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Development of coal gasification plants in the United 
States for the generation of electrical power (SPENCER et al. 
1982) may increase the probability of accidental spills of 
coal-derived phenols and monohydric cresol isomers into streams 
and rivers. Although Europe has experienced several accidental 
spills from coal fired electrical plants and phenol producing 
plants (ALABASTER et al. 1973), more information is needed as 
to biological effects of cresols in aquatic ecosystems. This 
paper presents data on physiological effects of a phenol 
derivative, p-cresol, on physiological rates of a major biotic 
component, Spirogyra sp., in many slow-moving, low gradient 
streams in the United States. 

Prior to the present studies, we observed damage to the 
filamentous green alga after it had been exposed to p-cresol in 
outdoor experimental stream channels at the Monticello, 
Minnesota E.P.A. Research Laboratories. Along with algal color 
loss, severe drops in dissolved oxygen occurred. Because the 
channels are highly autotrophic and are dominated by the 
primary producer, Spirogyra, we designed field experiments in 
1980 to determine whether its respiratory and/or photosynthetic 
rates were altered by p-cresol at the concentration (8 ppm) 
used in the prolonged dose (48 h). If oxygen production by the 
algae was lowered in the presence of p-cresol, then the damage 
to the algae could have contributed to the observed depression 
of dissolved ozygen (D.O.) in the channel during the continuous 
dose. The following year, additional experiments were 
performed where concentrations of p-cresol were varied in order 
to determine the dosage lethal to the algae. 

MATERIALS AND METHODS 

Site 
A set of open channel experimental streams was built by 

U,S. Environmental Protection Agency (E.P.A.) near Monticello, 
Minnesota in 1973. Four of the channels were modified in 1979 
for closed-system operation by Michigan State University under 
a grant from E.P.A. The resultant two closed-cycle streams 
were each 3.4 km long and 4 m wide, with alternating pools and 
riffles ranging in depth from 0.5 to 1.0 m. Continuous 
monitoring, including p-cresol concentration, dissolved oxygen, 
pH, temperature, velocity, depth and solar radiation, was done 
along the stream channels. From 9 August (at I000 h) of 1980, 
one channel was continously dosed with 8 ppm 99+% pure p-cresol 
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p-cresol (Aldrich Chemical Co.) for 48 h. Results of that 
dosing led us to perform two types of experiments. 

Experimental procedures, 1980 
Water was collected from the undosed channel and 

vacuum-filtered with an 0.8 micron 44 mm diameter membrane 
filter. Spirogyra sp. was taken from the undosed channel and 
rinsed several times with filtered stream water to remove 
aquatic invertebrates. Several strands were added to a 25 mL 
graduated cylinder until 5 mL of water was displaced (about 15 
mg DW). Then, filtered water and the alga were added to a 300 
mL B.O.D. bottle. This was repeated for a total of four 
replicate light and two replicate dark bottles. Bottles were 
placed in the previously dosed channel 2 h after which time 
they were brought back to the laboratory and dissolved oxygen 
values were determined by the azide modification of the Winkler 
method (HITCHMAN 1978). (Initial dissolved oxygen values were 
determined from randomly sampled bottles for each treatment 
just prior to each field experiment. Three subsamples bottle 
from each bottle were titrated and the average value recorded. 
Then algae at the bottom of the bottles were filtered, dried at 
100C overnight and weighed to the nearest 0.i mg. In the 
experiments where p-cresol was added to some of the bottles, 
freshly prepared p-cresol at a concentration of 8 ppm was made 
up in filtered stream water from the non-dosed channel. In 
that experiraental set, treatments included algae with and 
without p-cresol and filtered, autoclaved water with and 
without p-cresol to separate biological from non-biological 
dissolved oxygen changes by p-cresol. 

Experimental procedures, 1981. 
Dr. Don Mount and Ms. Teresa Norberg of the E.P,A. 

Laboratories at Duluth, Minnesota performed the following 
experiments at the Monticello site: On 15 July they put clumps 
of Spirogyra into each of six wire baskets and put one basket 
each of five concentrations of p-cresol in stream water (71, 
34, 14, 4.6 and 0.9 ppm). Water temperatures throughout the 
experiments ranged from 21.7 to 29.4C. The final basket was 
used as the control for the experiments. The algae was allowed 
to remain in stream water with and without p-cresol for three 
hours; experiments were repeated three times: 0630 to 0930; 
0800 to Ii00 and from 1345 to 1645 h. After three hours, all 
baskets were placed in the control tank. Algae from each 
treatment (3 mL displacement) were put in 250-mL B.O.D. 
bottles and placed directly in the channel for one hour. Light 
intensity was the same for the control as for the experimental 
bottles. Dissolved oxygen concentrations were determined with 
a YSI Model 57 dissolved oxygen meter. 

RESULTS 

In the light bottle - dark bottle experiments, the net 



production of oxygen by Spirogyra ' for control bottles averaged 
0.084 + 0.028 mg 02/mg DW. h (n=18) and the respiration rate 
averaged -.064 _+ 0.026 mg 02/mg DW. h (n=12). When p-cresol 
was in association with Spirogyra in light and dark bottles, 
the net production of oxygen averaged only 0.022 + .091 mg 
02/mg DW. h for the three experiments combined (~=6). The 
respiration rate averaged -0.182 ! 0.116 mg 02/mg DW. h 
(n=6). Figure 1 shows that photosynthetic rates decreased and 
respiration rates increased when the alga was incubated in 
p-cresol containing stream water. The effects of p-cresol on 
oxygen generation were less dramatic for experimental runs the 
afternoon of 25 August and the morning of 26 August�9 Because 
we noticed a temporal lightening of acidified water the morning 
of 25 August, we processed later experimental bottles within 
1.5 h and kept all waiting bottles cool and in the dark. It is 
possible that Organics and iron along with the p-cresol in the 
stream water made the Winkler method temporally less stable. 
Similar lightening of color after acidification was not 
observed for control bottles. 

0,12- 

o 

0 

-0o12- 

-0.24 

Fig. I. 

O 

o. 

''"'I" s -" ..-4b,..,. 

7 DARK 

.0 

/ 
/ 
/ 
/ 

/ DARK + P-C 
I 

I 
I 
I 

'~ t I "  I l -  ! 

23 24 24 25 25 
am am pm am pm pm 

TIME, AUGUST, 1980 

Photosynthetic and respiration rates of SpirOgyra sp. 
with and without p-cresol~ Each point=mean 



Filtered and autoclaved water with and without p-cresol 
showed no differences in D.O. before versus after two hours of 
incubation time in light and dark bottles. Loss in D.O. 
occurred only in the presence of the alga with the p-cresol. 

In the 1981 experiments where concentrations of p-cresol 
varied, D.O. dropped, after one hour's incubation, from a 
control value of 7.0 ppm to 6.2, 6.8, 5.4, 5.2 and 5.6 ppm for 
the following concentrations of p-cresol: 0.9, 4.6, 14, 34 and 
71 ppm. The algae itself had turned brown in all but the 
control and two lowest concentrations of p-cresol containing 
water. Light and dark bottles were not used and photosynthetic 
and respiration estimates were not calculated. 

DISCUSSION 

GIDDINGS et al. (1980) showed that water soluble fractions 
of coal liquification oils (which contained 4% phenols) 
inhibited photosynthesis of the green alga Selenastrum 
capricornutum even at 1% of the full concentration of the oil. 
Oils from petroleum products (a #2 diesel fuel oil and a 
conventional #6 oil) did not affect algal photosynthesis even 
at 10% of the full concentration. The authors suggest that the 
high content of phenolics in the coal-derived test oil was 
likely the toxicologically active ingredient. 

Results of our studies, using one phenolic derivative, are 
compatible with those authors' findings; i.e., p-cresol at low 
concentrations, inhibited photosynthesis and increased algal 
respiration rates. 

The mechanism underlying the physiological alterations in 
the alga is not known. However, there is considerable 
literature on the effect of phenolics on the physiology of 
aquatic plants (ELLIS 1977, KOSTYAEV 1972, BUIKEMA et al. 
1979). It is known, for example, tht dinitrophenol uncouples 
photosynthesis from respiration, ultimately causing cellular 
death (BRONK 1973). HAUNG & GLOYNA (1967) snowed that growth 
rates of Chlorella pyrenoidosa can be inhibited in the presence 
of p-cresol when the toxicant is at concentrations greater than 
50 ppm, and CHAMBERS et al. (1963)showed that phenol and its 
three isomers, m-, o- and p-cresol had produced the highest 
oxygen uptake rates of 10 aromatic compounds tested for 
degradation rates by phenol-adapted bacteria. 

Although these experiments did show that oxygen production 
by the major autotroph in the aquatic system was substantially 
reduced in the presence of p-cresol, the correlation between 
algal stress and lowered D.O. in the outdoor channel after 
being continuously dosed with p-cresol for 48 h (See COOPER & 
STOUT 1982 for complete desription) cannot be linked to any 
causal factors intrinsic to the alga itself. We suggest, 
however, that any monitoring system where phenolics are 
potential aquatic toxicants should include dissolved oxygen 
analyses, as sudden drops in dissolved oxygen can have 
cascading effects on the entire aquatic ecosystem even when the 
original pollutant itself is only slightly toxic. 
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