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The cooling l ines through the condensers in steam e lec t r i c  
generating plants frequently become fouled with attached organisms 
which reduce cooling e f f ic iency and decrease water flow rate. In 
many plants a chlorine solut ion is fed for several short periods 
each day to t reat  problem areas and then is discharged as conden- 
ser blow-down. To study the tox ic  ef fects of these discharges on 
the organisms in the receiving water, there is a need for an in- 
termi t tent  del ivery system to simulate the down-stream condit ions, 
such as the chlorine pulses (DICKSON, et a l . ,  1974). We here 
describe the composition and operation of an in termi t tent  del ivery 
system used to perform chlorine t o x i c i t y  tests on macroinvertebrates. 

Description of the System 

Stainless steel oval tanks simulate the receiving streams 
and rotat ing stainless steel paddles add current. Blacksburg tap 
water, dechlorinated by passage through an activated charcoal 
f i l t e r ,  is added to the streams by means of a modified BRUNGS 
AND MOUNT (1970) proportional d i l u te r .  Instead of the usual 
Marr iot te bot t le  for toxicant  de l ivery  to the dipping chamber, 
there is a I /2  in. dia. Tygon tube from a submersible pump ( L i t t l e  
Giant Pump Co., Oklahoma City) inside a 5-gal. ju~ (painted black 
to retard photoreactions of the chlorine solut ion}  (Fig. I ) .  
The submersible pump is plugged into a Variac-type voltage regu- 
la tor  (Standard Elect r ic  Co., Dayton, Ohio) to control the rate 
of flow up the del ivery l ine.  The Variac is plugged into a 
twenty-four hour timer with a f i f t een  minute switching potential  
(Paragon Elect r ic  Co., Two Rivers, Wisc.). The timer turns on 
the system for f o r t y - f i v e  minutes at three equally spaced in te r -  
vals during the day (s imi lar  to the chlor inat ion schedule of many 
steam electr ic-generat ing plants) .  

Each time the d i l u te r  cycles, d i l u t i on  water f i l l s  the cup 
at one end of the dipping bird and pivots the hollow dipping 
bird into the dipping chamber. When the timer switches on, the 
submersible pump del ivers chlorine solut ion to the dipping 
chamber. The next time the d i l u te r  cycles, there is chlorine 
solut ion in the dipping bird and i t  is  pivoted into the mixing 
chamber and i t  continues to be added each cycle unt i l  the timer 
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Line drawing of the in termi t tent  del ivery system with 
c r i t i c a l  parts of BRUNGS AND MOUNT (1970) d i l u te r  
(not drawn to scale). 

switches o f f  45 min. la ter .  The d i l u te r  cycles approximately 
every 4 min. and del ivers 500 ml to each 12-I stream. When the 
timer t r ips  o f f ,  the chlorine solut ion descends back into the 
toxicant  bo t t le ,  and only dechlorinated d i lu t ion  water is de- 
l ivered to the streams for the remaining of 7 hr. & 15 min. of 
the cycle. 

Description of the Chlorine Cycle 

Figure 2 shows two d i f fe ren t  pluses of the system with 
d i f fe ren t  stock concentrations. Residual chlorine measure- 
ments were made using an amperometric t i t r a t o r  (Wallace and 
Tierman, Be l l ev i l l e ,  N.J.) by the technique in Standard 
Methods (p. 112; 1971). Measurements were performed every four 
minutes, the turnover time of the d i l u t e r ,  for at least nine 

589 



0.6' 

0..~ 

0 , 4 '  

lal 
Z am 

_J 
Z 
~ 
..I 

•0.1. 

O. 

off 

6' C 

off 

means 

March 30, 1974 

1.2-- off 
off 

m 

:hlor 

15 ~ C 

1.o" r 

,.0.8"z t ~  

1.o"r 

h n e  

m e a n s  

:E 0.2- 

O- At, 
: ' : : : ' : ",,' , 

8P, M 9 1() 11 NOON 1 2 3 4 5PM 
June 13, 1974 

Figure 2. Representative chlorine pulses with dif ferent stock 
solutions for Test 1 (March 30, 1974) and Test 2 
(June 13, 1974). 
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TABLE I 

Statistical Analyses of Measured Peaks during Test l and Test 2, 
with Means, 95% Confidence Limits,and Ranges, in mg/l of Total 
Residual Chlorine. 

Test l Mean No. 95% Conf. Limit Range Coeff. of Vat. 

high 0.531 16 0.501-0.561 0.40-0.60 I0.74% 
2nd 0.265 17 0.246-0.284 0.17-0.32 13.74% 
3rd O.151 17 O.l 35-0.167 0.I0-0.22 20.84% 
4th 0.0771 17 0.0699-0.0843 0.05-0.I0 18.22% 
low 0.041 8 17 0.0373-0.0463 0.03-0.06 21.14% 

Test 2 

high l .144 17 l .098-I .198  0.98-I .36 7.80% 
2nd 0.512 15 0.496-0.528 0.45-0.56 5.53% 
3rd 0.320 14 0.286-0.354 0.27-0.515 18.51% 
4th 0.175 15 0.148-0.202 0.13-0.33 27.70% 
low 0.0350 15 0.030-0.040 0.02-0.05 24.74% 

hours to i l lustrate a complete cycle and the peak of the next 
cycle. Because of the inflow volume : holding volume ratio of 
each tank, the removal of chlorinated water from the streams is 
progressively more gradual until f i r s t  all free chlorine is 
removed and then all combined chlorine - except the background 
concentration from the charcoal f i l tered source. 

Mean chlorine concentrations during the chlorine cycles 
(Figure 2) were computed by obtaining the mean concentration for 
each four-minute measurement during the eight hour cycle. The 
means and peak concentrations can then be compared with continuous 
chlorine-dosing tox ic i ty  tests in which a Marriotte bottle is 
connected to the dipping chamber. 

Table I shows stat ist ics on numerous measurements of the 
chlorine peaks during both tests to i l lust rate that each of the 
continuously measured cycles were representative of the usual 
operation of the system. 

Discussion and Conclusion 

The system can be used for intermittent-dosing or continuous- 
dosing tests with only the minor modification of attachment of 
the respective delivery line to the dipping chamber. The system 
has proven ef f ic ient  and reliable as shown by the representative 
data from two tests. Though other types of delivery systems are 
available such as peristal t ic pumps, the solenoid-util izing 
di luter of ESVELT AND CONNERS (1972), manual addition of toxi-  
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cant to the dipping chamber, or the p e r i s t a l t i c  pump-driven 
centri fuge tube-siphon d i l u te r  of CHANDLER et al.  (1974), th is  
system seemed as inexpensive and trouble-free as any other. The 
chlorine cycles observed in our a r t i f i c i a l  streams were very 
representative of the concentrations below a power plant on the 
Clinch River as reported by DICKSON et al.  (1974). The system 
described was used with a somewhat vo la t i l e  and reactive tox i -  
cant, yet s t i l l  functioned with good rep l icat ion for e igh tday  
tests so i t  should also be applicable for more stable toxicants 
in long-term tests.  
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