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ABSTRACT: The relative importance of thermal, mechanical and biocidal stresses to marine 
zooplankton entrained in cooling waters from coastal power-plant operations is dependent on 
specific features of power-plant design and siting. Toxic effects of power-plant operations will vary 
with (1) the degree of mechanical stress induced by pumping velocities of cooling water; (2) the 
physical and chemical interaction of receiving and discharge waters; (3) the dosage of chlorine or 
other biocide added to cooling waters for fouling control; (4) the exposure time to stress conditions 
experienced during passage through condenser conduits and discharge canals~ and (5) the nature of 
receiving waters, affecting the production and availability of the various halogen toxicants formed 
upon chlorination of seawater. Because of these variables, the problem of entrainment-induced 
mortality of zooplankton and the resulting effects on secondary production in receiving waters is 
difficult to assess. A review of laboratory and field studies addressing these problems is presented 
and particular emphasis given to the synergistic effect of multiple stresses. 

INTRODUCTION 

The increased demand  for coastal power  stations has b e e n  complemented  by an  
increased concern over the env i ronmenta l  impact  of p lank ton  en t r a inmen t  in  associated 

cooling waters. Ent ra ined  plankters  may be subjected to thermal,  mechanica l  and  
biocidal  stresses dur ing  their passage through condenser  conduits.  In several  recent  field 
studies, decreased productivi ty of en t ra ined  phytop lank ton  (Morgan & Stross, 1969; 
Hami l ton  et al., 1970; Carpenter  et al., 1972) and  reduced  survival  of en t ra ined  zoo- 
p lank ton  (Carpenter  et al., 1974a~ Davies & Jensen,  1975; Heinle,  1976) have b e e n  
observed and  have resul ted in  concern that power-p lant  en t r a inmen t  and  discharges 
might  alter pr imary  and  secondary product ion in  coastal receiving waters. 

En t ra inmen t - induced  mortali ty of mar ine  zooplankton may be a result  of thermal  
shock due to excessive increases in  AT beyond  the thermal  tolerances of en t ra ined  
species, rapid pressure changes  and  abras ion associated with mechanica l  stress, or the 
biocidal  action of chlorine or other biocides. Current  chlor inat ion practices for foul ing 
control at coastal power  stations vary from cont inuous low-level  appl ica t ion (0.1 mg 1-1 
total res idual  chlorine), commonly  pract iced in  Great  Britain (Beauchamp, 1969), to 
in termit tent  addit ions (2-3 h per  day), commonly  pract iced in  the Uni ted  States (Becket 
& Thatcher,  1973). In  the latter ins tance concentrat ions of chlorine in  discharged cooling 
waters  are in  the range  of 0.05-1.00 mg 1 -~ total res idual  chlorine (Brungs, 1973) and  
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concentrations within this range have been shown to be toxic to serveral species of 
marine zooplankton (Roberts et al., 1975; Capuzzo et al., 1976; Capuzzo, 1979a). 
Evaluating the toxicity of chlorine to marine zooplankton is complicated by the produc- 
tion of several halogen toxicants upon chlorination of seawater. Wong & Davidson (1977) 
confirmed that chlorine is readily replaced by free bromine compounds in seawater with 
low ammonia concentrations. In the presence of high ammonia and/or organic concen- 
trations, significant production of combined halogen compounds as haloamines (Johan- 
nesson, 1958) and organohalogen compounds (Jolley, 1975) may occur. 

The relative importance of thermal, mechanical and biocidal stresses to marine 
zooplankton entrained in cooling waters from coastal power-plant operations will vary 
with specific features of power-plant design, siting and operating procedures. The 
objective of this review is to summarize and evaluate the existing data from field and 
laboratory studies on the impact of coastal power plants on populations of marine 
zooplankton. 

FIELD STUDIES 

Carpenter et al. (1974a) reported copepod mortality of ~ 70 % as a result of entrain- 
ment in the cooling water system of the Millstone Nuclear Power Station, located on 
Long Island Sound (USA). They concluded that the observed mortality was due predo- 
minantly to mechanical damage; the impact of thermal and chlorine stresses could not 
be identified in the absence of mechanical stress. Zooplankters were not immediately 
killed by power-plant passage but died after several days in the effluent ponds adjacent 
to the power plant. The authors estimated that this loss of copepods resulted in a 
reduction of 0.1-0.3 % of the zooplankton production of Long Island Sound. In further 
studies (Carpenter et al., 1974b), no decrease in zooplankton populations could be 
detected in the receiving waters adjacent to the power plant; however, the authors 
concluded that conventional sampling techniques were inadequate in assessing small 
changes in zooplankton abundance. 

Heinle (1976) compared zooplankton entrainment at three fossil-fueled power 
plants in Maryland (USA) and concluded that thermal and mechanical stresses had little 
effect on entrained zooplankton but extensive zooplankton mortality was observed 
during periods of chlorination. In earlier studies by Heinle (1969) at the Chalk Point 
power plant survival of entrained zooplankton was poor when discharge temperatures 
exceeded 30 ~ presumably due to the combined effects of thermal and chlorine 
stresses; however, standing crop and production of Acartia tonsa (the dominant zoo- 
plankter) were somewhat greater during the summer following power-plant operations 
in comparison with pre-operational studies. 

Gentile et al. (1976) in field studies at a power plant located on Narragansett Bay 
observed complete mortality of the copepod Acartia tonsa during periods of chlorination 
(1-3 mg 1-1) but no mortality in the absence of chlorination; other species of copepods 
{e.g., Acartia clausl) were susceptible to thermal stress as well. 

In a similar study Davies & Jensen (1975} suggested that entrainment-induced 
mortality of zooplankton was due to the response of individual species to ambient 
temperatures and AT rise characteristics at specific power plants, in addition to mechan- 
ical and chlorine stresses. When ambient temperatures were high and discharge temper- 
atures did not exceed the thermal tolerance of entrained species, little zooplankton 
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mortality was observed; however, prolonged exposure of both cold and warm acclimated 
zooplankton to a high AT resulted in reduced survival The responses of entrained 
zooplankton to chlorination were varied at different power plants, but might have been 
related to synergistic effects of temperature, exposure time, salinity and water quality of 
receiving waters. Although reduced survival of entrained zooplankton had been 
observed by Davies and Jensen, little reduction in zooplankton populations could be 
detected beyond the mixing zone of the discharged effluent. Youngbluth (1976), how- 
ever, concluded that power-plant operations in a subtropical area resulted in a reduction 
in diversity of the zooplankton community, where Acartia tonsa was the dominant 
zooplankton in a thermal cove receiving discharged effhients. 

To assess the sublethal effects of thermal discharges on zooplankton populations, 
Gaudy (1977) compared the respiratory metabolism of the copepod Acartia daus i  

coUected at the intake and discharge (AT -- 6 ~ of the Martigues-Ponteau power plant 
in the Gulf of Fos, Mediterranean Sea, and adjacent receiving waters affected by the 
heated effluents. Seasonal variations in respiration rates and Q10 were observed, but 
organisms collected from the heated effluents had reduced metabolic rates; copepods 
exposed to a simulated thermal stress showed similar reductions in metabolic rates. 
Gaudy suggested that the reductions in respiration rates of Acartia clausi might offer 
some physiological advantage in compensating the effects of thermal shock but further 
identification of these metabolic responses was needed. 

As part of a three-year research program at the Woods Hole Oceanographic Institu- 
tion to assess the combined effects of temperature and chlorine on marine plankton, 
collections of the copepod Acartia tonsa were made at the intake and discharge of the 
Cape Cod Canal Generating Station on Cape Cod Bay, Massachusetts {USA), and the 
Montaup Generating Station, Narragansett Bay, Massachusetts (USA); respiration rates 
were determined for organisms from the intake samples and compared with organisms 
from the discharge samples taken during periods with and without chlorination. Sam- 
ples of zooplankton were collected using a 316-/tm plankton net and the temperature 
and residual chlorine level of each sample were recorded. Immediately after collection, 
three replicates of twenty individuals of A. tonsa were isolated from each sample and 
placed in 5-ml microrespirometer flasks (Grunbaum et at., 1955) with 4 ml filtered 
seawater. Respiration rates of copepods were measured at 22 ~ at 15-min intervals for 
90 min. The results of these experiments are presented in Table I. 

Copepods coUected in the discharge at the Montaup Plant for the periods May 
through October 1976 and 1977 survived plant passage but showed a significant 
reduction (P < 0.05) in respiration rate compared with organisms collected at the intake; 
no significant difference, however, was observed between organisms collected before 
and during chlorination. Copepods collected during July and August 1976 and 1977 at 
the Cape Cod Canal Plant did not survive plant passage, probably because of the high 
AT of discharge waters. The results of respiration rate measurements of copepods 
collected during September and October 1976 and 1977 were similar to results obtained 
at Montaup. 

Samples collected from both power plants were brought back to the laboratory to 
determine what effect chlorination and plant passage had on the reproductive potential 
of A. tonsa. Three replicates of five pairs of copepods were isolated from each sample 
and placed in 1-1 containers filled with filtered (I/an) seawater and maintained at 20 ~ 
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Table 1. Acartia tonsa. Respiration rates of individuals collected at the intake and discharge of the 
Montaup Generating Station (Narragansett Bau and the Cape Cod Canal Generating Station 
{Cape Cod Bay, USA}. Mean temperatures recorded during June through September at Montaup 
and September through early October at Cape Cod Canal. Total chlorine residual (C12mg1-1) 
measured by amperometric titration {Fischer and Porter Model No. 17T1010). Respiration rates 

measured at 22 ~ (_+ 1 standard error~ N = 15) 

Power plant Sample T ~ C12 mg 1-1 Respiration rate 
(/~1 02 [h �9 100 animals] -1) 

Montaup Intake 22.4 - -  9.2 (0.02) 
Discharge 28.8 - -  3.4 {0.02} 
Discharge + C12 28.8 0.08 3.2 {0.2) 

Cape Cod Canal Intake 17.2 - -  8.4 (0.2} 
Discharge 29.8 - -  3.6 {0.2} 
Discharge + Cl 2 29.8 0.10 3.4 (0.2} 

copepods were fed daily rations of the diatom P h a e o d a c t y l u m  tr icornutum {1 • 104 cells 
m1-1) and  egg product ion was eva lua ted  after 1 week.  Egg-product ion rates of female 
copepods from in take  and  discharge samples  are presented  in  Table  2. A signif icant  
decrease (P < 0.05) in  egg product ion was measured  among  copepods collected in  the 
chlor inated discharge samples  from both power  plants.  No signif icant  difference, how- 
ever, was observed among  copepods collected in  the in take and  non-ch lor ina ted  dis- 

charge samples  from both power  plants.  
A summary  of the various field studies is p resen ted  in  Table  3. As ev idenced  by the 

wide  range  of responses of en t ra ined  zooplankton  observed in  the various studies, the 
degree of en t r a inmen t - i nduced  stress wil l  vary with specific env i ronmenta l  var iables  - 

i nc lud ing  temperature,  water  qual i ty  and  durat ion of stress. In order to obta in  re l iable  
data for use in  predic t ing  the impact  of en t r a inmen t  on zooplankton populat ions,  several  
laboratory studies s imula t ing  power-p lant  condit ions have b e e n  conducted.  

Table 2. Acartia tonsa. Egg production rates of individuals collected at the intake and discharge of 
the Montaup Generating Station (Narragansett Bay, USA) and the Cape Cod Canal Generating 
Station (Cape Cod Bay, USA). Mean egg production rates measured at 20 ~ and a food density of 

1 • 104 cells m1-1 (+- 1 standard error~ N = 15) 

Power plant Sample Egg production rate 
(eggs [female �9 d] -1) 

Montaup Intake 3.2 (0.2) 
Discharge 3.4 (0.1) 
Discharge +C12 1.9 (0.1) 

Cape Cod Canal Intake 3.8 (0.2) 
Discharge 3.4 (0.2) 
Discharge + C12 2.0 (0.1) 
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LABORATORY STUDIES 

The s ingular  and combined  effects of thermal  and chlorinat ion stress on mar ine  

zooplankton have  b e e n  eva lua ted  in several  laboratory studies. He in le  (1969) found the 

upper  l imit  of thermal  to lerance  for Acartia tonsa to be  b e t w e e n  30 o and 35 ~ w h e n  

accl imat ion tempera tures  were  b e t w e e n  20 ~ and 25 ~ and b e t w e e n  25 o and 30 ~ w h e n  

accl imat ion tempera tures  were  b e t w e e n  5 ~ and 10 ~ Reeve  & Cosper  (1972), however ,  

f o u n d  that  a subtropical  popula t ion  of A. tonsa, acc l imated  to 30 ~ could survive at 

Table 3. Summary of zooplankton entrainment studies at coastal power plants 

Location 
Power plant 

Generating Water 
capacity demand 

(gw) (m 3 h "l) 

Principal stress Reference 

Millstone Point 650 95,000 
Long Island Sound 

(USA) 

Chalk Point 730 114,000 
Patuxent River, MD 
(USA) 

Vienna 240 12,600 
Nanticoke River, MD 
(USA) 

Morgantown 1140 222,000 
Potomac River, MD 
(USA) 

Brayton Point 650 154,000 
Narragansett Bay 
(USA) 

Marshall Station 2136 230,400 
Lake Norman, NC 
(USA) 

Chesterfield 1 4 1 6  158,400 
James River, VA 
(USA) 

Indian River 347 61,200 
Indian River, DL 
(USA) 

Guayanilla Bay 1 0 7 3  138,000- 
(Puerto Rico) 234,000 

Martigues-Ponteau - -  - -  
Mediterranean Sea 
(France) 

Montaup 500 12,250 
Narragansett Bay 
(USA) 

Cape Cod Canal 1100 78,000 
Cape Cod Bay 
(USA) 

mechanical Carpenter et al. 
(1974a, h) 

chlorine, slight Heinle (1976) 
thermal 

no significant stress Heinle (1976) 

chlorine, slight Heinle (1976) 
thermal 

chlorine, thermal Gentile et al. 
(1976) 

thermal Davies & Jensen 
(1975) 

thermal, Davies & Jensen 
chlorine (>0.50 mgl 1) (1975} 

mechanical (?) Davies & Jensen 
chlorine (>1.00 mgl 1) (1975) 

thermal 

thermal, chlorine 

thermal, chlorine 

Youngbluth 
(1976) 

Gaudy 
(1977) 

this study 

this study 
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35 ~ Gonzales  (1974) compared the critical thermal  maxima  and  upper  lethal  tempera-  
tures of A. tonsa and  A. clausi. A. tonsa was found to have a wider  thermal  range  than  

A. clausi and  therefore has a relat ively better  capacity to wi ths tand  thermal  stress. 
Gonzales  suggested  that the thermal  adapta t ion  of A. tonsa is manifes ted  in  the shifting 
of le thal  limits, reproduct ion and  metabol ic  activities in  response to the accl imat ion 
temperature ,  a l lowing  this species to tolerate a wide  range  of thermal  stresses. One 
could conclude from these f indings  that accl imation tempera ture  is an  impor tant  factor 
in  thermal  tolerance and  that thermal  stress from power-p lant  operations is less severe 
for eurythermal  species than  s tenothermal  ones. 

To compare the effects of free and  combined  ha logen  toxicants and tempera ture  on 
Acartia tonsa, cont inuous  flow bioassay units  were des igned  to allow short-term toxicant 
and/or  thermal  stress, rapid e l imina t ion  of these stress conditions, and  subsequen t  long- 
term observat ion of the test organisms (Capuzzo et al., 1976). The toxicity of free chlorine 
and  chloramine  to copepods accl imated at 10 ~ with A0 ~ A5 o and A 10 ~ increases  in  
exposure tempera ture  and  copepods accl imated at 20 ~ with A 0  o, A 5 ~ A 8 o and  
A 10 ~ increases in  exposure tempera ture  were compared. Copepods were exposed to 
the temperature- toxicant  stress for 30 min  and  mortali ty was assessed 48 h later us ing  
the neut ra l  red s ta in ing  technique  descr ibed by Capuzzo (1979b}. After the 30-min  
exposure, res idual  ha logen  levels were chemical ly  e l imina ted  by the addi t ion of sodium 
thiosulfate and  the tempera ture  was reduced to the accl imat ion temperature.  Control 
exper iments  i nc luded  exposure of copepods to the tempera ture  stresses with no toxicant 
addi t ions and  exposure to seawater  previously dechlor ina ted  with sodium thiosulfate. 
The copepods were not  fed dur ing  the exposure period bu t  were m a i n t a i n e d  on the 
diatom Phaeodacty lum tricornutum (1 • 104 cells m1-1) dur ing  the remainder  of the 48-h 

exper imenta l  period. 
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Pig. 1. Acartia tonsa. Percent mortality 48 h 
after 30-min exposure to applied free chlorine at 
10 ~ 15 ~ and 20 ~ copepods acclimated at 
10 ~ open circles - control mortality; open 
half-circles - dechlorinated before addition of 

test organisms 

Pig. 2. Acartia tonsa. Percent mortality 48 h 
after 30-min exposure to applied chloramine at 
10 ~ 15 ~ and 20 ~ copepods acclimated at 
10 ~ open circles - control mortality; open 
half-circles - dechlorinated before addition of 

test organisms 
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test organisms 
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Fig. 4. Acartia tonsa. Percent mortality 48 h 
after 30-rain exposure to applied chloramine at 
20 ~ 25 ~ and 28 ~ copepods acclimated at 
20 ~ open circles - control mortality; open 
half-circles - dechlorinated before addition of 

test organisms 

Toxicant  concentrat ions are reported as both appl ied  and  res idual  levels. In all  tests 
chloramine  was more toxic than  free chlorine to copepods. For copepods accl imated at 
10 ~ there was no effect of tempera ture  on the toxicity of ei ther ha logen  form (Figs 1 
and  2). For copepods accl imated at 20 ~ no effect of temperature  was observed at 25 ~ 
or 28 ~ (Figs 3 and  4); however,  at 30 ~ thermal  stress a lone resul ted in  60 % mortali ty 
of test organisms and  h igher  mortali ty was observed with exposure to the toxicants. A 
comparison of LCs0 va lues  (applied and residual) at the various toxicant- temperature  
stresses is p resen ted  in  Table  4. It is concluded,  therefore, that thermal  effects on 
chlorine toxicity are only important  w h e n  this species '  thermal  l imit  is approached.  

In laboratory exper iments  with other species of zooplankton - both holoplanktonic  
and  meroplanktonic  forms - the synergistic effect of tempera ture  in e nha nc i ng  the toxic 
effects of chlor inated cooling waters has b e e n  demonstra ted (Capuzzo, 1979a); this effect 
is possibly due to an  interact ion of uptake  rates and  regula t ion  of physiological  rates and  
the greatest  e n h a n c e m e n t  in  sensi t ivi ty could be  expected at the upper  l imit  of thermal  
tolerance. Gent i le  et al. {1976) and  Heinle  & Beaven {1977) have demonstra ted the 
synergistic effect of exposure t ime on the toxicity of chlor inated seawater  to mar ine  
copepods. 

The only est imates of the toxicity of a l ternat ive biocides (bromine chloride, ozone, 
etc.) to mar ine  zooplankton are the data reported by Bradley (1977) on the comparison of 
bromine  chloride and  chlorine toxicity to the copepods Eurytemora affinis and  Acartia 
tonsa. There was no signif icant  difference in  the toxicity of ei ther  biocide and  this might  
suggest  that the addi t ion  of b romine  chloride to seawater  results in  the product ion of 
ha logen  toxicants similar  to those produced upon  chlor inat ion of seawater.  

The egg-product ion rates of laboratory exposed Acartia tonsa were eva lua ted  us ing  
techniques  s imilar  to those descr ibed for f ield-collected copepods. Copepods were 
exposed to 1.00 mg  1-1 appl ied  free chlorine or chloramine for 30 rain at 25 ~ after the 
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Table 4. Acartia tonsa. Comparison of LCs0 values of chlorine and chloramine for individuals 
acclimated at 10 ~ and 20 ~ 

Temperature (~ Chlorine LCs0 - mg 1 t Chlorine* 
Acclimation Exposure toxicant applied residual + 

10 10 free chlorine 4.80 0.82 
15 4.80 0.82 
2O 4.80 O.82 
10 chloramine 2.10 0.34 
15 1.50 0.23 
20 1.50 0.23 

20 20 free chlorine 4.80 0.82 
25 5.00 0.86 
28 4.80 0.82 
20 chloramine 2.00 0.32 
25 2.00 0.32 
28 2.00 0.32 

*LCs0 values determined by log-probit analysis (Finney, 1971) 
+ Chlorine (or its derivatives) disappears from seawater fairly rapidly but the reasons for this 
disappearance or "chlorine demand" have been difficult to identify (Goldman et al., 1979). The 
"lost chlorine" must remain suspect as the basis for potentially toxic compounds to marine biota. 
In these experiments y (residual) = 0.18 x (applied) - 0.04, r = 0.88, N = 30 

e x p o s u r e  p e r i o d  c o p e p o d s  w e r e  m a i n t a i n e d  on  a d i a t o m  cu l tu re  of P h a e o d a c t y l u m  

(1 X 104 ce l l s  m1-1) at 20 ~ a n d  e g g  p r o d u c t i o n  w a s  e v a l u a t e d  for I w e e k  f o l l o w i n g  

exposu re .  A l t h o u g h  the  g r o w t h  ra tes  of i n d i v i d u a l  c o p e p o d  s t a g e s  w e r e  not  e s t i m a t e d ,  

t he  d u r a t i o n  of d e v e l o p m e n t  f rom e g g  to adu l t  w a s  e s t i m a t e d  for b o t h  con t ro l  a n d  

e x p o s e d  groups .  
T h e  e g g - p r o d u c t i o n  ra tes  of e a c h  g r o u p  of c o p e p o d s  a r e  p r e s e n t e d  in  T a b l e  5. E g g -  

p r o d u c t i o n  ra tes  w e r e  s i gn i f i c an t l y  r e d u c e d  (P < 0.05) for b o t h  c h l o r i n e  a n d  c h l o r a m i n e  

e x p o s e d  groups ,  b u t  t h e r e  w a s  no  s i gn i f i c an t  d i f f e r ence  in  t he  e f fec t  of e i t h e r  t ox ican t  or 

in  d e v e l o p m e n t  t i m e  (~  18 days)  for a n y  of t he  t h r e e  g roups .  F r o m  t h e  m e a n  v a l u e s  of 

e g g s  p e r  f e m a l e  p e r  d a y  (E) a n d  the  d u r a t i o n  of d e v e l o p m e n t  (D), t he  da i ly  p o p u l a t i o n  

r e p r o d u c t i v e  ra te  (B) w a s  c a l c u l a t e d  (B = E/D).  T h e s e  resu l t s  a r e  p r e s e n t e d  in  T a b l e  5. 

Table 5. Acartia tonsa. Egg production of individuals exposed to free chlorine or chloramine in 
laboratory experiments. Mean egg production rates measured at 20 ~ and a food density of I X 104 

cells ml "t (_  1 standard error; N = 12) 

Toxicant Eggs (female-day) -z Daily population reproductive rate 
(E) (B) 

Control  4.0 (0.1) 0.22 
Free chlorine* 1.8 (0.2) 0.10 
(1.00 mg 1-1) 
Chloramine* 1.6 (0.1) 0.09 
(1.00 mg 1 "1) 

* Equivalent to 0.15 mg 1 -I residual chlorine 
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In a s imi lar  s tudy  (Capuzzo,  1979b) the effects of the h a l o g e n  toxicants  on the 
f eed ing  ra tes  and  e g g  produc t ion  ra tes  of the rot ifer  Brachionus pficatilis were  eva lu-  
ated.  Rotifers surviving exposure  to e i ther  chlor ine  or ch lo ramine  h a d  s igni f icant ly  lower  
f eed ing  rates  and  egg -p roduc t ion  rates  than  control  animals .  The  r e d u c e d  reproduc t ion  
rates  were  not  sus ta ined  by  the second  genera t ion  of rotifers and  it wou ld  a p p e a r  that  
shor t - term exposure  to ch lo r ina ted  seawa te r  does  not  resul t  in a p e r m a n e n t  a l te ra t ion  in 
the reproduc t ive  po ten t ia l  of zoop lank ton  popula t ions .  

In l abora tory  b ioassays  wi th  merop lank ton ic  organisms,  the  sens i t iv i ty  of la rva l  
lobsters  (Homarus americanus; Capuzzo  et al., 1976), la rva l  oysters  (Crassostrea vir- 
ginica; Capuzzo,  1979a) and  juven i l e  ki l l i f ish (Pundulus heteroclitus; Capuzzo,  1979a) 
to ch lo r ina ted  s eawa te r  has  b e e n  demons t ra ted .  In add i t ion  to acute  toxic effects, 
exposure  of larval  lobsters  to sub le tha l  concentra t ions  resu l ted  in  r e d u c e d  resp i ra t ion  
rates  and  growth  ra tes  (Capuzzo,  1977), sugges t ing  that  the h a l o g e n  toxicants  in terfere  
wi th  ene rgy  metabo l i sm.  

CONCLUSIONS 

Ai though  mechan ica l ,  the rmal  and  b ioc ida l  stresses of condense r  p a s s a g e  have 
b e e n  shown to affect the survival  of zoop lank ton  en t r a ined  at  coasta l  p o w e r  stations,  
a l te ra t ions  in secondary  produc t ion  of r ece iv ing  waters  have  not  b e e n  demons t ra ted .  At  
power -p l an t  si tes w h e r e  a d e q u a t e  d i lu t ion  of cool ing waters  is p rov ided  even  the effects 
of b ioc ida l  stress to zoop lank ton  popula t ions  m a y  not  cause  a ser ious reduc t ion  in 
secondary  p roduc t iv i ty  because  of the smal l  pe r c e n t a ge  of the  zoop lank ton  affected and  
the h igh  reproduc t ive  rates  of unaf fec ted  zooplankton .  The  most  ser ious  impac t  of 
power -p l an t  en t r a inmen t  m a y  be  the r e d u c e d  survival  and /o r  growth  of the  me rop l a nk -  
ton componen t  of the  zoop lank ton  because  of thei r  seasona l  and  sporad ic  occurrence  in 
the p lankton .  Location of power  plants ,  however ,  at  si tes wi th  poor  d i lu t ion of cool ing  
waters  and  cont inuous  c ropp ing  of the  same zoop lank ton  popula t ions  could  resul t  in 
loca l ized  reduct ions  in secondary  product ivi ty ,  poss ib le  changes  in zoop lank ton  com- 
muni t i es  and  r e d u c e d  larval  recrui tment .  

Specif ic  r ecommenda t ions  to min imize  the  impac t  of zoop lank ton  en t r a inmen t  are: 
(1) careful  s i t ing  of n e w  coasta l  power  p lan ts  to provide  a d e q u a t e  d i lu t ion  of effluents;  
(2) controi  of the rmal  inc reases  to co inc ide  wi th  seasona l  ambien t  t empera tu re s  and  the 
the rmal  to le rances  of dominan t  zooplankton;  and  (3) low- leve l  ch lor ina t ion  c o m b i n e d  
wi th  dech lor ina t ion  and /o r  r ap id  d i lu t ion  of cool ing  waters .  

More concern  should  be  p l a c e d  on the impac t  of e n t r a i n m e n t - i n d u c e d  stresses on 
larval  organisms,  pa r t i cu la r ly  where  commerc ia l ly  impor tan t  spec ies  m a y  be  af fec ted 
and  s igni f icant  reduct ions  in ha rves t ab le  crop may  occur. The phys io log ica l  and  
behav io ra l  l imi ta t ions  of en t r a ined  la rva l  s tages  and  the poss ib le  accumula t ion  and  
t ransfer  of o r g a n o h a l o g e n  compounds  in mar ine  food chains  have  not  b e e n  fully 
explored;  both  these  p rob lems  m a y  have  more ser ious consequences  for popu la t ions  of 
mar ine  o rgan isms  than  the p r o b l e m  of e n t r a i n m e n t - i n d u c e d  mor ta l i ty  and  should  be  the 
subjec t  of more  ex tens ive  research.  
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