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High arsenic and PCB concentrations have recently been re- 
ported for Green Bay, Lake Michigan (VEITH 1972, ANDERSON et al. 
1978, HOLM 1979). The source of arsenic has been localized to 
a chemical company producing arsenic herbicides in Marinette, 
Wisconsin. While the production ceased several years ago, the 
arsenic pollution persists because of ground water i n f i l t r a t i on  
of leachates from storage piles of arsenic-containing wastes. 
The sources of PCBs are less well known. The sources are prob- 
ably non-point in nature, and originate in part from local dump- 
ings of PCBs previously used as dielectrics and hydraulic f luids. 

The levels of these contaminants, e.g., up to lO u g As/L 
and 0.45 ug PCB/L could present a hazard to the biota. The 
effect of arsenic and PCB on algae have been studied for each 
of these toxicants acting separately, but not in combination. 
PCB at lO-lO0 ug/L inh ib i t  chlorophyll production and RNA 
synthesis (KEIL et al. 1971, SINCLAIR et al. 1977). On the 
other hand, arsenate at l ~M behaves as an antimetabolite oc- 
cupying sites for phosphate (PLAHAS & HEALEY 1978). Based on 
the different toxic mechanisms for the two compounds, i t  is 
hypothesized that they wi l l  show independent jo in t  action 
(FINNEY 1971), i . e . ,  that they wi l l  not form a particular toxic 
combination. The purpose of this study was to establish toxic 
thresholds and possible interactive effects of arsenic and a 
PCB (Aroclor 1248) for the green alga Chlamydomonas isolated 
from Lake Michigan. 

MATERIALS AND METHODS 

A s l ight ly  modified version of the culture medium of 
GUILLARD (1975) was used as growth medium for Chlamydomonas. Major 
nutrients, EDTA, and vitamins were added as specified, aswell 
as al l  trace elements except boron which was added as boric 
acid at a f inal concentration of 0.6 mg/L, a factor ten lower 
than required by the recipe. This lower boron level was chosen 
so as to better corespond to the levels specified in other 
standard media and to concentrations found in natural waters. 

The test alga Chlamydomonas was obtained from the University 
of Michigan Great Lakes and Marine Waters Center at Ann Arbor. 
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The alga was isolated from Lake Michigan by Richard Steinberger. 
The mean diameter was found to be about 4.9 ~m using an elec- 
t ronic  par t ic le  counter. A stock of ac t ive ly  growing 
Chlamydomonas was maintained by weekly transfers to fresh nu- 
t r i e n t  media. 

Algal assays were carried out essent ia l ly  according to the 
EPA procedure: Algal Assays Procedure Bott le Test (U.S. EPA 
1978). The adopted procedure included maintenance of the cul- 
tures at 15~ in incubators with continuous 20 W "cool-white" 
f luorescent l i gh t ing .  Aseptic techniques were applied through- 
out the bioassays. The algae were kept in autoclaved, cotton- 
plugged Erlenmeyer flasks f i l l e d  with I00 mL nut r ient  solut ion.  
The flasks were shaken every 24 hours to maintain the cultures 
in homogeneous suspension. 

F i r s t ,  two screening experiments were conducted to es- 
tab l ish the t o x i c i t y  ranges of the two toxicants using dibasic 
sodium arsenate and PCB (Aroclor 1248). Next, a combination 
experiment was set up based on these ranges. For f o r t i f i c a t i o n s ,  
aqueous solutions of dibasic sodium arsenate were prepared, 
while the PCB was di luted with hexane, acetone, and water, suc- 
cessively.  As an example, the I I I  ~g/L PCB flasks contained 
711 mg acetone/L and 69 mg hexane/L, while the other PCB flasks 
contained proport ionately lower concentrations of hexane and 
acetone. Control f lasks with these solvents, but without PCB, 
were also set up. 

Af ter  f o r t i f i c a t i o n ,  the flasks were inoculated with 5 x 106 
ce l ls /L .  Algal growth was monitored at least once a week for 
about four weeks. Algal population and size d i s t r i bu t i on  were 
measured by means of a Part ic le Data Inc. Electrozone/Cello- 
scope, Model 112 LTH, coupled to a PDP 8 computer and a Tele- 

type terminal. 

Data analysis,  based on maximum standing crop was performed 
at the 95% confidence level using a two-ta i led t - t e s t  for  the 
independent j o i n t  action hypothesis (CHRISTENSEN et al .  1979). 

RESULTS AND DISCUSSION 

The results of the algal assays are plotted in Fig. I .  The 
screening tests (Figs. la, b) with PCB and arsenic added s ingly 
were carried out f i r s t  to establ ish the tox ic  ranges of these 
compounds. Next, the combination experiment (Fig. Ic) was con- 
ducted based on these levels. Interact ions could not be ex- 
cluded outside the tox ic  ranges of the indiv idual  tox icants ,  
but were considered most l i ke l y  to occur there. 

From Fig. la,  PCB depresses growth at concentrations 
between I I  and I I I  ~g/L. This is consistent with the levels 
of I0-I00 pg/L found by KEIL et al .  (1971) to i n h i b i t  chlorophyll 
production and RNA synthesis of a marine diatom (Cylindrotheca 

44 



==
 

I,M
 

I-
 

ra
 

,.
I 

,,,
,I .J
 

Ug
 

U
 

v Z 0 m
 I,-

 
< n.

 
l-

 
z 14

4 

z 0 ~J
 

,.
i 

.,
i 14
1 

u 

10
11

 

10
10

 

1
0

9
 

10
 8

 

10
 7

 

1
0

6
 

(a
) 

P
C

B
, 

~I
 g

/,
,~

 

.0
 

,( 
1.1

 
,1

1 

11
1 

11
10

- 

0 
5 

10
 

15
 

2
0

 
2

5
 

0 

(b
) 

(c
) 

A
s,

 1
.1M

 
.0

 
,~

 0
.1

 
*1

 

~
.t

i_
._

lI
 

5 
10

 
15

 
2

0
 

2
5

 
0 

P
C

B
, 

A
s 

(l~
g/

~#
, 

~M
 

) 

0,
0 

I0
 

,I0
. 

/<
o 

!p 
,1

0 
0 

_.
~ 

11
1,1

 - 

_ 
j 

.m
__

 
I 

I~
1 

1 
L

__
_ 

5 
1

0
 

1
5

 
2

0
 

2
5

 
3

0
 

D
A

Y
S

 

F
ig

. 
1
 

G
ro

w
th

 re
sp

o
n
se

 o
f 

C
hl

am
~d

om
on

as
 f

o
rt

if
ie

d
 

w
it

h
 

(a
) 

PC
B 

(A
ro

cl
o

r 
1
2
4
8
),

 
(b

) 
d

ib
a

si
c 

so
di

um
 a

rs
e
n
a
te

, 
an

d 
(c

) 
th

e
se

 to
xi

ca
n

ts
 

in
 

co
m

b
in

a
tio

n
. 



closterium) and with s imi lar  f indings of SINCLAIR et a l .  (1977) 
who measured the respi rat ion rate of Chlorella vul~ar is .  None 
of the control f lasks with hexane and acetone, but without PCB, 
showed any s ign i f i can t  growth depression due to these solvents. 

From Fig. Ib,  arsenate is i nh ib i t o r y  to growth at a con- 
centration of 1 ~M. By comparison, PLANAS & HEALEY (1978) de- 
monstrated growth i nh ib i t i on  for  f i ve  d i f fe ren t  algae, includ- 
ing Chlamydomonas re i nha rd t i i ,  at arsenate concentration between 
1 and IOOuM. 

The combination experiment conducted with f o r t i f i c a t i o n s  of 
PCB and As was performed at the levels indicated in Fig. Ic .  No 
in teract ive  effects are immediately apparent based on th is  
f igure.  Note that despite the ant isept ic  techniques used 
throughout the experiments, a contaminant organism dominated 
at any concentrations of or above I I I  ~g PCB/L and I00 ~M As, 
added singly or in combination. The organism was un ice l lu la r ,  
c lear,  f lage l la ted,  and s l i g h t l y  longer and narrower than 
Chlamydomonas. The organism may have been present in the 
or i~nal  cultures received from Ann Arbor, Michigan. 

A s t a t i s t i c a l  analysis of data from the combination ex- 
periment is given in Table I .  The hypothesis tested is in-  
dependent j o i n t  act ion,  that is a product model for the com- 
bined y ie ld .  I t  is evident that th is  hypothesis can not be 
disproved at any of the two levels,  since the associated t -  
values are less than 4.30 for a p equal to 0.05. Consequently, 
PCB and As act independently in the above sense, and do there- 
fore not form a par t i cu la r l y  tox ic  combination. Since the 
actual concentrations in Green Bay of these contaiminants are 
less than or equal to about I0 ~g As/L and 0.45 ~g PCB/L i t  
would therefore appear that current levels of  PCB and As pre- 
sent l i t t l e ,  i f  any, hazard to the algae in th is  area. How- 
ever, several factors not considered here could conceivably 
change th is  s i tua t ion .  These factors include: d i f f e ren t i a l  
species s e n s i t i v i t y  to these tox icants ,  geographic differences 
in phytoplankton s e n s i t i v i t y  to PCB (FISHER et a l .  1973), d i f -  
ferences in t o x i c i t y  depending on levels of major nut r ients ,  
and possibly greater upconcentration of PCB and As in the algal 
cel ls under long-term continuous culture condit ions. 
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