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INTRODUCTION

The Sand Lake Road Sewage Treatment Plant is located in southwest Orange
County, Florida (Figure 1). The facility serves a population of approxi-
mately 58,000 including a large part of the City of Orlando, plus 20% of
unincorporated Orange County. The plant has a design capacity of 6.0 MGD
and an average flow of 5.67 MGD. Secondary sewage treatment consists of
contact stabilization, secondary clarification and retention in a polishing
pond prior to discharge. The major industrial contributor of the Sand Lake
Road Plant is the Martin-Marietta Corporation, producers of guided missile
systems and the space shuttle. Effluent discharge is to Shingle Creek, a
major tributary to West Lake Tohopekaliga.

The Sand Lake Plant has received numerous notifications of violations,
dating back to 1975, usually for exceeding NPDES permit limitations for
total suspended solids and fecal coliforms,

In June of 1980, the Biological Section performed a toxicity bioassay on
effluent samples from the Sand Lake Road STP. The results of this test
indicated that the effluent was toxic to Daphnia pulex (FDER 1980). At

the request of DER's St. Johns River District, on 31 March to 2 April, 1981,
the Biological Section performed a series of follow up bioassays on ef-
fluent samples from this facility to further evaluate the extent of toxicity
to the biota of Shingle Creek. The results of these tests are reported
here.
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Portions of Orange County,
Florida Including Study Area.



METHODS AND MATERIALS

Test methods used to conduct these static bioassays are extensively de-
scribed by Peltier (1978). The organisms selected for this study include
species recommended by Peltier (1978) and the U.S. EPA (1978). Addition-
ally, the Biological Section maintains cultures of several species of
organisms indigenous to the State of Florida. Life histories of these
test organisms and maintenance procedures used to culture them are de-
tailed below.

History and Maintenance of Bicassay Organisms

Daphnia pulex (water flea) — A breeding culture of Daphnia pulex was
cbtained from the EPA laboratory in Athens, Georgia in March, 1979. This
culture has been maintained since its arrival, in 2% gallon all glass
aquaria filled with unchlorinated DER well water, using a 16:8 hour
light-dark cycle. Organisms are fed a liquified blend of Purina Trout Chow
and Cerophyl twice daily, and are kept at a constant temperature of

22° + 19C. The aquaria are cleaned weekly by siphoning off half the

water along with the detritus and excess daphnids. They are then refilled
with fresh aerated well water. Additional measures are taken and/or new
cultures started in the event of abnormal circumstances such as: declin-
ing populations, ephippia formation, or excessive fungal or bacterial
growth.

Simocephalus serrulatus (water flea) — An indigenous breeding population
of §. serrulatus was collected from Lake Jackson, Leon County, Florida,

in March, 1980, by personnel from DER's Biological Section. Positive
identification of the organism was performed by Mr. Jeff Foran of the
Department of Environmental Engineering Sciences, University of Florida,
in Gainesville. The cultures are maintained in 2% gallon all glass
aquaria, £illed with unchlorinated DER well water, under a 16:8 hour
light=dark cycle. The organisms are fed a liquified blend of Purina Trout
Chow and Cerophyl(@ twice daily, and are kept at a constant temperature
of 22° + 1°C. The aquaria are cleaned weekly by siphoning off half the
water along with the detritus and excess population. They are then refilled
with fresh aerated well water. Additional measures are taken and/or new
cultures started in the event of abnormal circumstances.

To ensure the uniform sensitivity of these test organisms to toxic sub-
stances, the Biological Section conducts monthly Standard Reference Toxi-
cant Bioassays using sodium lauryl sulfate as the reference toxicant.



Test Methods

Five separate 48 hour statis bioassays were conducted from 1030 hours on
31 March to 1245 hours on 2 April 198l. Grab samples of chlorinated
effluent (Outfall #001l) and of effluent collected prior to chlorination
were obtained by Mr. Louis Ley of DER's St. Johns River District Office
at 1545 hours on 30 March 1981, using standard wastewater sampling pro-
cedures. The samples were iced and transported to the DER laboratory in
Tallahassee within 24 hours of collection.

To differentiate between the toxicity resulting from chlorine and the
toxicity associated with some other component of the effluent, the
Biological Section adopted the following test procedure:

Test # 1. Pre-Chlorinated Effluent (Tables 2&3). This test was performed

on an effluent sample collected at the =2nd of the treatment process but
prior to chlorination. And, it was intended to-evaluate the toxicity of the
effluent without the added toxic effects of chlorine.

Test #2. Chlorinated Effluent (Table 4). This test was performed on an
effluent sample collected at the point of discharge.

Test %#3. De-Chlorinated Effluent (Tables 5&6 .This test was performed on
a subsample of the chlorinated effluent sample in which the chlorine had
been neutralizedl, This test was intended to evaluate the combined
toxicity of the effluent and the chlorine reaction products.

Freshwater for dilution of the effluent sample was obtained from the same
DER well that is used to culture the test organisms. The concentration
series selected for this study (Table 1) is that recormended by APHA (1976).

Two replicates each with six concentrations and a control, were used to
test with Daphnia pulex and Simocephalus serrulatus. Flint glass jars of
250 ml capacity were used as test chambers, and 200 ml of the appropriate
test concentration was placed in each chamber. Daphnia and Simocephalus
were transferred into respective large culture dishes. Neonates were then
transferred individually by glass pipette, examined for injury, and loaded
10 per chamber, resulting in 20 per test concentration.

Dissolved oxygen, pH, temperature, and the number of live organisms were
recorded for each test chamber at 0 hours, 24 hours, and 48 hours. Total
alkalinity, total hardness, total and un-ionized ammonia, and conductivity
were recorded at the beginning of the tests for the controls and the 100%
effluent concentrations. These values were recorded on the biocassay data
forms and are presented in Tables 2 through 6, Organisms were not fed
during these tests.

l.pe-chlorination was accomplished by titrating with an appropriate amount
of sodium thiosulfate.



rable 1. Concentration Series and Volumes Used for These Static 3iocassays

Water fleas (Daphnia pulex and Simocephalus serrulatus)

Concentraticn Dilution Water Eff1luent Total Vol.
Control 200 ml ——— 200 ml
5.6% 188.8 ml 11.2 ml 200 ml
10.0% 180 ml 20 ml 200 ml
18.0% ) 164 ml 36 ml 200 ml
32.0% 136 ml 64 ml 200 ml
56.0% 88 ml 112 ml 200 ml
100% —— 200 ml 200 ml



Table 2. bata rocorded during 48 hour, Daplnia pulex, static acule toxiclty bioassay Of Sand Lake Road Sewage Treatment Plant, Orlando, Orange County,
tlorida, NPDES # FLOO22110, oun 31 March - 2 April, 1941,

Teyt #1, Pre~Chlorinated Sample ]

Conc. Humber of bissolved Oxygen -] Total Alkalinity Total llardness 'l‘u.luperaluru tiry /Nty +Nlg Conductivity
or Live Organisms (mg/L) (Rl {mg/L as CaCOj3) (imng/L as CaCO0j) (*C) Gng/R) (j1mhos)
2
[}] 249 aué 0 24 44 0 24 48 ] 40 0 44 4] 24 q8 ()" 14 1]
Control 10 9 2 4.5 9.0 B.6 7.7 8,1 8.1 114 110 20,9 20.5 20.2} 0/.147
Control : 10 10 10 a.5 u.9 B.6 1.7 8.1 8.1 222
5.6% 10 10 10 8.5 4.9 8.6 7.7 8.1 8.1 20.7 20,3 20,2
5.6% 10 10 10 8.4 8.9 4.6 17.7 8.1 8.1 227
104 10 10 10 8.4 0.9 .6 7.7 8.1 8.1 20.7 20.2 20.1}
1uv 10 10 10 4.4 4.9 8.6 7.7 8.1 8.1 ) 239
10w 10 10 10 8.4 y.9 8.6 .8 4.1 8.1 20.7 20,2 20,1
8¢ L0 1o 10 4,3 6.9 4.6 1.7 v, d 8.1 259
324 1o 10 10 4.3 .9 4.6 1.7 8.1 g.1 20,8 20.2 20,0
32 10 10 10 d.3 4.9 8.6 7.7 8.1 8.1 297
564 ) 10 10 10 8.0 8.9 8.6 7.6 8.1 8.0 21.1 20.) 20.0
504 10 10 10 4.0 4.9 4.5 7.6 4.1 4.0 360
100% 10 10 10 1.5 8.4 ¥.5 7.5 8.0 8,0 85 120 21,4 20.1 20.1}) 0/.252
1004 10 10 8 7.5 4.8 8.5 7.5 8.0 4.0 472

Remarks: a.  Test invalidated at 48 hours due to uxcessive control wortality (>20vw),
b. Total ammonia is expressed as wg/l as N and unionized ammonia is espressed as mg/) as Nity,




‘Table 3.

Lata recorded during 48 hour, Simocephalus uerrulatus, static acute toxlcity bioassay of Sand

Orange County, Florida, NPDES # FL0022110, on 31 March - 2 April, 198},

Luke Road Sewage Treatmwent Plant, Orlando,

Test # 1. Pre-Chlorinated Sample
Conc, Hunber of Dlssolved Oxyyen ‘fotal Alkalinity Total Hardness Te.mperature Nib_ /NIy ¢ Nl Conductivity
or Live Organismg {mg/R) Lt (mg/f as CaCO3) (mg/L as CaCoOj) (°C) 3 (mg/R) 4 (itmhos)
[}
0 24 44 24 4qu o 24 48 0 448 0 48 [}] 24 414 0“ 48 0
Control 10 10 10 8.5 8.9 8.5 7.7 8.1 8.1 114 110 20.9 20.7 149.8] 0/.147
Control 10 9 Y 8.5 y.9 4.5 7.7 8.1 8.1 219
5.06% 10 10 9 8.4 y,9 8.5 7.7 8,1 g.1 20,9 20.6 19.8
5.6 10 10 7 4 8.9 4.5 7.8 8,1 4.1 229
10% 10 10 9 3 8.9 8.6 7.8 8.1 8.1 20,8 20,4 19.9
10% 10 10 10 3 9.0 8.6 7.8 8,2 8.1 239
18% 10 10 10 3 8.9 4.6 7.8 8.1 8.1 20.8 20.4 20.1
1uv 10 10 10 3 8.9 4.6 7.8 8.1 g.1 264
324 10 10 10 3 8.4 8.5 7.7 8.1 8.1 20.7 20.5 20.1
2% 10 10 10 2 4.8 8.5 7.7 8.1 8.1 299
56%¢ 10 10 10 9 8.8 8.4 7.7 4.l 4,1 20.9  20.5 29,2
56% 10 10 10 Y 8.8 8.4 7.7 8.0 8.1 365
100 10 10 9 4 8.8 6.4 7.5 8.0 4.0 85 120 2).2 20.5 20.) 0/.252
1004 10 9 o 2 .4 u.a |75 B0 w0 an
Remarks: a. ‘fotal ammwonia is expressed as my/l as N and un-jonized ammonia is expressed as ng/l as Nll]..




Tabla 4,

Florida, NPDES § FLO022110, Outfall ¥ 001, on 31 March - 2 April, 1981.

bata recorded during 48 Lour, baphnla pulex, static acule toxicity bioassay of Sand Lake Road

Suewage Treatment Plant, Orlando, Orange Couty,

Test 4 2, Chlorinated Sample
Cone. tHumber of Dissolved Oxygyen Total Alkalinity ‘fotal ilardness Temperature NH3 /NIty thH4 Conductivity
or Live Organisms (mg/L) pi {mg/L as CaCOj) {mg/% au CaCO3) (*c) (mg/2) (puwhos)
[}
0 24 q4 0 24 40 0 24 44 0 44 0 448 )] 24 q0 0b 448 1]
Control 10 10 10 8.2 8.9 4. 7.8 8.1 8.1 114 110 21.0 20.7 20,6 0/;147
Control 10 10 10 8.2 4.9 8.6 7.8 8.2 8.1 218
5.6% lla 11 11 4.2 8,9 8.5 7.8 8.2 4.1 20.9 20.7 20.6
S5.6% 10 10 10 4.2 8.9 8,7 7.8 8.2 8.1 232
10¢ 10 10 10 8.2 9.0 8.6 7.8 d,2 8.1 20.6 20,6 20.3
10% 10 10 10 8.2 9.0 8.6 7.8 8,2 4.1 244
14 10 10 10 8.2 9.0 . 7.6 8.2 4.1 20,9  20,% 20,1
JEEL N 10 10 10 .2 9.0 8,7 1,4 U.2 8,1 262
24 10 10 10 g.1 9,1 ] 7.1 8,1 d.1 20,8 20,4 20,3
324 10 10 10 8.1 9.1 8.4 7.7 8.1 8.1 298
564 10 10 10 4.1 9.0 4.8 7.6 8.1 4,1 20,8 20.4 20.2
50% 10 10 10 8.1 Y1 4.4 7.6 .1 8.1 3b1
100% 10 9 7 7.7 9,1 8.9 7.4 8.0 4.0 85 118 21,1 20,5 20,3 0/.308
1004 10 6 3 7.1 9.1 .4 7.4 8.0 8.0 467
Remarks:  The total chlorine residual was determined in each concentration as follows: Control 0,00 my/) (Hach DPD)
4. Since it is difficult Lo remove extra test oryanisms without 5.6% 0.01 mg/1 '
disturbing the test contaiuner, the extra Daphnia was allowed to 10,0% 0.07 wy/) v
remain in the 5.6 concentration. 18.0% 0,10 wg/1 B
b. Total ammonia is expressed as wg/l as N and un-ionized ammonia is 32,08 0.20 mg/1 '
expressed as wyg/l an Nlj 56,0% 0,30 ng/1 b
100,08 0,50 mg/1 '




‘table 4. Data rvecorded during 48 hour, baplhnia pulex, static acute toxicity bioassay of Sand Lake Road Sewage Treatment Plant, Orlando, Orangu County,
Florida, NPDSS ¢ FLO022110, Outfall # 001, on 31 March - 2 April, 1981,

. o
rest #3. De-Chlorinated Sanple

Conce, Humbey of Dissolved Oxygen ‘Total Alkalinity Tolal sardness Tcﬁpex‘nlure N3 /NI 3R Conductivity
or Live Organisws Ging/R) el (ng/% aa CaCojy) (mg/R as Ca' 13) (°Cc) (my/R) (jimhos)
' 0 21 48 0 24 au o 24 48 0 a8 0 e Jo 24 4 ob 44 0
Control 10 10 10 H.4 9.0 8.6 7.4 8.1 4.1 114 110 21,0 20.7 20.6(] 0,/147
Control 10 10 10 8.4 9.0 8.6 7.8 8.1 8.1 219
5.6% 10 10 10 4.3 9.0 8.6 7.8 8.1 u.1 20.9 20,5 20.4
5.6 10 10 10 | 8.3 9.0 8.6 7.4 81 8.1 242
104 10 10 10 4.3 9.0 8.6 7.4 8.1 8.1 20,8 20.6 20.5
10% 10 10 10 8.3 9.0 8.6 7.8 8.2 6,1 245
18% 10 10 10 8.3 9.0 8.6 7.8 8.2 8.1 20,8 20,7 20.4
14 10 10 10 8.3 9.0 u.5 7.4 8.2 8.1 263
324 10 10 10 4.3 9.0 8.5 7.4 8.1 a.l 20.9 20.7 20,4
2% 10 10 10 8.3 9.1 4.5 7.4 4.1 8,1 302
56% 10 10 10 4.3 ¥.9 ¥.5 7.1 8.1 4.0 21,0 20.6 20.5
561 10 10 100 | 8.3 ) 6.4 {7.7 8.1 8.0 165
1004 10 10 10 6.1 9.0 4.2 7.5 8.0 a.0 85 118 21.8 20.8 20.6] 0/.304
1004 10 10 10 | u.1 9.0 g.2 |7.5 8.0 4.0 479

Remarks: a. The total chlorine residual was determined to be 0.55 wmg/1l (Hach DPD) and 1,13 my/1 (Iodometric Method I)., 7This chlorine coucentration was
then neutralized with a calculated amount of sodium thiosulfato.
b. Total ammonia Is exprossed as mg/)l as N and un-ionlzed ammonia s expressed as mg/l as Nilg,



Pable 6. Ubata recorded during 48 hour, Simocephialus serrulatus, statlc acute toxlcity biocassay of Sand Lake Road Sewaye Treatment Plant, Orlando,
. Oranyge County, Florida, wnebes § Fig022110, 0utiaIl § 001, on 31 March - 2 April, 1941,
Test # 3, =C g 4
Conc. Nuaber of Dissolved Oxygen Total Alkalinity Total llaxdness 'l'e.mparature Nll]/ml]ﬂlll‘ Conductivity
ot Live Organisma (mg/%) et (mg/L as CaCoj) (my/L aa CaCoj) (°c) (ing/2) (umhos)
h [}] 24 44 24 44 0 24 44 0 14 (4] 40 0 24 48 ob 48 0
Control 10 10 9 3 Y.,0 4.4 7.4 8.2 .1 J114 110 21.0 20.4 20,9]0/.147
Control 1u 9 9 3 9.0 0.4 7.8 6.2 8.1 218
5.6% 10 10 10 8.3 9.0 8.5 7.8 H.2 8.1 20.9 20.5 20.9
5.6 10 9 g | 8.3 9.0 6.5 7.8 8.2 4.1 232
104 10 10 10 8.8 9.0 8.4 7.4 4.2 8.1 20.8 20.6 20.9
10% 10 100 10 | 8.3 9.0 8.4 |7.8 6.2 8.1 245
18y 10 10 9 3 9.0 8.4 7.8 u.l 4,1 20.9 20.6 20.9
1oy 10 10 mn 3 9.0 6.4 | 7.8 v s 261
32v 10 10 10 3 9.0 4.4 7.4 8.1 4,1 21,0 20,7 20.7
s 10 10 10 | a3 9.0 8.4 |78 w1 8.1 302
564 10 10 10 8.3 9.0 0.4 7.7 4.1 8.1 21,3 20.7 20.8
564 10 10 10 3 9.0 u.3 7.7 v.r 80 367
100% ] 10 10 10 8.1 9.0 8.3 7.5 8.0 8.0 85 118 21.8 21.0 20,9 0/.300
1004 1o 9 9 1 9.0 8.3 |7.5 .0 8.0 478
Rewmarks: a.  The total chlorine residual was determined to be 0.55 wmg/) (Hlach DPD) and 1,13 mg/l (Iodomu;;l‘ic Method I). This chlorine concentration was

L.

then neutralized with a calculated amount of sodium thiosulfate,

Total ammonia is expressced as mg/) as N and un~ionized ammonia is expressed as wy/l ad NHj.




RESULTS AND DISCUSSION

The pre-chlorinated effluent sample from the Sand Lake Road Sewage Treatment
Plant caused scme mortality to Daphnia and Simocephalus, however, LC values
could not be calculated (Table 7). The 48 hour Daphnia pulex biocassay was in-
validated due to excessive control mortality (> 20%). The chlorinated effluent
proved to be acutely toxic to Daphnia pulex at 48 hours (48 hours ILCgg = 100%)
(Table 7). The 96 hour LCsg would therefore be < 100%. The toxicity can be
attributed to chlorine since a residual of 0.5 m§/l (Hach DPD) was found

in the 100% effluent (Table 4). Additionally, field parameters taken at the
time of sampling showed total residual chlorine of 1.3 mg/l (Table 8). These
concentrations of chlorine have been found to be toxic to aquatic organisms
{(U.Ss. EPA 1976). The dechlorinated effluent was not acutely toxic to Daphnia
but did cause some mortality to Simocephalus (Table 7). However, an LCgqg could
not be calculated.

Chapter 17-3.051, Florida Administrative Code, indicates that "all waters

of the State shall at all places and at all times be free from...components
of discharges which...are acutely toxic." "Acute toxicity" is defined in
Chapter 17-3.021(1l) to mean “"the presence of one or more substances...in
amounts which are greater than one-third {1/3) of the amount lethal to 50%
of the test organisms in 96 hours (90 hour LCsg) for a species significant to
the indigenous aquatic community..." This criterion applies at the point of
discharge if there is a mixing zone. The distinction between presence or
absence of a mixing zone is not relevant here, however, since the testing
procedure used does not involve effluent concentration. The 1/3 of the

96 hour LCgg criterion is three times as stringent as the 96 hour LCgy
criterion-and, therefore, in the absence of a mixing zone, the procedure
used is very lenient. The procedure followed is also lenient in that
testing is only done for 48 hours. The 96 hour ICs5g derived from this
testing is, therefore, reported as "less than or equal to" the 48 hour
measurement. The value found after 48 hours can never be more restrictive
than the value found after 96 hours. It must be noted that all organisms
used in these tests are significant to the indigenous agquatic community
since they are sensitive to toxic substances which may be expected to
impact the indigenous community.

The toxicity reported here is in excess of allowable limits, if no mixing

zone is permitted for the subject facility. The toxicity is not in excess of
allowable limits if a mixing zone has been established for the discharge.

11
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Table 7. IC,

Organism

Daphnia pulex
Test #1. Pre-Chlorinated
Sample

Simocephalus
serrulatus
Test #1. Pre-Chlorinated
Sample

Daphnia pulex
Test #2. Chlorinated
Sample

Daphnia pulex
Test #3. De-Chlorinated
Sample

Simocephalus

serrulatus
Test #3. De—-Chlorinated
Sample

Method of Data Analysis

Binomial
Moving Average

Probit

Binomial
Moving Average
Probit
Binomial
Moving Average

Probit

Binomial
Moving Average

Probit

Binomial
Moving Average

Probit

24 hour 1LC and 95%
confidende intervals

No Mortality

No Mortality

5o Pata for Bioassay of Sand Lake Road Sewage Treatment Plant, NPDES # FL0022110 on 31 March to
2 April, 1981.

48 hour IC and 95%
confidence 1ntervals

100% {56 andx),B
A

A

No Mortality

A. Due to an insufficient number of dead organisms, or to the irregular distribution of mortality,
an LC value cannot be calculated using this method of statistical analysis.

50

B. Due to the distribution of mortality, the IC
analysis does not meet the criteria establis

with Aguatic Organisms.

C. Test invalidated due to excessivVe control mortality.

Réd

value calculated by this method of statistical
by the Committee on Methods for Toxicity Tests



Table 8. Field Parameters of Sand Lake Road Sewage Treatment Plant Effluent
Samples Collected on 30 March 1981.

Sample 1. Effluent before chlorination

Temperature: 20°C
Conductivity: 500 umhos
pH: 7. 4
Dissolved Oxygen: 6.7 mg/1
Total Residual Chlorine: Not Detected

Sample 2. Effluent after chlorination

Temperature: 26°C
Conductivity: 500 umhos
PH: 7.6

Dissolved Oxygen: 7.5 mg/1
Total Residual Chlorine: 1.3 mg/l

Field Measurements by: Guy Hadley
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