CCWRP has used sensitive
“marine tests 1o measure the
toxwity of wastewater for many
_years. Recent findings from this
research.program indicated large
reductions in wastewaier toxicity
since 1982, documented the .
retative sensitivity of various
methods for meastring toxicity,
and identified effluent from the
Los Angeles Courity Joint Water’
Pollution Control Plant (JWPCP)
-as more toxic than othér wastewa-
ter effluents in southern Califof-
“nia (SCCWRP 1989). Similar
activities conducied dunng
11989-90 were designed to; 1) ex-
pand the SCCWRP historical
database on the effects of effluent
on sed urchin gametes and em-
bryos, 2) compare the sensmvuy
of different test species and - '
endpoints; and 3) examine the

test.

We pammpated in-
lnterlaboratory tests sponsored by
local wastewater d].scharge
agencies (City of Los Angeles,
County Sanitation Districts of Los
- Angeles County, and County -
Sanitation Districts of Orange
County) and the State Water.
Rescurces Conirol Board Marine
Bioassay Project. Sewa_g;: effluent
samples were sent to the different
laboratories for concurrent testing
with a variety of species. Toxicity

tests with sea urchins and bacteria

(Microtox™) were conducted by
SCCWRP; tests with red abalone
and giant kelp were conducted by
the other laboratories.

vanablhty of the sea urchm sperm

{Above} Biologist Steve Bay conducts bioassay test. {Below) Sperm
test using the purple sea urchin Strongylocentrotus purpuratus,




. Tabbe 1.

Materials
and Methods

Single efftuent samples from
the City of Los Angeles Hyperion
Treatment Plant (Hyperion) and

the County Sanitation Districts of -

Orange County (CSDOC) were

- examined for toxicity in August
1989 and March 1990, respec-
tively. Three effluent samples
from the County Sanitation
Districts of Los Angeles County
Joint Water Pellution Control.
Plant JWPCP) were tested in

May and June 1990. All effluent
samples were Z4-hr composites of
final effluent.

The samiple of CSDOC effiu-
ent was treated in a manner
similar to samples tested in.
1987-88. Samples of Hyperion
and JWPCP effluent were treated

- differently from the past however.

The Hyperion sample was stored
at ambient temperatures and
aerated during the 24-hr collec-
tion period; previous samples
were stored refmgerated and net

_aerated. The TWPCP effluent

samples were dechlorinated by
the addmon of sodium sulfite -

prior to toxicity testing; effluent
samples tested in previous years
were not dechlorinated.

Each effluent sample was
tested with the sea urchin sperm
test (Dinnel ef af. 1987) so results
could be compared to previous
SCCWRP data. The test uses
gametes from the purple sea
urchin, Strongyiocentrotus
purpuratus. Sperm were exposed
to diluted effluent for one hour
and then tested for their ability to
fertilize eggs.

Selected effluent samples were
tested with sea urchin embryo and

bacteria toxicity tests-at SCCWRP

Test results for sea archin sperm {% femhzed] sea urchm embryq {% normal -and echlnochrome) and Microtox™ bactena
fluminescence) exposed to sewage effiuent samples ¢ollected in 1989 and 199C. WPCP=loirit Water Pollution Control Plant
{County Sanitation Districes of Los Angeles County}; CSDOC=County Sanitation Districts of Orarge Couniy; Hypenon-.Hypenon
Treatment Plant {City of Los Angeles]. Test respohnses are éxpressed as percent of contro! response Data with astensks { } are
sugmfacanﬂy dlfferent from the control glunnett’s test p<0.05]. i

Effluent % Fertilized % Normal Echinechroime Luminescerice .
_ i 48-hour ~ Absorbance® ' ‘
TWECP
0.56 ( 99 o4 ‘
1.0 160 95 04 ) 96 84
1.8 B [ 4 84 83* : _ 100 99
3.2 _ 8i* 85% - 56* 98 92,
5.6 - - 26* 20
8.0 O* 46% .
Hyperion
0.10 105
£.18 113 94+
0.3 101 )
0.56 113 94
Lo 59 .
1.8 82 84+
3.2 G65%
5.6 : 8o*
CSDOC )
0.10 96 99
0.32 : 100 IOQ
0.56 97 99
0.75 "98 - :
1.0 o7 89% 95 96+
3.2 gG* g2k g2 90*
~ R@ ) 1* 1* 42% T4*
®Absorbance was measured at 495 am




to provide information on the
relative sensitivity of the methods.
Developing purple sea urchin.

embryos were exposed for 48 hrto -

the. CSDOC sample and one of the
JWPCP samples. The embryos
were then examined for develop-
mental malformations and alter-
ations in echinochrome pigment
preduction (Bay et al. 1983).
Toxicity of the Hyperion and
CSDOC effluent samples was also
measured using the Microtox™
test, which measures the effects of
toxicants on the bioluminescent
maring bacterium, Photobacteria
phosphoreum (Beckman Instru-
ments Inc. 1982). Bacteria were

exposcd to the efﬂucnt samples for

30 in.
Tests with each of these spe- -

. cies were conducted at 15°C and a

salinity of 34 ppt. Effluent samples
were diluted with filtered natural
seawater from Redendo Beach to
produce & series of four to seven
concentrations that bracketed the .
estimated no ebservable effect

concentration (NOEC), the highest

- effluent concentration with no
statistically significant evidence of
toxicity. In mest casés, the dilution
" “series also bracketed the calculated
maximumn effluent concentration. -
_ at initial ditution (0.6-1.2%} in the
ocean for the treatrnent plants. A
" reference toxicant exposure {(cop-
per chloride dissolved in natural -
seawater) was included with most’
sea urchin tests to provide infor-
mation on organism sénsitivity
between fests. _

The toxicity of Hyperion,
CSDOC, and JWPCP effluents
was also measured in sublethal
tests with red abalone (Haliotis
rufescensy and giant kelp (Macro-
cystis pyrifera). Tests were con-
ducted at the Marine Pollntion
Studies Laboratory in Monterey
(California Department of Fish
and Game) as part of the State

Figure 1.
Toxicitycfa Coumy Santtation Districts of Grange County efﬂuent sanipie coilected
i March 1989 to sea urchin sperm sea urchin embryos, and Microtox™ bacteria.
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Water Resources Control Board’s

‘Marine Bioassay Project. The red

abalone test is a-48-hr embryo
development test and the giant
kelp tests ate a 48-hr zoospore

germination ad a 48-hr gameto-

phyte growth test. The methods
were developed by the State of
California for monitoring efflu-
ents for compliance with toxicity
liriiits (Hunt et al. 1989). The kelp
and abalone tests were usually
conducted on the samie day as the
SCCWRP tests and used natural
seawater from Monterey for the
effluent dilutions.

Statistical significance
(p<0.05) of test responses relative
to the control was determined

~with analysis of variance and

Dunnett’s multiple comparison
test. Point estimates of effects
were calculated by probit analysis
(EC50) and bootstrap (IC25)

- techniques. Test responses are

expressed as percent of the
control to allow comparisons
between different tests and end-
points,

Results and Discussion
SCOWRP Toxicity Tests

" The toxicity of Hyperion,

© CSDOC, and FWPCP effluents o

sea urchin sperm were similar;
each had a Jowest observable
effect concentration (LOEC) of

3.2% (Table 1), Responses of the
sea urchin embrye and

Microtox™ tests to CSDOC
effluent were similar to the spérm

 test (Figure 1). All of the tests

were strongly affected by 8.0%

-effluent. Sea urchin embryo

development was more strongly
affected at lower effluent concen-
trations than the other tests.

The lowest NOEC was 0.56%
in the Microtox™ tests of the
Hyperion and CSDOC samples.
The relative effect of effluents on
Microtox™ bacteria was not
greater than the effect on urchin
sperm however. The difference in
NOEC values between the two
methods reflects the lower vari-
ability, and thus greater precision,




of the Microtox™ method.

The results of three replicate
toxicity tests of JWPCP effluent
" 10 sea urchin sperm were consis-

tent. Fertilization NOECs ranged
from 1.0to 1.8% and EC50s
ranged from 3.5 to 4.5%.
The NOEC is the toxicity
pararneter of greatest regulatory
_ significance, The State of '

pared by calculating the concen-

tration that produced 25% inhibi-
tion of fertilization (1C25}, 2
technigue recommended by EPA
(Norberg-King 1988). The IC25

approximates the NOEC, but itis

a better descnpmen of reianve
toxicity becaiise it is not as

strongly affected by within-test

California’s Ocean Plan requires

that NOECs for sewage effluents
{measured using approved test
methods) be equal to. of greater
than the effluent concentration

- after initial dilution. "_i"_he sea
urchin sperm test is the only one
of these methods that is-approved
by the State of California for use -
in comphance moniforing. The

NOEC results (1.9-1. 8%) indicate

that all of the effluent samples
were in compliance with the
Ocear Plan toxicity limits: -
Results of current and previ- .
o ous. speml test data were corm-

variability. The IC25 values for
IWPCP effluent samples in 1990
were much higher than those for

1987 and 1988 inehcaung a
“marked reduction in toxicity

(Figure 2), Effinent samples from

© Hyperion and CSDOC had 2

 simnilar to 1988 valyes, but much
higher than values measured in
1987. The temporal pafterns are .

comparable témporal pattem
1989 and 1990 values were

. based on analyses of single

: ‘ﬂrgamsm scnsﬂ:wlty The data are

etililent samples in moOSt cases |
and do not reflect the day-to-day
variations in tomcuy ortest . -

Fﬁgm’e 2.

: hrmted but they provide the only

record of changes in ¢ffiuent |
tomczty in marine Oi‘gamsm fesis.
. The quality of JWPCP effluent

~ has changed over the years as a

result of Centrate removai and
contmuous chionnanon These
changes may have contributed o

_ the decline in toxicity in the sea

urchin sperm test. Reduction in
toxicity of the effluent samples .
between 1988 and 1990 may have
also’been cansed by changes.in

o handhng At the timie of sampling

in 1987, 1988, and 1990, JTWPCP
effluent was chlorinated at levels .
knowmn to be toxic to 'sea wichin

- sperm (Dinne! et.al. 1981); but .
only the 1990 sample was many-
- ally dechlorinated {byJ WPCP).
.. before toxicity tests were ccm— )
" ducted. - -

Chlorlne rcacts with ammonia
1n efﬂuent to form chlorammes &
Chloramipes react with a vatiety ©
of organic and inorganic com- -
pounds during transit from the

- treatinent plant to the ocean ,
ontfall reducing effluent toxigcity.,

Similar reactions probabiy oc-

curied durmg storage (2-24 hr) of:
the 1987 and 1988 effluent
samples before conducting the

Tbxacuty of County Samaataon Dmncts of E.c:s Arigeles County.}omﬁ Water Poiiutuon
. Controf Plant (.iWPCP} cOuntySam&at:oﬁ Districts of Orange County (CSBOC} arnd
City of Los Angeles Hypefien Treatment Plant gHypenong effiuent samples¢ collected
petween 1987 -arid 1990 fo sea urchin sperm. “The IC25 is the effluent coricentra-
tion inbibiting fertilization by 25%: Higher IC25 values indicate lower toxicity. The  toxicity tests. Whether these -
upper. 95% confidence firmit is showrt for ali samples except CSDOC iR 1988, The rcéc'tio‘ns pﬁ)gres"sed o Cgfﬁpie_
- K25 for this sample wasg estimated by a graphical method because the hnghest -
-‘concentration (4%} dﬁd not produce greater than 25% inhibition, The IC25 could
not be estimated for one of the three JW/PCP. sampies for the same redson. " Chlorme t0x1<:1ty cannot be deter—
— : mined because we did not mea-

sure rcs1dua1 chiorme

A
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77

T T I R

© Testresults with the same
effhients on red abalone (emibryo
development) and giant kelp.
(spore germination and gameto-
phyte growth) were similar to the
sperm test, but the relative sensi-
tivity of the tests varied among
effluents. The sea urchin sperm
and keélp growth tests responded
similarly to the CSDOC effluent; .

FZTT

VS
A s =

FERTILIZATION1C25 (% EFFLUENT) - |
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. G788 88 8788 90
. HYPERION. CsSDoC

ol [SIN
B7 BS 90 20
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both tests had an NOEC of 1.0%
(Figure 3). The abalone embryo -
and kelp germination tests were

less affected by the effluent;
neither test detected toxicity at the
~ highest concenfrations (3.2 and
~ 5.6% effluent). The abalone
embryo and sea urchin | spcrm -
© tests-responded similarly to the
Hyperion efflaent sample; both
tests had an NOEC of 1.8% ‘
' (Flgure 4): Kelp spores and -
* gametophytes were less affected
by TWPCP effluent than sea’
urchin sperm. Kelp tests had
NOECS equal to or greater than

C 5.6% (data net shown); while the -

" urchin spermi test had an NOEC
' of 1.8% for the same efﬂuent ‘
sample. :

N Reﬁea‘eme 'E’@mcam Ves&s

The resﬂts of multlpie tests of)

sea urchin sperm-exposed to
copper, a reference-toxicant, '
. varied among’ cxpenmems
(Table 2). Fertilization ECS()S
- ranged from 5 to 31 p,g Cuft.
- (mean 17 ug/l); NOECs rangcd

from 3.2 t6 18 ;.tgfl The variation
. 1§ substantial, but within the rangeg

* reported by other laberatoriés for

= -similar test methods (Weber et al.

1988) The EC50s for our'tests

‘with copper are sirilar to EC50s :

reported by Dinnel ez ai. (1989; .
25 pg/ly—who used the same

method on the same spccxcs—and'.‘

by Weber et af. (1988; 30 pg/)—

who used the sainie method ona -

- different urchin.
- The coefficient of vanauon
. for the copper EC50 data (59%)
" isnear the upper end of the range

-« reported for chronic effluent -

toxicity test methods (15-62%;
U8 E.P.A.1991). This intra-
laboratory variability is somewhat
higher than many E.P.A.-ap-
proved chemistry methods
(10-50%: Rue et al. 1988). The
reference (and effluent) toxicity

. generally accepted modifications
- of the procedure recommended in .

'1987). This procedure was not
- written specifically for monitor- -

- vide strict guidelines for aspects
- of the method that may have

Figure 3.

Toxicity of a Ceunty Sanitation Districts of Ofange County efﬁuent samiple coi!ected
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ducibility (e.g.; sperm to egg
ratio, control performance, and
reference toxicarit use) Some -
of the van_ab;hty in sperm test

. response may have been due to

-changes in these parameters as

well as variations in gamete
sensitivity and copper bioavail-
ability among tests. For example,
the sperm to egg ratio in least

tests were conducted accordmg to
the Ocean Plan (Dinnel ef al. -
ing programs and does niot pro-

important effects on test repro-




 sensitive test (NOEC 18 g/
was three times greater than the
ratio in most of the other tests.
(The concentration of sperm is
varied to insure that the control

- response is within desired limits.)

* This may have reduced the
sensitivity of the test by masking
smaH reductions in sperm viabil-

“ity caused by copper exposure.

The most sensitive test (NOEC =

3.2 ug/) had low percent fertiliza-
tion in control seawater. This may

. have enhanced the sensitivity.of =

. the test because small reductions
-~ in sperm viability due to copper
exposure would be more likely to.
have a measurable Impact on
 percenit fertilization.

'__C@neﬂuséams «

Thc results reported here
- support our earlier findings that
the toxicity of Hyperion and
- CSDOC effluent samples col-
lected in recent years-was less
than the tox1(:1ty of effluent .
* samples collected before 1988 -

- samples.

contribuites to the toxicity of -

(SCCWRP 1989). Using test
species recommended by the -
Ocean Plan, NOEC values for
Hyperion and CSDOC effluents.
are above the effluent concentra-
tions expected in the ocean. These
effluents are unlikely to Cauise
toxicity to planktonic marine
organisms,

The data are msufﬁment to
deterniine if the reduction in
toxicity of JWPCP effluent -
samples from 1988 to 1990 was
due to differerices in sample
handling or te reductions in

- effluent t0x101ty Chioring toxu:ny

in effluent can persist for more
than 24 hr under stordge condi- .
tions similar to those used inthis
study (Nacci et al. 1989) The
initial chlonne conient of the

TWPCP effluent was _probably

much greater than that investi- 5
gated by Nacci et al. (1989); itis -
therefore possible that chlorine.
contributed to the toxicity in thc
1987 and 1988 }'WPCP efﬂuent

- We do not know if chlonnc

JWPCP effluent at the point of
discharge. The reactiveness of

_chlorine and the location of the

point of discharge make it diffi-
cult to obtain a representative
sample. The closest sampling
access to-the outfall diffusers is a
marifold 3 km away. Residual -

_chlorine concentrations in daily
samples of effluent collected at
this location are usually below the -

limit of detection (0.1 mg/l).

- However, occasional samples do -

cofitain chlorine at potentially -
toxic concentrations. Between
March and June 1990, 30% of the

- manifold effluent samples con-

tained detectable- c'onc'entratiens -
of chlorine (CSDLAC 1990)

 Most (75%) of the detectable

concentrations were less. than
0.7 mg/l (median = 0.3, maximum
=72.1). Samples taken at the
manifold ate not representative of

- the discharged effluent, Substan- )
tial reductions in effluent chlonne _—
© concentration ogeur in the .

1.5-2hr transn: time, from the

'mamfold to- the offshorc djffuscrs L

Potentlal toxmlty is further

'Ea%ﬂe 2,

" Test resuits for sea urchm sperm {%- fertlhzed) exposed fo copper chlonde |reference toxicantj. NOEC_no observable effect
concentration {fighest toxicant cencentration that was not statnstucaily sugnnfscant fron the controf]. LOEC=lowest bbservable
effect concentration {Iowest toxicaht concentration that ‘was statlstucally significant from the control) ECSQ-estimated
concentration producmg a 50% reductron in percent fertliizatlon .

Control Number of

~Test Respdn_se. (;.tg Cu/) -

Date NOEC LOEC EC50 % Fertilized Si}erm;_pi:f eg:g -
313/90 g 32 3f 95 S 600
5123190 10 18 24 " 08 200
6/5/90 5.6 10 157 ’ 90 400
6/7/50. <10 10 ©ONC 82 200
621790 3.2 56 5 51 200
6/26/90 56 10 12 - .88 200
ﬂInsufffcient data to calculate an EC50




reduced as effluent mixes with
seawater-during discharge. Chlo-
-rine is unlikely to cause persistent
.toxicity in the ocean, The vari-
ability in chlorine content at the
manifold suggests that laboratory
tests on manually dechlorinated
-samples may underestimate the

- contribution of chlorine to cfﬂu—

ent toxicity.
Sea urchin sperm are sensitive
to chlorine. Reduced viability
occurs at chlorine coneentrations
aslow as 0.001 mg/l (total re- .
~ sidual oxidant) in clean seawater
(Dinnelér al, 1981). This estimate
may not be applicable to diluted
sewage. Chlorinated effluent is
* less toxic to sea urchin sperm
- than equivalent levels of chlorine
in clean seawater (Naccl et a[
-1989). :
~ Our study demonstratas that
the sea urchin spermitest is a
sensitive indicator of sewage
cfﬂuent toxicity and that sperm -
testresults are comparable t0° -
“other specms Sensitivity of the
sperini test was similar to bacteria
(Microtox™); kelp spores, red

‘abalone embryos, and sea urchin
“embryos exposed to effluent

samples. Anderson (1989) and
Nacci er al. (1991) obtained
similar results. The sensitivity-of
red algae, mollusc embryos,

.mysids, and juvenile fish is -

similar to, or greater than, the-
sensitivity-of the urchin sperm to

samples of municipal wastewater.

There is concern over the

reproducibility of chronic toxicity
tests such as the sea urchin spermi

test. The reference toxicant data
for-the sperm test presented in -
this report illustrate the variability

- in test results: The data aré lim-
'ited and may nof accurately

represent the reproducxblhty
expected with this test in a moni-
toring program. Between-test
variability in response can be
reduced by doing more tests, by

" delctlng data that do not meet .

quality assurarice. standards for
control performance (within-fest

- prekision), and refercnce toxicant
. sensitivity. :

Quality assurance cntcna are

 not presently available for ;he

sperm test as they are for other
toxicity tests in the California

_Qcean Plan. In some cases,

decisions about the acceptabﬂlty

~ of test data are left to the discre-

tion of individual laboratories.
The U.S.E.P.A,, the State of
California, and the Southern -
California Toxicity Assessment
Group are developing quality
assurance criteria for the sea
urchin sperm test that should
reduce variability. '

" Chronic tests are important
measures of effiuent quality

~ becatise test organisms are Sensi-

tive to changes in toxicant

‘bivavailability, integrate multlple

toxicant effects, and demeonstrate
sublethal effects on aquatic biota.

These characteristics increase the.
. potential for variable results .

compared to. conventional analyti-

“cal chemistry procedures. The

advantages and limifations of
toxicity tests should be carefully
considered when regulations are- -

" éstablished and when momtormg ‘

data are 1ntelpreted _
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