a lgal growth . The M I C of copper i n Allen's medium 
was more t h a n 10 times t h a t of the M I C i n P A T M . 
S i m i l a r trends were seen for both zinc and silver. 
These trends are shown graphical ly i n Figures 1-3. 

Discussion 

Stauber and Florence (1989) concluded that the 
use of f u l l n u t r i e n t media i n algal toxicity assays could 
lead to inaccurate EC^ values for metal contaminants. 
They felt t h a t the inclusion of complexing agents such 
as E D T A and i ron i n the test media reduced the tox
ic ity of metals to algae. Chambers et a l (1960) found 
that h igh phosphate concentrations (63 ppm) inter
fered w i t h the bacteric idal action of silver. Other 
workers (Zevenhuizen, et a l 1979 and Landeen, et al , 
1989) saw a s imi lar reduction i n the act ivity of cop
per w i t h phosphates present. Phosphate is known to 
have meta l complexing properties. Being that Allen's 
medium contains 250 t imes more phosphate than 
P A T M (125 ppm as compared to 0.5 ppm respectively), 
this could have reduced the toxicity of a l l three met
als tested towards C. vulgaris. 

The rationale behind reducing the concentration 
of phosphate i n the proposed medium was to more 
accurately reflect concentrations commonly found i n 
swimming pool water. Other constituents found i n 
algal growth media (e.g., nitrates , sulfates, chloride) 
were adjusted to approximate the source water used 
to fin sw imming pools (McGowan, 1988). Typical cal
c ium hardness and a lka l in i ty requirements for pools 
consistent w i t h guidelines proposed by the Nat ional 
Pool and Spa I n s t i t u t e (1997) were also taken into 
account when f o rmula t ing the proposed medium. A 
comparison of the major constituents of AUen's me
d ium and P A T M is given i n Table 3. 

The composition of P A T M proved to be adequate 
to support growth over the short t e rm (the four day 
per iod of the assay). The average specific growth 
rate(p) of P A T M controls was 0.278, as compared to 
AUen's controls where the average specific growth rate 
was 0.447. These data show that whi le AUen's me-

A l g a l G r o w t h M e d i a E C , , ( p p m ) M I C (ppm) 

A g P A T M 0.007 0.018 
AUen's 0.019 0.122 

C u P A T M 0.020 0.042 
AUen's 0.120 0.450 

Z n P A T M 0.402 6.0 
AUen's 1.8 30.0 

Table 2 - Comparison of E C j ^ and MIC of Metals 
in Allen's Medium and PATM 
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Figure 1 - Percent Inhibition of Growth of C. 
vulgaris vs. Copper Ion Concentration 
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Figure 2 - Percent Inhibition of Growth of C. 
vulgaris vs. Silver Ion Concentration 

dium supports more robust g r o w t h over the short 
term, P A T M is more t h a n adequate for use i n the 
four day toxic ity test employed i n th is study. 

Conclusions 

I n developing algaecidal compounds and systems 

for use i n s w i m m i n g pools, i t is 
impor tant to s t r ike a balance 
between s imulat ing r e a l w o r l d 
conditions and m a i n t a i n i n g the 
c o n t r o l of l abora tory exper i 
ments. Controlled experiments 
are necessary for m e a n i n g f u l 
data, but i f the conditions are 
far removed f rom those of t y p i 
cal pool water chemistries the 
data may be mis leading w i t h 
regard to the efficacy of the f i 
n a l product. For example, when 
tests are done i n Al len 's me
d i u m , an estimated M I C for s i l 
ver ions of 0.122 p p m is ob
tained. I f th i s h i g h a level is 
deemed necessary to i n h i b i t the 
growth of green algae, a com
m o n p r o b l e m i n s w i m m i n g 
pools, silver could be r u l e d out 
as a pract ical choice. The M I C 
test results f r om P A T M , how
ever, indicate t h a t a si lver ion 
concentration of approximately 
0.02 ppm w o u l d be effective at 
i n h i b i t i n g t h e g r o w t h of C. 
vulgaris. 

The results regarding cop
per ions and the i r effectiveness 
against green algae also raise 
questions concerning conclu
sions reached f rom h i s to r i ca l 
experimental data. T r a d i t i o n 
al ly i t was believed t h a t copper 
levels of 0.5 - 1 . 0 ppm were nec
essary for effective contro l of 
algae. Recommended dosages of 
commercially available copper 
based algaecides prov ide for 
copper concentrations i n th is 
range. The estimated M I C at
ta ined i n th is study f rom the 
use of the h i g h n u t r i e n t Allen's 
med ium (0.45 ppm) w o u l d do 
h t t l e to question the need for 
such h i g h levels of copper. Re
sults f r o m tests w i t h P A T M , 
however, indicate a M I C more 

than ten times lower (0.042 ppm) and may ca l l for a 
reevaluation of the levels of copper required i n swim
m i n g pools to effectively control algae. 

Given the results of th is study, i t is clear t h a t a 
distinction must be d r a w n between algaecidal test
ing done i n h igh n u t r i e n t media, bearing h t t l e re
semblance to swimming pool water, and the results 
of studies which more closely approximate the typi-
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P r o p o s e d A l g a l T e s t M e d i u m A l l e n ' s M e d i u m 

N H , — 17 
N O , 44 730 
P C , 0.5 136 
SO, 96 200 

K 19 114 
Ca 80 18 
M g 24 51 
Fe Trace 1 

M n Trace — 
Bicarbonate A l k a l i n i t y 100 -

Table 3 - Nutrient Levels in PATM and Allen's Media 
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Figure 3 - Percent Inhibition of Growth of 
C. vulgaris vs. Zinc Ion Concentration 
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cal water chemistry found i n pools. Conclusions made 
regarding the effective level of a given algaecide must 
be made i n v iew of the test protocol and medium used. 
Results of tests i n h i g h n u t r i e n t media (e.g., Allen's 
medium) should not be considered the standard by 
which to use an algaecidal chemical. 
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