Bioassays of Clearwater East STP
Clearwater, Pinellas County, Florida
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Bureau of Laboratories
August 16, 1988



Executive Summary

Clearwater East Sewage Treatment Plant, Clearwater, Pinellas County, NPDES
#F1.0021865, on 2-4 February, 1988.

The sample of final chlorinated discharge from this 5.2 MGD domestic treatment facility
proved to be acutely toxic to the test organisms, Daphnia pulex, and Notropis leedsi,
producing 48 hour LCsg's of less than 10% (i.e., all animals died in the lowest (10% sample)
test concentration). This toxicity can be only partially attributed to the total residual chlorine
(2.0 mg/l Jodometric) as the tests using dechlorinated sample were toxic to the test
organisms, Ceriodaphnia dubia, Daphnia pulex, and Notropis leedsi, producing 48 hour
LCsp's of 40.5%, 79.2%, and 85.2%, respectively. The Microtox™ assay, using the
bacterium Photobacterium phosphorum, was also toxic resulting in ECsq's of 108.7%
(chlorinated) and 123.7% (dechlorinated). The unionized ammonia concentration of 0.15 mg/l
found in the sample is insufficient to account for the toxicity observed. '

Chemical analyses indicated the presence of several pesticides including a probably toxic
concentration of Diazinon (0.4 pg/l), and of the metals zinc (17 pg/) and lead (3.5 pg/),
neither at levels likely to cause toxicity.

We recommend that the Clearwater East facility be required to meet the state toxicity
standards or to undertake a Toxicity Reduction Evaluation with the goal of meeting those
standards. Additionally, we recommend that the facility be required to reduce residual
chlorine concentrations in their effluent.



Introduction

The Clearwater East Sewage Treatment Plant is located in Clearwater, Pinellas County,
Florida (Figure 1). This facility is a 5.2 MGD activated sludge wastewater treatment plant
with chlorinated discharge to Old Tampa Bay (Figure 2). The facility has been in violations of
its permit on numerous previous occassions (e.g., 7/77, 2/81, 2/82, 12/34, 3/85) and had its
permit amended based on a review of circumstances in 1985. Clearwater East has been
scheduled to change to deep-well discharge since 1983 (the most recent attempt was
scheduled for 6/88) but has not been successful in the conversion to date.

Bioassays were performed from February 24, 1988, on samples of the final treated and
chlorinated effluent and on a dechlorinated subsample. The tests were performed using the
organisms, Ceriodaphnia dubia and Daphnia pulex (water fleas) and Notropis leedsi (the
bannerfin shiner). Those involved in performing the tests and in preparation of this report
were D.A. Chasteen, J.M. Faircloth, and S.H. Wolfe.



=~ Hurricane Pess

CALADESI
ISLAND
S TATE PARK YA

MOONSHINE
[

a : : ST
Nvig; HOw3d M]LVMUV313

TILE PASS

S
BELLEAIR BL!

v Pep 1 100G
g

{{ Lono Oah £1.

R

‘ﬂzgﬂsh MALONE IS,
el

) 05

FwaRy 15,

1S

FURPYSRRY PV

I
=

W R ‘ ‘T—""\\’;_\ <
(IO zast Y g\ curtend gT Mo
' \“ 0 8 S, ~ ,2—1 S
e A e PR,
> Os \‘\\l “‘I Wl\\\— g & ' /. :\
J4/3 \\\k_ \\\\‘:2 N S.CL ~- RR.__ x
g W e ¢ )
\\\“}}\} u () '1?; i 2% o ¢ A : .
\ N \
¥ B S 2en NS
/ ~ \\\\\ Et. Pop. 28.000 Pap. 1538 1.
i
oy
[
3 \\\\ ==
8&\\} N 580\\.
Wze
bR
DINY -
Pop.n.ﬁg“\
T, (15}
s : #
§1&\\~‘ ! —
\\“:LM' \\‘“\;\3_” ,}E  ~Harbor L.
ek £ T3 y
=2 S & /

ETY Hﬂ(gBOR

Pop. [ F3,160
/

!
,
5o Byl "CLEARWATER CiTY LN T

2 \
ST. PETERSOURG-CLEARWATER

b

7 PETERIOURG )
Hw BASE

g

16

A
AWl
<

svd

i

=

= o
£
N

T—_éum—ﬁ“ 2 vj""

.......

£t
e
719
Cross %

G

Figure 1.

i e \\\ BN
A0
1)
h
/" S

T T ITANT FETTYILIAFIITITSS,

v

East STP.

INTERNATIONAL AIRPORT
4 -

-

g
o, Koo

L

N

TO TAMRA

= TOTAMPA

Location map for Clearwater



—— - — —
Y 0 '
- - -c"/ f‘ ! - N} “1
- I 3 T>"—' : ‘&
(- FinaL \f\ E (i::t“"] {‘_/E"_’M_Afr_i} !
{A s i‘a \ Troes ) .
. — - "’ i JW 1)
J: 'C_____ i
- { \>-' T4
= f
m— IO 1 a— H
{!. ‘\'[-z TO' lL } ;ﬁcosopgv : ;
[ %3 4-5-1
n FingAL ﬂl/i 0!;:::;/ , PRZ.;:RY:.} /J)
. /
T TANKS .'#‘ iz ?}"L(’rﬂs ﬂ}
— s it N — -
{' : l] i C:'.‘:J Z' : ‘ \ﬁ PrimARY .fuu.:qj/ /
L“_‘_T_".A_:.]'t Fé‘-i '?a:‘;-l‘:‘:-:g BI::N-:O.G_O
Bvraen Ir*"'*" ‘)"'\. "\: "\lbrnp; - :'—.‘- it AR P
ofo|olh EE

fo—33-
AN -y
w13
A

Orrte Al wtemr  Nmeam. S8 T

i
}
= =3 - } !
—— ™ ¥ = =3 ‘/h‘“’* BTH AGTIVATRAG SLunge
=) (o] efelo i
| ¢ { i
T ==y g
r4 ? ? ? # 1 i1 WASTL AGTIVATED
0 SLupas DdcHARGE
i [0l o)==
i 1 ] '1 J_ | ’
k -~ . -~ == 111 }
e “T T ~~H T
JloTolcTolt
2 .
&l el Ac.ﬁ,oesnc.\!amﬁ.‘s.c&.:

Oranaren Wanys

¢
!

]

}/ ASTIVATRD SLuopge
]

]

| S

———

LOTINATION

Dcaut; *e 4ot

-

Schemolic of Wastcwoter Flow
Cleoswaler Eost Pollution Control FOCI“T}'
Cleanvater, Florido

Discharge Scrial No, 001

December 3, 1973 p. 1 of }

Discharge 00)
5.2 MGD

N ouTFALL

<

Figure 2. Plant layout



Methods and Materials

Test methods used to conduct these static bioassays are extensively described by Peltier
and Weber (1985) and the FDER Biology Section (1985). The organisms selected for this
study include a species recommended by Peltier and Weber (1985), the U.S. EPA (1978), and
the FDER Biology Section (1985). Additionally, the Biology Section maintains cultures of
several species of organisms indigenous to the State of Florida. One of these indigenous
species was also selected for testing. Life histories of these test organisms and maintenance
procedures used to culture them are detailed below.

The Microtox® assay was run according to the manufacturer’s protocol described in the
Microtox® System Operating Manual (Beckman 1932).

1. History and Maintenance of Bioassay Organisms

Daphnia pulex (water flea}—A breeding culture of Daphnia pulex was obtained from the
EPA laboratory in Athens, Georgia, in June, 1937. This culture has been maintained since its
arrival in 2 1/2 gallon all-glass aquaria, filled with unchlorinated DER well water, under a 16:8
hour light-dark cycle. Organisms are fed a liquified blend of Purina Trout Chow® and
Cerophyl® twice daily, once daily on weekends, and are kept at a constant temperature of 22
42 °C. The aquaria are cleaned weekly by siphoning off half the water along with the detritus
and excess organisms, and then refilling 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.

Ceriodaphnia dubia (water flea}—A breeding culture of Ceriodaphnia dubia was obtained
from the EPA laboratory in Athens, Georgia, in June, 1985. The culture is maintained in 2-1/2
gallon all-glass aquaria, filled with unchlorinated DER well water, under a 16:8 hour light-
dark cycle. Organisms are fed a liquified blend of Purina Trout Chow®, Cerophyl® and
Fleischmann’s® yeast twice daily, once daily on weekends, and are kept at a constant
temperature of 26 22 °C. The aquaria are cleaned weekly by siphoning off half the water
along with the detritus and excess organisms, and then refilling 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.

Notropis leedsi (bannerfin shiner)—Approximately 40 adult bannerfin shiners were
obtained from an indigenous population in the upper Suwannee River during October, 1981.
The breeding stock is maintained in 125 gallon all-glass aquaria equipped with a flow-through
water exchange system. Water for this system is unchlorinated and is pumped from the DER
deep well. The bannerfin shiners are reared at 22 +2 °C under a 16:8 hour light-dark cycle
and are fed Aquarian® flake food and frozen Artemia (brine shrimp) twice daily, and once
daily on weekends. Breeding and egg hatching are encouraged at 25 °C. The eggs are laid
between stacked red ceramic tiles separated by a 3mm bead of silicone. Most of the eggs
adhere to the tiles and are easily removed to heated, aerated hatching tanks. The narrow
space between the tiles eliminates egg predation by adult fish. New hatching tanks are
started regularly to segregate fry into even age groups. Newly hatched fry are fed a liquefied
blend of Purina Trout Chow® and Cerophyl® twice daily. After one week, feeding is
augmented with newly hatched Artemia nauplii and finely crushed Aquarian® flake food. The
fish used were 23 days old when the test commenced.
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Photobacterium phosphoreum, a luminescent marine bacterium, is maintained as a freeze-
dried culture, purchased from Microbics Corporation. Lot number M-606 was used in this
assay. Immediately prior to the assay, the culture is rehydrated with 1.0 ml of specially
purified water (Microtox Reconstitution Solution).

2. Standard Reference Toxicity Assays

To ensure the uniform sensitivity of these test organisms to toxic substances, the Biology
Section conducts monthly standard reference toxicant bioassays using sodium lauryl sulfate
as the reference toxicant.

3. Test Methods

Methods used to perform acute toxicity bioassays are described by Peltier and Weber
(1985) and the FDER Biology Section (1985). Some of the methods described below are
more specific than those of Peltier and Weber. These will be noted in more detail.

Sampling Methods and Test Dates

Separate samples were obtained for chemical and biological testing. Samples for metal
analyses were preserved with HNO3. Samples for organic chemical analyses and for the
bioassays were unpreserved. The samples were collected by using standard wastewater
sampling procedures. The samples were iced and transported to the DER laboratory in
Tallahassee for analyses within 24 hours of collection.

Test Temperature

Upon arrival of the iced (4 °C) bioassay samples in the Tallahassee laboratory, the
containers were placed in warm water and the temperature of the samples allowed to rise to
20 + 2 °C. Although this temperature may be different than the temperature of the sample
during collection, it is the temperature range to which the test organisms are acclimatized and
is the range recommended in the above referenced bioassay protocols. This avoids stressful
effects caused by exposure to unusually cold or warm samples.

Total Residual Chlorine

Since many reclaimed waters are chlorinated, especially those originating from sewage
treatment facilities, it is often desirable to differentiate between the toxicity resulting from
chlorine and the toxicity associated with other components of the reclaimed water. To
accomplish this, the Biology Section performed concurrent bioassays on a sample of
chlorinated reclaimed water in which the chlorine had been neutralized. Dechlorination was
accomplished by adding a calculated amount of 0.025N sodium thiosulfate. The total residual
chlorine concentrations of the tested sample of reclaimed water are given on the bioassay
data forms. A comparison of the results of these tests will distinguish between the toxicity
due solely to residual chlorine and the toxicity inherently contained in the reclaimed water.

Method
Freshwater for diluting the water samples being tested was obtained from the same DER
deep well that is used to culture the test organisms. The concentration series selected for

this study is given in Table 1.

Two replicates of the control and each test concentration were used in bioassays with the
water fleas, Ceriodaphnia dubia and Daphnia pulex. Flint glass jars of either 60 ml (for C.
dubia) or 250 ml (for D. pulex) capacity were used as test chambers, and either 50 ml or 200



ml, respectively, of the appropriate test concentration was placed in each chamber.
Ceriodaphnia were siphoned into a large culture dish and neonates were transferred by glass
pipette. Ten were loaded per chamber, resulting in 20 per test concentration. Daphnia were
siphoned into a stainless steel screen chamber placed into a large culture dish to isolate the
proper size and age organisms (neonates). Then the screen chamber along with any retained
adults were removed. The neonates remaining were then captured by glass pipette,
examined for injury, and loaded 10 per chamber, resulting in 20 per test concentration. The
water fleas were not fed during these tests.

Two replicates of each concentration and a control were used for the Notropis leedsi
(bannerfin shiner) bioassays. The fish were transferred individually or by twos using a
pipette into wide mouth quart jars containing 500 ml each of the appropriate test
concentration. Five were loaded per chamber, resulting in 10 per concentration. Fish were

not fed during these tests.

Test Parameters

Dissolved oxygen (YSI Model 57 oxygen meter), pH (Corning Model 7 pH meter with
Fisher Accuphast® combination electrode), temperature (NBS calibrated glass
thermometer), and the number of live organisms were recorded for each test concentration at
0 hours, 24 hours, and 48 hours. Total alkalinity and total hardness (measured as CaCO3
using Hach Chemical Company reagents) were recorded at the beginning of the test for the
controls and the 100% reclaimed water concentration. The specific conductance and salinity
(YSI Model 33 S-C-T meter) of each test concentration was recorded at the beginning and
end of the test. All instruments were calibrated before use according to manufacturer’s
recommendations. Ammonia concentrations, including the total and unionized fraction, were
recorded in the controls and the 100% reclaimed water test concentration at the beginning of
the test. Total ammonia concentrations were determined using an Orion specific ion probe
and an Orion Ionalyzer®, The unionized fraction was then calculated based on the total
ammonia concentration and the pH, temperature, and salinity of the sample. These values
were recorded on the bioassay data forms and are presented in Tables 2 and 3.

Microtox® Test

Upon receipt at the DER laboratory, a 20 ml subsample was collected for Microtox®
analysis. The sample was adjusted to 2% salinity with reagent grade dry sodium chloride to
maintain the osmotic balance of the test bacterium during the assay. Four two-fold dilutions
were made of the test sample resulting in a test range of 97%, 49.5%, 24.75%, 12.38%, and
0%. An incubation temperature of 15 °C was maintained throughout the assay. Ten pl of
bacterial suspension was added to each of the 1.0 ml test dilutions. Light output
(luminescence) was read after 5 and 15 minutes incubation, using the Microtox® analyzer and
recorded on a Perkin-Elmer strip chart recorder. In the presence of toxicant, the
luminescence of the test organisms will decrease. In the presence of a stimulant, the
luminescence will increase. Toxicity is calculated as a function of the light lost in the test
sample, normalized to the control, and is reported as the effective concentration at which a
50% reduction, of light output is determined in 15 minutes (EC50). Results are given in Table

4.



Results and Discussion
" LeMwATER

The sample of final chlorinated discharge water from the €eeper-Eity East Wastewater
Treatment Plant proved to be acutely toxic to the test organisms, Daphnia pulex and
Notropis leedsi, producing 48 hour LCsq's of <10% in each bioassay (Table 5). The test of
chlorinated discharge on Ceriodaphnia dubia was invalidated because of laboratory accident-
induced mortality. However, this test indicated the same toxicity. This toxicity can be
partially attributed to the total residual chlorine (2.0 mg/l Iodometric) measured in the
sample.

The sample of discharge water that had been dechlorinated was acutely toxic to
Ceriodaphnia dubia, Daphnia pulex, and Notropis leedsi, with respective LCs0's of 40.5%,
79.2%, and 85.2%. Unionized ammonia was calculated to be 0.2 mg/l, which probably
contributed to the toxicity.

Chemical analyses (Table 6) indicated the presence of three pesticides—&-BHC (0.03 pg/l),
¥BHC (0.03 ug/l), and diazinon (0.4 pg/), and four metals—lead (3.5 wg/l) and zinc (17
pg/l). The 8-BHC and y-BHC are in trace concentrations unlikely to result in toxicity. The
diazinon concentration is sufficient to cause toxicity, and probably accounts for most of that
observed. The metals are in concentrations unlikely to cause toxicity.

Biology Section Recommendations

We recommend that the facility be required to meet the State toxicity standards or to
undertake a Toxicity Reduction Evaluation with the goal of meeting those standards.
Additionally, we recommend that the Geepef-e'rgy‘gast facility be required to reduce residual

. . . . g~ Te
chlorine concentrations in their effluent™ EARWN



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

Ceriodaphnia dubia (water flea)

Concentration Dilution Water Sample
Chlorinated
Control 50.0ml 0.0ml
10.0% 45.0 ml 5.0ml
30.0% 350ml 15.0ml
60.0% 200ml 30.0ml
Dechlorinated
Control 500 ml 0.0 ml
30.0% 350ml 15.0ml
60.0% 200 ml 30.0 ml
100.0% 0.0ml 50.0 ml

Daphnia pulex (water flea)

Concentration Dilution Water Sample
Chlorinated
Control 200.0 ml 0.0ml
10.0% 180.0 ml 20.0 ml
30.0% 140.0 ml 60.0 ml
60.0% 80.0 ml 120.0 ml
Dechlorinated
Control 200.0 ml 0.0ml
30.0% 140.0 ml 60.0 ml
60.0% 80.0 ml 120.0 ml
100.0% 0.0 ml 200.0 ml

Notropis leedsi (bannerfin shiner)

Concentration Dilution Water Sample
Chlorinated
Control 500 ml Oml
10.0% 450 ml 50 ml
30.0% 350 ml 150 ml
60.0% 200 ml 300 ml
Dechlorinated
Control 500 ml Omi
30.0% 350 ml 150 ml
60.0% 200 ml 300 ml

100.0% Oml 500 ml

Total Volume

50ml
50 ml
S0 ml
50 ml

50 ml
50 ml
50 ml
50 ml

Total Volume

200 ml
200 ml
200 ml
200 ml

200 ml
200 ml
200 ml
200 ml

Total Volume

500 ml
500 ml
500 ml
500 ml

500 ml
500 ml
500 ml
500 ml
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Table 4. Microtox test results, Clearwater East STP discharge, Pinellas County,
NPDES #FL0021865, on 2 to 4 February, 1988.

Microtox Test Culture Lot # M-606
Final Reclaimed Water
% Sample Chlorinated Dechlorinated
5-min 15-min 5-min 15-min
0 86 90 91 61
0 83 87 87 60
0 85 93 95 66
12.38 31 30 87 56
12.38 13 9 85 55
12.38 15 10 88 57
24775 5 2 74 42
2475 6 3 86 56
24.75 2 1 79 51
495 2 0.8 71 43
49.5 2 0.3 69 43
495 0.5 0.3 72 45
99 0.2 ‘ 0.2 52 34
99 0.2 0.1 54 35
99 0.2 0.1 53 36

EC50 Chlorinated (15 minute, 15 °C) = 6.04% sample
EC50 Dechlorinated (15 minute, 15 °C) = 123.7% sample

ECsp (15 minute, 15 °C) is calculated using the Data Reduction Computer Program developed
by Microbics Corporation for the Sharp Model EL-5100 (Microbics ) Systems Operating
Manual, 1982.
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Table 5. LCs( Data for Bioassay of Clearwater East STP.

Method of 48 Hour LC50 (95%
Organism Data Analysis Confidence Intervals)
Chlorinated discharge
Ceriodaphnia dubia Binomial a,c
Moving Average c
Probit c
Daphnia pulex Binomial c
Moving Average c
Probit c
Notropis leedsi Binomial c
Moving Average c
Probit c
Dechlorinated discharge
Ceriodaphnia dubia Binomial 40.54% (30% and 60%)
Moving Average b
Probit b
Daphnia pulex Binomial 79.22% (60% and 100%)
Moving Average 79.22 % (72.81% and 86.64%),d
Probit 79.96% (71.19% and 89.03%)
Notropis leedsi Binomial 85.15% (60% and 9,999%)
Moving Average b
Probit b

a As the result of a laboratory accident resulting in control mortality, this test is invalid

b Due to an insufficient number of dead organisms, or to the irregular distribution of
mortality, an LC5( value cannot be calculated using this method of statistical analysis.

¢ The LC50is < 10% since all the organisms died in the lowest test concentration (10%).

d This LCs( is reported in the text since it is the most statistically conservative value of the
data set.
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Table 6. Chemical constituents present in the discharge water from the Clearwater
East Sewage Treatment Plant, NPDES #FL0021865, on 1 February 1988.

Organics
Pesticide extractables
0-BHC 0.3 pg/
v-BHC 0.3 pgl
diazinon 0.4 ugl
: Metals
lead 3.5ugl
zinc 17 ugl

13
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Discussion of the Toxicity Criteria

The toxicity standards of Chapters 17-3 and 17-4, F.A.C., are complex. Because of this
complexity, they will be briefly reviewed here so that these test results may be more readily
compared with the standards. For legal purposes, however, the language of the Florida
Administrative Code should be consulted directly. Applicable portions of the F.A.C. are: 17-
3.021(1), 17-3.021(4), 17-3.051(1)(@), 17-3.061(3)(p), 17-3.402(1), 17-4.244(4), and 17-
4.244(6).

The particular restrictions applied to a given discharger depend upon the type of
discharge, the type of water body which is impacted, and the type of mixing zone, if any,
which has been permitted. The most stringent toxicity limitations which apply to the various
combinations of these factors are listed below, specified in terms of the most dilute
concentration of effluent which is allowed to kill 50% of the test organisms in 96 hours. Note
that any listed concentration greater than 100% is extrapolated from toxicity curves
determined from testing various effluent concentrations of 100% or less. Violations of the

toxicity standards occur in the following conditions.

I. Discharges to Surface Water

A. With no mixing zone, or with only a dredge and fill mixing zone the discharge may not
exhibit an LCs0 < 2000% at the point of discharge.

B. With a non-dredge and fill mixing zone the discharge may not exhibit an LC50 < 100%
at the point of discharge and may not exhibit an LC50 < 2000% at the edge of the

mixing zone.

C. With a non-dredge and fill mixing zone, and either discharging to the open ocean
through multiport diffusers or meeting the provisions of 17-4.244(4)(b) the LC50 at
the point of discharge cannot exceed 30% sample concentration.

II. Discharges to ground water may not exceed an LCs0 of 300% at the point of contact with
surface waters

A violation of these provisions occurs if toxicity is found at a more dilute concentrations of
the sampled discharge than allowed above.

15



PIRAN B i

SN

(g syl o735 e o uiye < oy o
ok

\%a fo e Eaini X

. ._ STTURNOANE N

STPTUT ADY ea o e e R T
VI T peq- Az e 7
. n\‘. 2 P, ore e BRI P QQv PRIy o o W
R AT ,m € U.ﬂmﬁ. R /m_ﬁsﬁ I\
e Ay e .:;,-I<13Ax~ T Ry L AT
\ / \.\ { e - .v“\.fu WK\\..A@\- &, Qm 04 1'ss Ee G !. - ‘?
uvwx\n poyI ¥ \W RS LE L B SRSt y ._M\uirm cof ST T 13BN :; N&M«\. el
suiao[y) (enpl cay [vaIol u..w_..iumu_H.L,...._m 1¥0 BERL L P |'$|||A||I»||..1|!v|||;ll||\»:.~|ow.l
. . 4 , g - M , ADUATLISY
Al e | P POV a3 e
A _ - -
N N S : B —_
- W o
5 5¢- oy | o o .
L {
_Il'l'!,- “w
TV &g poansead
Sy | .
21T K001 % a7 no I
PaeIEN [03310D "SihL £BT8 v 9 ’ W 79)
\»IILDON& - \ 4% \%N m.h :m. A\u Q Q\ \|ﬁ k&
1 r.i L S o/l 41 |40
1 19YI0 Ccs aﬂN Lolh'4 010 2
T/ :oy1dues %001 - . : ; al o/
00 ) gp P33R 10330 .aﬁ W Q'§1 S F'lifg 7 Q ﬁQw Wﬂ m\
0 2ol 4 —H LL . 38 23 J v of 55 % “
(t/EnN se 1/2u) ) . Tix olg |7 52 WN\V g
{$303/pIZTUOTUN BTUCLLY Coli 2% [WAR 3D 3 g 5 D,
’ sl Q o hd
= L 7ALY) TH L% Mot| ol L9 1/
71 A peansed e T o/ 4 g
2 e Nav SUARKY] T L olo| ¥l Se | /P
2@ JLCF (ordeg 1001 Loljotr 123 g6 Vi 1oy 1% | o |*oqn z
. \ TamgRM [CI3uC) - = - o5 M 2e Q 95 Tl « — Q C,-. L AT TDUIRIUO)) 20
W/HEN 1 96 12z 189 %2 0 oo 120 1837 | 0 |86 |<f (¢ - SUSILEBA0 SAT] 3 a1 < sy
'l e ~ - - . SO = s >
(Ccomn s2 1/8m . uw»..n hoy g uDdin) PIL[CTS1g 70 IeqIN
ot /A TUT TBREY Sl STL] &qu“\ EER S UNIEFIEES [
Sl ol Al 1 ATRI0 VT aaqumy] 1pTaeg JU9n13ild
7oA ofeag 83v] :3dAy 2551
7/ /20

P « 74 \ art f, M
TCOU7 =
Y7

77

23eq

#3180

R o\:\a\.q\WuU\\f.\ ws1ueBap 3IsTY,

* e3eq :fuipugd 3L
:ButuurSeg 189 T

:u013221 100 Pldumg ,

T ey \:qu\ M5 101331510/3503WD
I Nu 2 K \e*..\_.\um»\ m SS2APPV
N AR
AS xﬁ.qu

A V UEOTXOL,/A33s0pU]
AL

LA GSOL

TR ARSCIFAU LS Lt




s BT

TAQ pamatlaay
m o = Svyns Yooy

PSS IRt UR B LT 1y N

Ipojeut AOTHI-]

 spowati it
L T POUITR tgEr]
I pOYIH te3ep plota

L PULIoYD [EN1SIY [FICL

HES RIE TR

SANOH Q@

SN0 24

SANOLH QY

KINOY 4T

19394 1~0-S 129391 (A
nmsmuﬂhﬂm ﬁ—wU u:mﬂz_CuWCH

saa32l 1d

Ty
g

WY

sat0L

o) 4941 ] Sy | PO e S
945G~ ¢ )
1 Aq pIanseayy
*E $a2430
a1due s %001
:193BM [0a3U0D , " 5
2 '8 h L okl 8 =10 |0 =7 | 2697
ANOH »
Lo a "ML AKX “Tol ol 3 | %02
$ 33410 *
A I et o Deg TITZ TL 7 =To [ 91| a5 | %%
a0 uQ :a93eM [0xJUOD i _ =
M7 T B AR —|o| W €| Zve
(] anCH b
(yei s 1/%) EeT o5 54 L's|a8 =0 | W 87 |4
1£303/pZTLOTUN BILAULY . i 4
foT|L o887 Lle. oy ol ol 31| %o
O :4q poansean RIA] Cl o= Cal%'s of [ e o/f </ |90
roycue = ate i [
/1Sy g¥ a1dues 1001 hq«. 'R7rd Lo Lq2a allpty of +r ] Ya P
97 £1) 393EM 1013UD
96 | ¢L g% 0 196 2L gy | %2 0 96 (44 gy | % Q |96 2L gy | %C 0 |96 <L gy | % 0 | 1equnn %
(SooeD se 1/3w) \ J}\« Do (1 /3m) SWSTUEZAQ 24T HOUTBIUD) ] ao
ssaUp1PH/KITUT LTV ALYV D aameaaduny 1 ueBAX(Q POATOSSIA 3O IoqUIN 153 ouo)
EXVETTY 2%e3g 9311/2%Y 1 29420 \n.m.uwm\ﬁ\&d Jaquny 3Tured SAIIN
7 ﬁvﬂvv Ew«cmwwo Mmo,ﬁ [eUOTIURALCD é~m39_mz‘ (Qryeag):adLy 383l Joo Joqumy 1ETJAg Iuan1Izd
& OG/ amy, ¥oaeq :Butpudy 3Is9L D 3O aeqny Is2L S uuCuﬁa\wmmW%
\J\,O arT, 23eq :Burumn 3oy 1s9], e
. o a, T AY LA oee s S A2 ) uC}JSo,:»Sm:ﬁqH
\U\ 7f& 2170 1LoTIdd10D Bdg DT VARG vt .\L_I. ALS y Z x.\:
T > KD
i T - ) ‘e = TE

L Ly




s
BEARD LNTTIR (8] R ERE

LS TR AR RSN SRR ]

x1

. \‘lh\\-\\b @3]

.:_ I 5._5 1

[T YR AL Y]

upm.ww
FooR T L

- L IN0f1 40

e

e HESA S DR 3] hR S RN I _.ﬁ..an cammi] O
\.ﬂU \ \% D0 1-0-6 SR T " I} RGPS
IouTIo[Y) [TNprssy (rioy ICUOTIRAQLED TS|
. . __. ' { ALY \ . i 103LA1I52AU]
S PRtLl b g s Sl Apet e
B ) i w _
_ 1
w | :
T L poansedy 3 { :
& YW o w i MT!I i 3
T oyNES Y00l ~
TA9QEM [OaquOD - - e / v z
T ant LUAT OL[TE ~lolSt LT | Z%YY
ArOH . - . _ )
LBl 14 Leiht Lalreg “lolsl @& | %09
sa2u3n ~ v I = [#4
['¢/ satdues %001 a Ly AL LT X ols| 1 |HL%
70| ¢ @ 323mH 1043000 : . -
LbI ) - Ly AL L' TS “Tols| e | %%
_ 0 ANCE] - - - ,Q Q
(R/EN o0 1/80) L YAVY2 83149 Vol ¢ &7 | %%
[B3C3/pIZTUOTLN PIUCINY ; - - - ; D
BLi7 7 LIAN Y 84Tl T S|Pt | %
v D) . ¥ sl\ -
SFY:q pormsw 257 S| AL #als8 Slsis 38| /=)
T 2930 ; : . AT 209
oor/ 25y :o1duES %001 0T 2/ 8Lirnl AElGX 91519 T [47%7 )
7 JJ s assTM [033uc) : Wadh) - — pom—— —
& &) 8 55 Tz Tev 1% 1o 196 1oL 187 1w | G |96 1oz (37 lwe | ¢ _{¢6 iez |8y lve | 0 |96 1Ll 1€V mwm,_ U o
(Eooen s /%) TR ST % , L LHT e n Dasmy | cowo
mmd%.ﬁ*\bﬂsdﬁﬁ L/ AL Mg7e2 ) aanjeaadusy el v paieseia 30 2Ean — =
S Tt J 34 7o 77 aequnpn 31uued SHAN
.Caﬁq e/ o815 ©31T1/83Y P c.imm ) - o, 1BLI5G AU 119T
L7245 v\g\mu\ wstueBip ISTL 2 ?m; oo ll.ul{ﬂ& “431- T T301213510/19E300)
—gaa7 _aul s3eq :Buipua IsoL AT ARl " aseappv
CA L& =l 51 :2utnur8eg 359

Vi3t Vav0 AVoSvOlrd

23rQ :UO1IDA[10D T1duRg

)KL

S J57 Zafpiitoaf v i




B B

HER1 L ¢f

Q\“h\

L(Q :Aq paanseay

g pomarTaay

U 9 spomaon

Y]

M —rJum.:m \,:_——mJ'R—

T poygong D]

aerl

07

T pOY IRy re3ep plorg

I2UlAOjY) [EUFTsOY [TICL

Lkt

Yol {JGQ ﬁvﬁcﬂ \*

SRR

Csanojf g6

|aNOLl gl
san0fl gy

A9 1-0-8 1a939
ISLOTIRAQT (T JUANUISU]

WA gt

= unfry

SINOH ¢
SANO ()

raeeg d

Bl

g

BT
STy
A

poum,: 159AU]

Zrd 3o jeiawug

=

1a330
1a1dues Z001
218 1033000 I FH LI S Ols|?| k%Y
— t ] . \ 8\
: e Torlioele 78 T2l 8|5L '8 L8] &% L8|l 26 Wod
) 2s|  irdes 2001 rE[Esse L2783 Olaf | &s | % 9"
. : . L] a Q
R S [ orlS T T8I L LaiLd¢8 | o @| Y e~ chw
¢ 0 hé\m—_v Q.h QNM \.v /. r-% \\~M -m.m . T Evc o/ \W \RQW
(R/EHN 5% 1 .
15303/ pOZTUOTUN BTUCILY Sorte e L aF TR LBL8Ss o/ @81 v 6b ‘N,vm
S LLpZ[o4 SETHIL oo Y| = | [P
q poanseay - . ) . A
19430 orit il a8 Wh Ll '8 J.N L8l 4/ el O\ o TPl \ *(b.v
o/ 1S :a1dues 001 Ier Ki 56 122 87 |5z | o [@w . z
W/ 1323Em 101300 96 12z |87 17¢ | o0 |96 |z 8% |%¢ | o 196 Jzc |8y [% | 0 (96 |2’ Qm\me : w2 | 0 L s T mwSNMcoo .88
(foomd sE 1/3) 2an mww&mp i ueBAXQ PaA[OSSIa 3O ISqUN R~ .
S SRUPIPH/AITUL [ ENTY ! r ToquNN 1TUUSd SHIAM
12420 aC Juasnljid
A 5 . =2 Jaqumy [BT.IaS 3 1334
~—ogEE R a0 ent S e gan gy ariny v A SEY s _aeraiemg e
lNM\WM\P FButpua umwm. 2 5 A3 TAT2 IUTITROL/AIISNCUT
“eenl s h o aetieo 918t T T M| ALS 7T AT D
Y74 . =/ - 7P
= O MEE T TER T ey TR A




B A B

1 g paaAncLaR]

v

133
1o :san %001
anzp [033UC)
ArOY
HE 18

AN 04 epdues %001
o’ el Q aeaEpn 1023

O ANCH
(dy/fuN se §/3m)
[ B203/pIZIUOTUN BTUCUNY

TAQ pimoEacy

IDUTIOYD [ENPLSYY [rIo)

“..w..HI;:J_
T A‘n....y.n— (AR A RTE-TETRT ER LEL RS

AR R T IR IS} RN T T T S e T v 6
Trmemm e ) ) — L o O] 7 T e —
TEHTH tqw o ) ) o s U gy
Trpoyaow T e S L

SN0 KT \%N 53& N\d.ﬂr‘é
TEOUI TRANP prory AR )
103 1~3-S HEWI T Sl 5]

ISLOTIRAGT LD USRS

caogopg i

o.m (0,90 “‘\ Al 31 ~ 1N - , £ I0UD 1 I182AU]
Y A e | AU HUTA | 1AL B
i
)
4 ! I _ M
| M | O |

7 254

+'L CXKILS 0l es L sw\v\\uQ.N\

b4l [0 XLS T84 g\ 12 | ALeor

5

QXY -

/
B e TYEEFE 2K 7297

&40 B8 e 7 3P TEERT AL,

2/ o/ of

¢ (7244

3} TR ST L P ol o ZoE

\W«H.NN :£q peanseal

128430
\v&\\ad. sidues %001

LV VN IR L8 S8 ol 01y o LE

7

22

L'Ag8 XY . allal | o/

/ZF)

86/ PO 0 Lol o 9 :.q. Lgll8 A dhorlall T | /)
\\\NN\ aDaeM [0d3uC) - ] . .
2L 187 1%C 0 (9% 3L 8% (% g 96 {TL 18% (% 0 |S€ 7. 3 _ .vN Q0 86 &L g% W 0 ¢ 29Uy
(£00zn se 1/4m - 79 D0 AEET SuSTUCH1) AT hourezw) “20
ssouparH/L3TuUt e Y &...3%3@850 ainjeaadny 1 e T s uo J2CRIN Jsa1, *5u0D
SETEIS of21g o311 ety v EE e P TE0 7 2oy 110w 304N
Yo/l ) ws1uE3ap 352, [Eu L ILR2AT) me jenaue unvcra. qUSlL o n\.\\.ﬁ. Joqumy |ETJSS JUAN(3IIH
—XFT7 g : JeqQ :Suwpuln Is9) éuﬁ\“ ST 3SOL - sm.\r.»va Mx»ﬂuﬂzuuMuuﬂo\uQMué
|\NNJ|Q|N|N5H o3e0 Buyuue8ay 359 s521pPY
TS /7 T 33eq :uctidellol ardueg SO VAN AVESVORY

\KW wa.%s \Cu%.wul\mm..m\w quesTX0L/K138NEU]

a1




DRGSR LN SO

TPDIRLT 2O Y-

R

emrruRn

SAOL] 9

BB hE

D poY3iNg

TTiAq pownrawmy

sanoy| ¢f
sanofl gy

HE RN

rqel

CEP e Yoos

KINOHL 47

T

poyIA :e3Ep protd

11939K 109

IBULIO[Y) [EnpTsYy [EICL

Ll g o} N

132304 (4
nmnﬁtbmum\—nﬂa. ﬁﬂw«rv Juunt HW:H

=478 L] | il ATt

HREMERE S

SANOH

v b
Cma7 oy
e igals

103841389407

JVp/I0 1E131UE

A | 4

wmxﬂ\ll :Aq paanseay

112430

re(dues 2001
+293EM thuCOD

o o8 |55 SHOHAT ST LT VIS |s] = | o
o 2C]| SIS i OK|IeAL gD |8 L Tis| ] °= % 00/
:a9yy - :
S TAVRS AR o o o7 THLLAL FL|ZE TS Sisls| 9 |%»%
- .% . | >4 - , ; _ _ ; - r\' .
o i D GLERE 7 R LL| AL AR ST<Ts 98 %09
02 < P -
(R/EHN sE 1/31) Ee %% LiALLpL L L]1E8 €8 IR ES <77 .\NMQW
[£301/PIZIUOTUN BIUGULY . . . . ] S . -
REUTRT UG AN TAYYA IRAER LA s|Sls] e | %%
\.UIIWI;.Q'"%Q poansesy a1y B m,h. m.\\ \lﬁN. \..W \:ﬁ~h mﬂ.-w \n.v m m ;v.nﬁu w\u\ﬁwg.v
$19130 ) L2 oF ] s
oo/t sores w00 LH\ 35157 SZ|SLIFZ BIEEIR: Slgls| > | 7P
/4 RECBL oxjuopn
\% N e 96- | ¢L 87 | % 0 j96 L 8% | % 0 |96 ¢l |8% v Q0 |96 2L |87 |%C 0 |96 |2r [87 |%¢ 0 | oquny Z
(EopeD se 1/3w) , 7 Tiifemr D (1/3m) SWSTUESI0 aAT] houtejuo) ] uMJ
SSOUPARH/AITUT T BTV .Mb\ak\u\ché aanjeaadum] d ueBAxQ pon1ossid JO aaquuyy 1891, 000
<k . b\x\%~m& TS Iaquny J1euRg SHIIN
v..mw(\ Sk oS &E\ww.m B M LLCtC €TECE Y 59 ] ! 2« xoquny [ETIRS IUSN[3IE
-gvumm*ﬁcﬁmﬂwuwm.“% 3s9), ~wcoﬁc@>é [EASUTK] Wn_“,wsw u.wmal H(E?Q. ..AN%Q..\QW uud.uumwm\wuwmww%
APy Burun ey 382, s MM: L4
N\\.mﬂ»umﬁ 11013031 10D 2pEg 0T VIV AVESYTG \V\%Q\ﬁ\ \\R\A *wwlvw \._.L*Q\Q\aaﬂu\wuﬁ,« € Aa3unpL




O(/"S)
MICROTOX™ Data Reduction Sheet

. SOURCE: ' 00000 €G\A)\ Sy P

GRAPII
CALC ge A0 1h miN,_1D ey - (.04 Casampre)  myl

SAMPLE DATA:

DATE ASSAYED: CR- O -ED ™E: Q00 v

VISUALCOLOR:  VQARI_ CORRECTION REQUIRED:  YES '
VISUAL TURBIDITY: WML SEPARATION REQUIRED:  YES &0
INITIAL pH: pH.ADJUSTED TO: WITH:

OSMOTICALLY ADJUSTED WITH: MOAS DRY NaCl OTHER

PRIMARY DILUTION OF SAMPLE:
Lt r
operatomi AL L LADUW ) QuvAraceNT vALLOTNO. M (50U

REMARKS:
MICROTOX™ 99% TEST
SAMPLE | % READINGS
CUVETTE [SAMPLE |5 MIN|15 MIN ,
Q < ]\_Qg_d S\LTe Dnpae
0t paw Maoli.wxc‘
C1 e ) |
B e | |3 B34S
C2 lnf‘-) L ' ‘
5 lus |C |5
2 ' : 5 \
o 2 |7 1854 44,0
Ad 2 ?
2 el —-r
B4 95 |5 g P04 (61.9
C4 )
A5 2 -
B5 \
C5 |
ECsp( MN, °C) FHL| 604

REVIEWED BY: zz z
D

ATE: g/cf/?'f



Cut
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