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INTRODUCTION

The Deland Main Wastewater Treatment Plant is located on South Amelia Avenue
just south of Deland, Volusia County, Florida (Figure 1). This facility
serves approximately 16,000 residents of the city (1974 NPDES Permit) and
has recently doubled its design capacity from 2.0 to 4.0 MGD. Treatment of
wastewater consists of primary and secondary clarifiers, trickling filters,
third stage aeration basins, aerobic sludge digestion and chlorination
(Figure 2). The dried sludge is disposed of by land spreading. Treated
wastewater is piped west of the city and discharged to the St. Johns River.

For a number of years, this plant has beencriticized for adversely affecting
water quality in the St. Johns River. In January 1981, it received a Notice
of Violation for failure to submit a schedule for a pretreatment program, an
industrial survey and other technical information. 1In & June 1980 NPDES
Compliance Inspection Report, the plant exceeded its limits for BOD and sus-
pended solids, and was cited for inadequate maintenance of records and
reports. In 1976, an Administrative Order was issued against this plant for
exceeding its BOD and Suspended Solids limitations.

On 6 to 8 May, 1981, the Biological Section performed static, acute toxicity
bioassays on effluent samples from the Deland Main Wastewater Treatment
Plant, to determine the existence and extent of toxicity to the biota of the
receiving waters. The results of these tests are presented in this report.
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METHODS AND MATERIALS

Test methods used to conduct these static bioassays are extensively
described by Peltier (1978). The organsm selected for this study is
among those recommended by Peltier (1978) and the U.S. EPA (1978).
The life history and maintenance procedures used to culture them are
detailed below.

History and Maintenance of Bioassay Organisms

Daphnia pulex (water flea) - A breeding culture of Daphnia pulex was ob-
tained 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 tempera-
ture of 22° * 1°C. The aquaria are cleaned weekly by siphoning off half
the water along with the detritus and excess daphnids. They are then re-
filled with fresh aerated well water. Additional measures are taken and/
or new cultures started in the event of abnormal circumstances such as:
declining populations, ephippia formation; or excessive fungal or bacterial
growth.

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

Test Methods

Three separate 48 hour static bicassays were conducted from 1055 hours on

6 May to 1130 hours on 8 May, 198l. Grab samples of chlorinated effluent
(Outfall #001l) and of effluent collected prior to chlorination were ob-
tained by Mr. Guy Hadley of DER's St. Johns River District at 1732 hours on
5 May, 1981, using standard wastewater sampling procedures. 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 (Table 2). This test was performed on
an effluent sample collected at the end 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 3). This test was performed on an
effluent sample collected at the point of discharge.



Test %3. De-Chlorinated Effluent (Table 4). 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 deep well that is used to culture the test organisms. The concentration
series selected for this study (Table 1) is that recommended by APHA (1976) .

Two replicates, each with six concentrations and a control, were used to
test with Daphnia pulex. 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 were siphoned into a large culture dish. Neonates
were then transferred individually by glass pipette, examined for injury,
and were loaded 10 per chamber, resulting in 20 per test concentration.

Dissolved oxygen, pH, temperature and the number of live organisms were re-
corded for each test chamber at O hours, 24 hours, and 48 hours. Total
alkalinity, total hardness, and conductivity were recorded at the beginning
of the test for the controls and the 100% effluent concentration.
Additionally, ammonia concentrations, including the total (expressed as

mg/l as N) and the unionized fraction (expressed as mg/l as NH3) were re-
corded for the control water and for each of the 100% effluent concentrations.
These values were recorded on the bioassay data forms and are presented in
Tables 2 through 4. Organisms were not fed during these tests.

! De-Chlorination was accomplished by adding a calculated amount of sodium

thiosulfate.



Table 1. Concentration Series and Volumes Used for These Static Bioassays

Water flea (Daphnia pulex)

Concentration Diluticn Water Effluent 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
18.08 164 ml 36 ml 200 ml
32.0% 136 ml 64 ml 200 m1
56.0% - g8 ml 112 ml 200 ml
100 ——— 200 ml 200 ml



-posseals A(eaoass swsiuehio burtureway e : sy aAPWDY
0s9 "8 '8 ST 6L V'L 8"V MA ﬂm o1 $+001
- 21U/ 8T WLT|e 1T 9°0T 8704 6b1 50¢ L '8 9 L 6°L 9 L 6"V e mw ot %001
ocv e L 2 9L 18 o8 9°9 Mm mm ot 95
2°1z €70z 0°1Y '8 LG ;] 9°L "8 . o'R a9 MH ME o1 *9%
ote 1°8 8 [ 3 [AN: | t°8 L L 01 o1 (42§ %CE
1"t 1702 €719 "8 8 L L '8 £€°8 6°L S 6 o1 %C¥
08z "8 1'8 LoL v 8 v'g '8 ot ot ot *81
L0 0°0C Vv 1T 18 1°8 LTL €°8g v'e €°'8 e 6 ot 38T
ovZ ) e 18 8L v'e v'a S B o1 ot (00 *0T
9°0C 0°0C €°1T 19 1'g 8 L v'8 v'8 s 8 8 o1 o1 %01 ‘
ocT '8 u'g 8°L v e v'8 9°'8 ot ot ot #@.mli‘
9°QZ ©0°0Z ¢€°1¢ 1°8 o°8 8¢ v'e s°8 9°'8 ot ot ot $93°S
[¢]4}4 L ) 0°8 L L v e S8 L8 8 ot o1 TOox3U0)
12°/10° TO°/0}f9°0Z <ZT°0Z & 1% 601 e o°s 0°'8 L L c 8 s 8 L8 6 o1 ot Toajuocy
(o] ov o (214 | &4 o ay ' LY (214 o av |44 (o] ey ve o 8y ve o
(soyunt) (y/bwm) (Do) (€oDed sw 3/bw) (tooed BR y/Huw) nd {y/bw) swsjuebio aay1 “W
K3yagiyonpuo) vun+Eun/Cun sanjeasdwel, seoupiell [v10l1, Kyguiren(v 1e3lol usbdixo paajossia jJo Iaquiny T ouo)d

‘pueieg ‘jJueld IUSWIELDI], IDILMIISEM UTEH pueTsad jo L3TD jJo

‘1861

rAeW g 031 9 UO EOEQZOUTAR_
Aesseorq A3joyxon oqnoe oyavas *xaind ermnided ‘anoy gy Gupanp vepiodax eled

capdwes pajzeuraoiyo--2ad

S3A4AN

‘epyrord

*Kfuno) ersnfopn

4

ST

srqelt, /




/6w 01" 1 = %001
1/bm 09" = %95 /6w g1* = %0°01
/6w GgE - = %Tt /6w 60" = %9°S
/bm gzt = %81 0 = 10x3U0D
* (UGdd HOVYH) SUOTIRIJUIOUOD SPTIAOTUD TTIOL : sIRUDY
SL9 - 28 L L - 9'8 0o 8 - o ot %001
90" /28" € 91 - B8°0C B°1C ¢St b ¥4 - '8 L L - 98 0o°8 - 0 o1 %001
j-TA 4 - '8 L°L ~- 9°8 £€°8 - o) ot %99S
- Lot LT - LA} Lt - 9°8 £°8 - (o] o1 9%
(4] 3 - Z°8 8 L - 9°8 9'8 - V] ot T4
- L0 L°1E - '8 8 L - 29°'8 9°9 - (] o1 L 243
08¢ - '8 8L - s '8 L8 - (4] 01 81
- S$°0C L°1¢ - '8 8L - S8 L8 - o 0T %81
0s¢C - '8 [ - $°8 L8 - 0 o1 %0t
- §°0Z S°1¢ . - c'8 8 L - '8 L'8 - o o1 30T
Lol x4 - '8 8L - s '8 L8 - o (00§ *9°S
- §°0Z S°tZ - '8 8 L - $°8 L8 - 0o ot %9°S
00Z <8 (A} 8 L s '8 9'8 L8 ot ot ot Tox3U0)
1z°/10° 20°/0 }S°0C S°0C GS°12 601 it '8 (4 : § 8 L €°9 9°'8 L8 o1 ot ot Tox3u0D
o 1214 0 ey vZ [¢} 131 4 o 1214 [t} 214 v o oy ve 0 1314 ve 0
(soyuml) (y/bw) (Do) (€oDwD se y/bHw) (€oDwD sw y/buw) pek (3 /6u) sustuehio oafl h“
K3gayzonpuod ¢=z+ﬂ22\m:2 &h:uﬂMQQEWB sseupivll [elo], hu«:~uﬂx~< 12301 usbAxg paatossia 3O aquniy * OUoD)
-a1dwes poIRUTIOLUD “TH ISIL

‘A3UN0) EIBNTOA ‘puelag ‘Iueld IUSWILDAJ, ID9IEMIIFEM UTPH puelsd Jo

‘186t ‘Aew @ 031 9 uo *olewwmuuso '£OE0ZO0TAN SAAIN ‘EPTIOTA

Avsgsvorq A3 foixoly ojnow oyjens

fwaine

eruydeq

‘Inoy gp Hutanp paplroosa ejeq

bR S

s1aey




*93VITNBOTY] WNIpos N GZO"

JO Junoww pIaJRINOLED P {ITM PazZITriinsu sem (dd4d HOVH) [/Pu {1 TeNpIsaszaulioiyd jejol

-swsiuehIO peIpP puE POSSIAYS
uDOMIDQ DIVTIUBADIITP OF IINOTIITL sem IT pue pazAteaed A1o301dwoo saxom sustuehlo Yyl SSNEODHE IVSOYI U0 IpEIN 9q IOU PINOD SIUNOD DILINDOY ¥

sy aeway
0s9 Z2°8 Z'8 8°L Z°8 v°8 £°8 S Mm ot %001
90" 11/E8" 8T YZT|L"0C T°1Z G°1Z kAT § S1e Z'g8 '8 8L 18 v-e €8 S mm o1 *00¢
Lot 4 4 Z'g T8 8 L c'8 v°8 S8 9 M@ [0 ¢ 9%
"0 T1°1¢ S°12 '8 ¢°8 8L Z°8B [ ¢ S8 2] MQ (00 ¢ *9G
(41393 1I'8 T8 B L £€°8 S°8 P.W 9 6 ot LYAY
S'0T L°0Z 9°1¢ 1T I8 8°L £°8 S$°8 L8 L a ot €
08< <8 I8 8L V'8 S'8 L8 8 ot o1 81
S°0Z 9°0Z 9°1¢ 8 T°8 8L £°8 S8 L8 6 o1 (04 %81
0sZ < 8 c '8 B8 L S 8 s°8g L8 ot o1 ot %01
(¢ kA 9°0¢ b A z°8 Z°8 8L S°8 S 8 L8 o1 o1 ot %01
ot < 8 78 8t 9°6 S8 L8 ot ot ot %9°9
v 0T 9°0Z | 2 ¥4 Z°8 '8 8 L 9°g s°8 L 8 ot ot ot %*9°g
00¢Z . Z 8 c°8 6L 9°g s°8 (A : | 8 6 01 TOox3IU0D
1w /10" ¢0°/0|S°0Z 9°0C v 1Z 601 [ R 28 T°'8 6 "L 9°'8 s°8 L8 6 o1 01 [ox3uo)
0 av [ 21 | X4 o av (4] 214 (4] av vZ 0 1234 vZ 0 or | 44 0
(soruil) (3/bur) (D.) (EoDed se y/bu) (€onen Be 9/Buw) nd ( 3/ bw) susyuebIg SAY'L LW
K3yragaonpuoy vun+Cun/Cun eanjeaaduoy, ssaupiel [w3IOL A3Futreqry (ejosn uabAxQ paAlosstd 3O 29qunn “suon
“ardues pozeutioluo-od £ # 3ISAL

efsnioa ‘pueieg ‘Jued IUSWIERDIL) A9Jemalsem UTeH pueiad Jo A3TD Jo Aesserorq A3Toyxol] ajuoe ofzviys ‘xapu

‘1861 ‘Aew 8 ©031 9 uo (00§ 11T3300 ‘EOEOTO0Td# SAAAN ‘epraord ‘Ajunod
eruydeg ‘anoy gy Buyanp pspaocoax ejeg

s

v erqen




RESULTS AND DISCUSSIONS

The pre-chlorinated effluent from the City of Deland Main Wastewater
Treatment Plant was acutely toxic to Daphnia pulex (24 and 48 hour LCgps of
>100% and 39.7% to 43.8%, respectively) (Table 5). The 96 hour LCg,
would, therefore, be <43.8%, The chlorinated effluent also proved to be
acutely toxic to Daphﬁla pulex (24 and 48 hour LCsgs of <5.6%) (Table.S).
In fact, every organism died within 24 hours in every test concentration
except the controls (Table 3). After 96 hours of exposure the ICgg, would
still be <5.6%. The de-chlorinated effluent also exhibited acute toxicity
to Daphnia pulex (48 hour ILCgy = 87% to 100%) (Table S}. A 24 hour ILCgp
could not be calculated since a number of organisms were too paralyzed to
accurately determine the number of dead. A 96 hour LCsg would be < 100%.

Although chemical analyses were not performed on this effluent, the
toxicity it exhibited may be related to the concentrations of unionized
ammonia found in the 100% effluent samples (Tables 2 - 4) (U,S. EPA 1976,
1977). Additionally, the toxicity exhibited by the chlorinated sample
(Table 3) may be related to the synergistic effects of chlorine and ammonia
(U.S. EPA 1976, 1977).

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(1) 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 (96 hour LC50) ...". In the absence of

a mixing zone, this 1/3 of the 96 hour LCgy applies at the point of dis-
charge. Chapter 17-4.244(4) states that "in no event shall the maximum
concentration of wastes in the mixing zone exceed the amount lethal to 50%
of the test organisms in 96 hours (96 hour LCgp) 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 LCgqy criterion is three times as stringent at the 96
hour LCgq 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 LCsg 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 aquatic 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.

10
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