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PREFACE

Aroclors 1221 and 1242 were provided by W. B. Papageorge of Monsanto

• Industrial Chemical Company. This paper was taken in part from a thesis sub-

mitted to American University by W. G. E. in partial fulfillment of the require-

ments for the Master of Science degree.
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INTRODUCTION

Polychlorinated bipheny ls (PCBs) are toxi c , persistent , and widespread

in the environment . 12 PCBs and DDE (1, l-dichloro-2 ,2-bi s(p-chlorophenyl)-

ethane) together may he the most abundant of the chlorinated hydrocarbons in

the global ecosystem. 13

Commercially manufactured mixtures of PCBs are known as Aroclors

(Aroclor is a trademark of Monsanto Industrial Chemical Company) and are

classified according to percent chlorine by weight. Aroclor designation con-

sists of four digits (e.g. , Aroclor 1221). The first two di gits denote the bi-

pheny l molecule , the last two the percent chlorine (e. g., 21 percent). These

compounds are relatively inert , have low water solubilities , and are lipophilic. ~

Recent investigations indicate the need for more information on the effects

of PCBs on the lower trophic levels of freshwater and marine ecosystems. A

brief summary of these investigations is as follows. In a heterogeneous marine

phytoplankton community the total radiocarbon uptake was reduced by 50 percent

at 6.5 ppb of Aroclor 1242 , 15 ppb of Aroclor 1254, or 35 ppb of DDT after 24

hours exposure. ~ However , the rate of photosynthesis per cell , as measured

by radiocarbon uptake , was shown to be unaffected in marine phytoplankton at

10 ppb of Aroclor 1254 and 50 ppb of DDT. The growth rates of two species of

marine diatoms were reduced by exposure to Aroclor 1254 at 10 ppb for 1

week. 10 These investigators also found PCBs to be more toxic than DDT to

diatoms. Also , Aroclor 1254 in concentrations up to 100 ppb did not inhibit

growth of Euglena gracili s, a freshwater flagellate, which suggests that E.

gracilis is more resistant to PCBs than marine phytoplankton species.

Aroclor 1254 or DDT in concentrations up to 100 ppb added to mixed cul-

tures of a marine diatom and a marine alga resulted in the loss of dominance by

the diatom ,11 suggesting that natural species relationships can be disrupted by

these chlorinated hydrocarbons. Aroclors 1242 and 1260 reduced growth rate

and cell population size after 96 hours in cultures of an estuarine ciliate at 1 ppm.

15
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Aroclor 1254 caused a reduction in these parameters at 1 ppb. Accumul at ion

of the Aroclors in the ciliate was greater with increased chlorination of the

Aroclor.

RNA levels were reduced by 63 percent and chlorophyll index was re-

duced by MO percent in a marine diatom after 2 weeks exposure to 0. 1 ppm of

Aroclor 1242. ‘
~ Accumulation of this Aroclor was up to 1000 times the level in

the culture medium.

The objective s of this study were to determine levels of Aroclor toxicity

to Eug lena gracilis, a representative freshwater phytoplankton species. Cell

popula tion growth , carbon fi xation , chlorophy ll level , oxyge n consumption , and

protein and nucleic acid synthesis were examined in order to define the meta-

bolic site of toxici ty of Aroclor 1221.

METHODS AND MATERIALS

Cell culture. Cultures of Euglena gracilis Z (#12716 , The American Type

Culture Collection , Rockvi lle , Mary land15) were axenically maintained in

Hutner ’s medium (ATCC 1974) with 1 percent glucose at 25° ± 1°C under fluo-

rescent ligh t of approxi mately 1000 foot-candles with a light-dark cycle of 14-

10 hours. Thirty-mill i l i ter  volumes of medium were cultured in 125 ml neph-

elometer flasks. Side arms of the flasks wcre inserted into a B&L Spectronic
20 (Bausch and Lomb , Rochester , New York) to read the optical density at 750

nm (0D750) as a measure of cell population density. ~

Cell population growth inhibition. Cultures were adjusted to io~ cells ‘ml

and after 24 hours incubation as described above were exposed to initial dose
levels in the medium of 0 (solvent control), 2.5 , 5. 0, 7.5 , and 10 ppm of Aro-

clor 1221 (Monsanto Industrial Chemical Company , St. Louis , Missouri). Di-

methylsulfoxide (DMSO) (Fisher Chemical Company , Fairlawn , New Jersey)

was used as the solvent for dilution and delivery of the Aroclor , at less than 0. 1

percent (v/v) in all experiments. Controls without DMSO were also compared

for growth with solvent controls. After 48 hours exposure to the Aroclor , OD750

6 



readings were taken and th e percent inhibi t io n of growth when compared with
solvent controls was determined for each dose level. The same procedure was

used for Aroclor 1232 (Analabs , North Ha ven , Connecticut) at dose levels of 0 ,
20, 35, 50, and 100 ppm. Three separate replications for each Aroclor were

carried out with three flasks per replicate at each dose level. The ID50 ‘48
(tha t dose level which results in a 50 percent inhibition of cell population growth

after 4’~ hours exposure) was estimated for each Aroclor from the log-probit

dose-response curve.

Carbon fixation. Cultures grown for 24 hours from io~ cells/mi were ex-

posed to 4.4 ppm (the ID 50,,48) of Aroclor 1221 in DMSO. Control cultures re-

ceived DMSO alone. After 4-M hours , 0D750 readings were taken of control and

• treated cultures , and [‘4 c] -bicarbonate (New England Nuclear Corporation ,

Boston , Massachusetts) was added to each flask at 17 nCi/ml and incubated for

• 1 hour under light at 25°C. Cells from 5 ml of each culture were collected by

vacuum filtration (#GA-6 , Metricel 0.45 ~m membrane filter , Gelman Instru-

ment Company , Ann Arbor , Michi gan). Each filter was washed with 10 ml of

fresl-I cul ture medium and placed in a scintillation vial. After dry ing the f i lter
overnight at room temperature , 5 ml of Concentrol scintillati’,n fluor (Yorktown

Research , Hyde Park , New York) were added , and radioactivity measured with

a Nuclear-Chicago Mark-il liquid scintillation spectrometer. Results were ex-

pressed as counts per minute (CPM) di vided by 0D750.

Oxyge n consumption. After 48 hours PCB exposure , 30 ml volumes of

control and treated cultures were centrifuged at 600 x g for 10 mm , and re-

suspended in 3 ml of culture medium. Cell density of each sample was deter-

mined with a Model B Coulter counter (Coulter Electronics , Hialeah , Florida) .

The rate of oxygen consumption was determined after 5 mm equilibration with

air at 25°C with a YSI Model 53 oxygen polarograph (Yellow Springs Instrument

Company , Yellow Springs , Ohio). Values were expressed as M-atoms 02 /106

cells ‘h.

7
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Chlorophyll level. F i v e - m i l l i l i t e r  a l iquots  of ccli suspension from cul-

tures  expOSed for 4~’ hours were taken from treated (4 .4  ppm Aroclor 1221)

and control cultures and cells collected on filters as described above. Chloro-

phyll was extracted for 24 hours in stoppered test tubes with 10 ml Fisher Spec-

tranalyzed acetone. After centrifuging, the absorhan ce of the acetone extract

was read at (~~5 nm in a b&L Spectronic 20. Chlorophyll absorhance (Ch A665 )

values were divided by the 0D750 of the 4~—hour cultures in order to correct

for population densi ty .

Protein and nucleic acid synthesis.  After  4~ hours PCB exposure , 5-mi

aliquots were taken from treated and control cultures and placed in l0-ml

Erlenmeyer flasks. One-tenth milliliter [3H~-L-leucine (New England Nuclear

Corporation) was added to each flask at 0.2 uCi/mi and incubated for 1 hour at

25°C. Uptake of [3l1~ -1eucine was measured by collect ing cells on f i lters and

washing with an equal volume of culture medium before scintillation counting.

To measure [3H~-leucine incorporation after 2 hours incubation , 5 ml of 10

per cent tr ichioroacet ic ac id (TCA ) (F i she r Chem ical Company ) were added to

the flasks. After 5 mm the protein precipitate was collected on filters and

washed with 10 m l of 5 percent TCA. Filters were dried and radioactivity de-

term i ned as descr ibed above. CPM values were divided by the population den-

sity (cells /mi). The same procedure was followed with r 3H -thymidine and
3HI~-uridine at 0.2 ~iCi ‘ml in order to measure uptake and incorporation into

DNA and RNA respectively.

RESULTS

Cell population growth inhibition. After .48 hours exposure, DMSO i n the

concentrations used (� 0. 1 percent) had a minimal effect on cell population

growth of E. gracili s. The ID50~48 for Aroclor 1221 was estimated to be 4.4

ppm (Figure 1) and 55 ppm for Aroclor 1232 (Figure 2).

There was no inhibition of cell population growth when using Aroclor 1242

in concentrations up to 100 ppm. It was not possible to solubilize Aroclor 1242

8

~
f 

-~~~~~~~



‘ I 

. _______.—.- _--~~.--—,-. ~~-‘~~-----~----_—--- • •~ •1I~~

100 - 

-

90 -

z

Figure 1.
• - 

~
- Estimation of ID50’4~ to Euglena grac ili s

of Aroclor 1221
Z~~ 60 -

~~~~1

1050/48 4.4Ppm

0 I 1 1 1
2.5 5.0 7.5 10

DOSE (ppm)

70 -

~~6 0 -

0 Figure 2.
= 55 ppm Estimation of ID50148 to Euglena gracili s

of Aroclor 1232
—

Z a - J v~~~ IUJO

• UJ _j LU - I
a- lu I

U I

~~ l 0 -

0 ’  i i i  I
20 35 50 100

DOSE (ppm)

9

_______________________________________



— ,~~~~~r. ‘1~~~~ .. - ~~~ -~~

in the aqueous culture medium , using DMSO as solvent , to a level which would

reduce growth by 50 percent.

Carbon fixation ,  chlorophyll level, and oxygen consumption. The rate of

carbon fixation in control cultures was 71.7 ± 7. 1 CPM x 102 
~OD750 (mean ±

S. E.) .  For cultures treated with 4.4 ppm Aroclor 1221 , the value was 45.9

± 4.3 , an inhibition of 36. 1 percent (Figure 3). Chlorophyll level for control

cultures was 1. 3~ ± 0. 05 Ch A665 /0D750 and for treated cultures was 0. 72

~
- 0. 01, an inhibition of 43. 2 percent (Figure 4) . Differences between control

and treated cultures for carbon fixation and chlorophy ll level were highly sig-

nificant (p~~O.O l) . There was no significant difference in oxygen consumption

between control and Aroclor treated cells (Figure 5). Values were 0. 89 and

0.90 u—atoms 02/106 cells/h for control and treated cultures, respecti vely.

Protein and nucleic acid synthesis. Uptake by control cultures of I 3H] -

leucine after 48 hours was 48.2 ± 12.3 CPM/105 cells; for treated cultures

99. 4 ± 6. 8. This was a twofold increase over control. Incorporation of

I-
~ 100 —z
ILla

CONTROL4 an - T CONTROL
I—. I
a-
0

60 - T REATED a
a. -‘T u 1.0 - TREATED

~~~40 .1~
ILl 0 

_ _ _ _ _ _ _ _I-
• U3 ~~~~ — 4

_  I8 0  . 4 0

Figure 3. Carbon fixation in control Figure 4. Chlorophyll levels in con-
and Aroclor 1221 treated (4.4 ppm) trol and Aroclor 1221 treated (4.4
cultures after 48 hours ppm) cultures after 48 hours
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Figure 5.
Oxygen consumption in control and
Aroclor 1221 treated (4.4 ppm) cul-

.o 0.5 - tures after 48 hours

(‘4
0

0I.-
.4

[3H] —leu cine showed no difference between control (75.3 ± 3.2)  and treated

(78.3 ± 4. 8) cultures (Figure 6).

100 -

-J
-J
ILl 

____U T i

____
CONTROL

U 5 0 -  T I  ETITREATED

UPTAKE INCORPORAT ION

Figure 6. Uptake and incorporation of [3H] -leucine in control
and Aroclor 1221 treated (4.4 ppm) cultures after
48 hours

Uptake of I 3H] -thymidine in treated cultures was reduced by 27. 4 percent

to 19. 3 ± 1.9 CPM/ 105 cells , relative to that of control (26.6 ± 3.0). Thi s dif-

ference was not significant (p� 0.05) . There was no difference in f 3H]-

11

~~Ih_ — • —.- --• • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
— - • - •

~~~~~~
.-— - --

~
- -



— ‘-~ • . . ~—,~~~~ ——~~-—— -— --- • —.—————‘-— —
~~ 

• --

thymidine i ncorpora ti on (20. 1 ~ 1.4 and 20. 8 ± 1.7 CPM/105 cells for controls
and treated , respectively) as shown in Figure 7.

-J
-J
UJ 30 -

1~
;2 0 -  I I CONTROL

~ 

i: 
___________ 

~~JTREATED

UPTAKE INCORPORATION

Figure 7. Uptake and incorporation of [3H] -thymidine in control
and Aroclor 1221 treated (4. 4 ppm) cultures after 48
hours

• Uptake of t3Hl-uridine was significantly decreased (51.3 percent inhibi-

tion) in treated cultures (p� 0. 01). Values were 17.3 ± 2.7 CPM/ 105 cells in
control and 8.42 ± 1. 0 in treated cultures. There was no significant difference
(p�O. 05) i n [3 1fl -uridine incorporation (81.0 ± 6.1 and 71. 0 ± 12.7) as shown

• in Figure 8.

s6)
20 -

CONTROL
- 

—
~~~~~~~~ JTREATED

UI

z

‘I,
I-z
0• U - -

UPTAKE INCORPORATION

Figure 8. Uptake and incorporation of I -uridine in control
and Aroclor 1221 treated (4. 4 ppm) cultures after
48 hours
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DISCUSSION

We have determined that the !D50~48 for Aroclor 1221 (4.4 ppm) was less

than that for Aroclor 1232 (55 ppm) , and Aroclor 1242 showed no inhibition of

cell population growth with concentrations up to 100 ppm over 48 hours exposure.

Aroclor 1221 at the ID50 level was found to depress significantly carbon fi xation

and chlorophyll levels , but not to affect oxygen consumption. Uptake of L-

leucine was increased twofold , but incorporation was not affected. Only uridine

uptake was significantly decreased by Aroclor 1221 treatment , whereas uridine

incorporation and thymidine uptake and incorporation were not different from

control values.

With Aroclors 1221, 1232, and 1242 , toxicity to E. gracilis decreased

with increasing percent chlorination of the Aroclors. In marine phytoplankton ,

a lower toxicity was found with 1254 than with 1242. Aroclor 1254, however ,

was found to be more toxic to the ciliate Tetrahymena pyriformis than either

1242 or 1260. 1 In most cases toxicity appears to be inversely related to per-

cent chlorination.

DDT reduced photosynthesis as well as population growth in cultures of

marine phytoplankton. 16 PCBs were shown to be toxi c to communities of marine

phytoplankton, with toxicity measured as inhibition of radiocarbon uptake. A

more recent study determined the rate of photosynthesis per cell in phytoplank-

ton exposed to PCBs and to DDT, and showed no difference between control and

treated cells. ~

It has been suggested that DDT taken up by phytoplankton becomes associ-

ated with the chloroplasts because of the lipophilic properties of the DDT mole-

cule, and because the “hloroplast contains most of the cell lipid during active

cell growth. 2 Aroclor 1242 reduced chlorophyll index in a diatom . ‘~ In this

study, Aroclor 1221 significantly inhibited carbon fixation and reduced chloro-

phyll levels in E. gracilis, after correction for cell population density. Our
• results, and the similarity in structure and properties of the DDT and PCB

molecules , suggest that at the ID50 level , depression of photosynthesis and/or

13

— —-•---• • --• , . --~•- — - . •, •- ~••-—-• --•-— . •- ---—--—-•-••---.•-•.‘•.———- .- .-—--•-• — • .•• . . —~~~~ . . __ . _ • _ -~•_ ~~~•• _• • • .•~
, 

~~~~~ •~__,~~
•.- ..



— 

• • 

~~~~~~~~~~~~~~~~~~ 
• • 

.- , -~•

chlorophyll production is the mechanism of population growth inhibition in E.

gracilis.

The twofold increase in I 3l-fl -leucine uptake in PCB treated cultures over

that of controls may be due to an alteration of the cell membrane permeability

to the amino acid. PCl3s have been shown to bind to membranes and subse-

quent ly to alter membrane organization at these binding sites. 14

RNA levels in a diatom were reduced after 2 weeks exposure to Aroclor

• 1242.~ In this study , [3H]-uridine uptake , but not incorporation , was inhibited

by the ID50 level of Aroclor 1221 after 48 hours. Incorporation may be de-

pressed as well after a longer exposure period than 48 hours.

E. gracilis is more resistant to PCB toxicity than are marine phytoplank-

• ton species, yet it is difficult to compare the relative toxicity of PCBs to E.

gracilis and other phytoplankton because of the varying times of exposure , in i-

tial density of cell cultures at exposure , different Aroclors and different sol-

vents used in the various studies in the literature. These factors should be

standardized for better correlation between investigations. Also , it has been

observed that there is a geographic difference in phytoplankton sensitivity to

PCBs. 6

In conclusion , we have shown that PCBs inhibit cell population growth in

cultures of Euglena gracilis. At 4. 4 ppm, the Aroclor 1221 ID50148 level , re-

duction in cell population growth results from inhibition of photosynthesis and/or

chlorophyll production.

14
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