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EXECUTIVE SUMMARY
Quarterly toxicity bioassays were conducted on \&ai.er samples collected from‘the Santa Clara
RiVer, San Gabriel River, and Calleguas Creek drainégés. Test spgcies included fish (Pimephales
promelas), invertebrate (t’efiodaphnz’a dubia) and algae (Selenastrum capricornufum). Both acute
and chronic toxicity was demonstrated with all three orgaﬁsms -on a frequent basi$ and was
confirmed with Toxicity Identification Evaluafion (TIE) procedures. Suspected toxicants included
metals and organié chem_icals such as pesticides. Elevated aInm;)hia concentrations may also have

contributed to toxicity in sbine cases. In addition, fish collected from Calleguas Creek and the San-

~ Gabriel River exhibit increased incidence of lesions in various organ systems that are consistent with

exposure to toxicants.

Collectively, these results unders;:ore that aquatic.life beneficial uses are impaired in certain
reaches of these waterways. HoWever, the severity and frequency- of the respohses suggest that
conditions could be improved considerably by a program of toxicant identification and source
reduction and/or treatment. Thus, more intensive sampling m conjunction with TIEs and
increasingly sensitive analytical chemistry is likely to be productive in terms of identifying t.oxic_alﬁts,
their sOurcéé, and temporal varia\tions' in théir concentrations in the receiving water. The
effectiveness of source control and treatrﬁent would be detérmined on the basis of follow-up

monitoring programs.
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INTRODUCTION
This study addressed water quality in three watersheds of the Los Angeles Region.
Followihg United States Environmental Protection Agency (EPA) guideiines for toxicity tests in
freshwater systems (EPA, 1989) chronic toxicity was evaluated in the Santa Clara and San Gabriel
Rivers and Call_eguas Créek. o |
Thé Santa Clara ant.i San Gabriel Rivers (Figures A & B) draiﬁ large areas of the Los Angcles |
Region. During dry weather, ﬂows in many r:eaches (lipper Santa Clara and lower San Gabriél) of
' the-se ﬁveré consist primarily of reclaimed water from municiiaal wastewater treatment facilities
(POTWs). | Municipal waste watér treatment facilities, their locations and average daily discharge
are shown for Santa Clara River and Callegﬁas Creek (F ig. C) and for San Gabriel River (F 1g D).
~ Additional flows are - derived from industriél point sourcés and nonpoint sources, incl_uding |
‘agricultural and urban runoff. Parts of the Santé. Clara River feceive flow from rising ground water. |
Calleguas Crégk (Fig. A) drains the Oxnard Plain; the watershed is largely agricﬁltural but there are—
also four POTWs located within the drainage ‘-(F ig. C). Land uses associated with the different
watersheds are shown in Figs. E and F. ’As Figuré E shows, much of the areas immediately adj acent
to the mid to Iower reaches of the Santé Clara River and most areas of Calleguas Creek are 1n
“agriculture. There are scattered urban and industrial areas, but agriculture prédorrﬁnétes. In addition,
scattered areas associated with sand and gravel mining and oil extraction are also present in the Santa
Clara River drainage. While the upper_feaches of thé San Gabriel River remain in é fairiy natural
state, thé middle and lower reaches are dominated by urban and industrial uses. |
A wide vériety of beneficial uses are designated for the various reaches of these three ri{/ers
in the Regional Board’s Basin Plan (California Regional Water Quality Control Board, Los Angeles

4



" Region 1994). These include several'beneﬁcial uses (reachsspeciﬁg) which pertain to the .prote‘_ction .
of instream aquatic résources: warm freshwater habitat, cold freshwater habitat, wildlife habitat,
migration of aquatic organisms, spawning, repfoduction, and/or early development, rare, threatened,
'or endangered species, and preservation éf biological habitats.
The 1990 State Water Quality Assessfnent Report classified rﬁost of the Saﬁta Clara and San

Gabriel Rivers as "intermedia"ce.;' This classification was baséd primarily on impairment or threat
to beneficial uses of ﬂlese waters. In add.itioh,l the tidal prism of the San Gabriel River was classified -
as ‘-‘impai:ed” due to bio-accumulation of metals in ﬁsﬁ tissues.. The 19.92 Water Quality
Assessment revised the classification of the lower San Gabriel River to- impaired due to high
' ammonia lévelé and ‘e‘lcute toxicify found ip an EPA study (N orberg;King and Engléhpfn, 1990).
Calleguas Creek is also listed as "inﬁpaired" due to high levelsof pesticideé in sediment aI;d biofa.

The major dbj ectives of this study were to:

1. Determine‘ whether aquatic life beneficial uses are impairéd in the Santa Clara aﬁd

San Gabriel Rivers and/or in Calleguas Creek.' |
2. | Tést the usefulness of chronic toxicity studies, coupled with tréditional Water quality .

data, for assessment of water quality.

3. Identify specific pollutants and sources responsible for ambient toxicity in these
waters.
4. - Provide recommendations for practices or regulatory controls which can be used in

toxicity reduction.



To achieve these obj eétives? the'stﬁdy comprised t.he-following tasks:

This task reviewed existing reports and data on the watersheds to p?ovide background for
interpreting the analytical and bioassay results. Information on land use and point and non-
point discharges were mapped to provide further understanding of poteﬁﬁal sources of toxic
inputs to the watersheds.

In this t‘ask,' bioassays were ‘conducted quaﬁerly using (EPA, 1989) prdcedures for
conducting short-term téstg to evaluate chronic toxicity. Test o,rganiéms were fathead
minnows (Pimephales promelas), cladocerans (Cerzodaphma dubza) and green algae
(Selenastrum capricornutum). Data from these tests were used to identify the frequency and
severity of toxicity. In addition, based on the sampling location, 'candidate sources of

toxicity could be derived.”

Task 3: Toxicity idenification evaluations (TIES

Phas_es> 1 and 2 TIE procedures were applied to selected toxic samples to provide additional
information on the characteﬁstics of the toxic constituen’;(s). Wheére possible, these daﬁa
were coupled with thpse from land use and discharge.- locaﬁ0;1 to further identify possible
sources of contaminants. |

Task 4: Hi hological i .. ion of field- bt fish -

Histological in§estigations ‘were conducted on fish sampled from the San Gabriel and '
Calleguas Creek watersheds. The presence of histologic alterations was used to assess the

health of fish living in the watersheds from which the water samples were collected for

toxicity testing.



. This final report describee\ the results of the data' review, toxicity tests, TIEs, and
histopathological studies conducted on samples from Calleguas Creek and the Santa Clera and San
Gabriel Riyers. It also includes mape for eachv of 'the watershede and suggests i)ossible sources of
toxicity as well as recommendations for further studies to:pinpoint specific causes and sources of
toxicity. Detailed methods and results for the toxicity and TIE portions of this study have been
submitted previously in a series of querterly reports (Appendii A), which include the raw data
associated with the individual testing events. Hevs}ever,_ﬂle work related to the histopatholegical'
studies -is treated in greeter detail because the methods and ﬁndings have not been described
'previeusly. The overall findings and fecommendations associated with the study are presented on

the basis of individual watersheds.
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MATERIALS AND METHODS
Historical Data Réviefv
Copies of reports describing the San Gabriel River and prévious findings of toxiéity Wére .
submitted to the Aquatic Toxicology Laboratory, IU.C. Davis Iby the‘RegiOnal Board Contract
Manager. These were reviewe& and smmzed to pro_vidé a historiéél perspective on toxicity |
studies m this Watershed. Maps detailing land use information were qbtained from the Depaftment

of Water Resources. The information on the maps was reduced in scale and incorporated into maps

of each watershed.

Toxicity Studies

Samples were c;ollectéd quarterly from each watershed. There were a t@tal of twelve
sampling sites in the San Gabriel River watershed. These were sampled in June, Septeﬁber and
December 1992, and also in March 1993. There Were six sampling éites in the Calleguas Creek
arainage. These \‘Ne're sampled in July and October 1992 and in January and April 1993. There were
eight sites sampled in the Santa Clara River Watershéd. These were sampled and tested in
conjunétion with samples from Calleguas Creek. | |

Grab samples, 100% riyer wat¢f, were used for all tests. Samples were collected by Regional .
Board Staff in 2- and 4-liter gIass bottles apd shipped overnigh‘; on ice to the Aquatic Toxicology
Laboratory at U;C. Davis. At Da;\zis, they Wwere stored in the dark at 4°C. Testihg was initiated on
~ all samples within 48 hr of collection. The bioassay methods followed published United States _
Environmental Protection Agency guidelines (EPA, 1989) for conducting short-term chronic toxicity
tests with freshwater organisms. The test species were fathead minnows (Pimephale& promelas),

14



- a cladocéran (Ceriodaphnia dubia) and a green algae (Selenastrum capricornutum). Brief

descriptions of the procedures follow.

Fathead Minnows - ten < 24-hr post-hatch fathead minnow larvae were exposed in 250 ml

_ sample waté_r"m each of four replicate 600-ml beakers. Test solutions were renewed on a daily basis

by draining approximately 80% éf the soluﬁOns ﬁom» each beaker and reﬁlﬁng the bgaker with fresh
sample. Mortalities were monitored dail-y. fl/’he fish were fed Artemia haupl ii '3X' daily énd the test
was conciuded éﬁer seven-days of exposure. At termination, the surviving fish were aﬁééthetized
with MS-222, rinsed and dried to coﬁstant Weighf. Dry weights for each replicate Weré determined |
with a Mettler Model AE100 balénce. Test endpoints were survival and growth. |

Ceriodaphnia dubia - ten < 24 hr neonates were exposed individually to each sample in 20

‘ml giass scintillation vials. Test solutions were renewed on a daily basis by caiptun’ng each neonate

in a pipet, discarding the old solution, adding new solution, and‘réplacing the neonate. Any young
pfesent were counted and discarded‘prior to adding fresh solution. An algal:trout chow mix was
addéd to the fresh solutions oﬁ a daily basi; to ptovide nutﬁtion for tl'_m test orgahisr#. The exposure |
lasted seven days. | T¢st endpoints were survival and producﬁon of YOung.
Szlmaﬂum_captmamwzum - foui replicate 250-ml Erlénmeyer flasks were used for éach.
sample. Samples Wém filtered through 0.45 u prior to testihg. Each flask contained 100 mls of

sainple and an initial inoculum 0f 10,000 cells/ml. Each sample was spiked with nutrients prior to

-exposure. During exposure, the flasks were maintained on orbital shakers (100 rpm) under constant

illumination (400 ft candles). The position of the flasks on the shakers-was changed 2X daily to
minimize position effects. The exposure was terminated after four days and cell numbers were
measured with an electronic particle counter (Coulter Electronics). The test endpoint was cell |

15



numbers.
| Controls - control procedu:es for the fathead minnows and C. dubia were similar to the
procedures described above for the test soiuﬁons except that the test organisms were maintained in
laboratory reference water (SSEPAMH) and diluted Institute of Ecology well water (Dilute EI). ‘
SSEPAMH was prepared accordmg to EPA moderately hard standards by addmg the spec1ﬁed four
salts to Sierra Spring water. Dilute EI was made by d11utmg laboratory well water to EPA
moderately hard standards w1th glass-distilled water. Algal control water was prepared by adding
EPA nutrient salts (w/o EDTA) to glass distilled water. The algal medium was ‘passeld through a
0.45 pm filter prior to use.
Water quality Was monitored on freshl& 'prepared samples used for‘ renewal and on the 24-hr-
‘ old solutlons Measurements included dlssolved oxygen (0- and 24-hr samples), pH (0- and 24-hr
samples), conduct1v1ty (0-hr samples), and hardness and alkahmty (O-hr samples). Total ammonia |
(as mg/L NH;-N) was measured if test organism mortality was > 50%.
Reference Toxicity Tests
- Monthly reference toxicant tests, using dilutions of NaCl, were eonduEted with all three test
species as part of our onerall Laboratory Quality Assuiance Program initiated in 1992. Tests were
condUcted in the laboratory reference waters as described above. Appendix I provides information
- on those tests run concurrently‘ with assays descri‘oed herein.
In cases where the parametric assumptions were met, mortality, growth, reproduction, and
cell numbers in the sample ’waters were compared to perfonnance in the control using Dunnett's Test

16



in the analysis of variance. In cases where parametric assumptions were not met, Kruskal-Wallis.

or the Wilcoxon Two-sample Test was used to differentiate between control ‘and treatment effects.

Toxicity Identificat_ion Evaluations |

Selected Phase 1 and 2 TIE procedures (EPA, 19855; EPA, 1985b) were appliéd to toxic
samples to characterize the cause of toxicity. The treated solutions .We're then exposed to the test
érgarﬁs'ms to see Whic;h of the treatments removed the toxicity.

Manipulations of sample pH may enhance, reduce or eliminate effluent toxicity. Compounds
whose toxicity can be pH dependent inélude metals and ammonia. Effluent pHs weré eiﬂ1é_r lowered
to pH 3 with 0.01 - 1.0 N HCl or elevated to pH 11 with 0.01 - 1.0 N NaOH. The pHs of all pH
adjusted samples weré returned to their initial measured pH prior ib introduction of the animals. |

”fhe presence of chelatable materials in the effluent, including divalent metals, was evaluated

by adding dlfferent volumes of 0.02.M EDTA to 10 mL portions of the sample (EPA 1991) If
| matenals such as copper, were present at tox10 concentratlons the EDTA should selectively bind -
them and reduce their biological availability. .Under these conditions, treated s,amples that contained
metals should have exhibited less toxicity.

Different volumes of 0.16 MlNaZSzO3 were added to the samples to determine if oxidative
compounds (such as chlorine) Weré present. Some metals will also. be éhelated by this reagént.
Smples were aiso aerated to determine if the toxicant was volatile or oxidizable.

To evaluate the contribution of non-polar organic chemicals, including pesticides, to toxicity,
200-mL i)ortions of each sample were passed through 3-mL SPE (C-18) columns (Baker) at a flow .
rate of 10 mI/min with a positive ﬂbw pump. The qolurhns were subsequently eluted with MeOH

17



and an aliquot also tested for toxicity to determine if the sorbed maferial could be removed from the -
column. Becauée C-18 columns selectively remove nén-polar‘ organic materials from solution,
reduced toxicity in the filtrate suggests thét the original toxicity was due to orgahi_cs that partitioned
onto the column. For Phase 2, the SPE columns were eiuted with 25, 50, 70, 75,80, 85, 90, 95 and
100% methanol:.water solutions. . Toxic ' fractions were sul;miﬁeci. to Eureka Laboratories,
. Sacramento, CA, for chemical analysis to identify éandid_ate toxicants. |

Chemical Analyses

Selected toxic samples were sent for chemical analysis .to Eureka Laboratories, California.
Not all analyses were conducted with every sample submitted. Methods used to analyze orgaﬁjc

toxicants were:

Organochlorines and PCBs - EPA method 8080
Organophosphates EPA method 614
Carbamates and ureas EPA method 632

Thiocarbamates EPA method 630
Methods used to analyze inorganic toxicants were:

Arsenic - EPA method 7060

Mercury _ . EPA method 7470 .
Metals - - EPA method 6010

- Selenium ' : EPA method 7740

18
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* Histopathology

Background and Scope : S .
- - Environmental studies using fish as sentinel organisms are not new with investigations

reported of varying magnitude (Brown, et al., 1979; Christensen, 1980; Hodgins, et al., 1977;

‘Murchelano, 1982; Sindermann, 1979; Sparks, 1972; Wellings, 1969). In each of these, analysis of

histologic_élterations played a major role.

‘McCarthy and Shugart (1990a) reviewed difficulties in estimating the extent-of exposure to

toxic chemicals in the environmental and attributing adverse health or ecologicé.l effects to such

exposure. Due to the above difficulties, i'nte\rest'has been grbwing in an approach that evaluates
~N -

exposure and effects of environmental chemicals and bther'stressogs by the use of ;'biological

markers" in resident fishés. These biomarkers have been defined (McCarthy and Shugart (eds),

1990a; McCarthy and Shugart, 1990b) as "measurement of body fluids, cells or tissues that indiéate |

in biochemical or cellular terms the presence of contaminants or the magnitude of the host response."

Histopathology has a 'maj or role in this approach. Recently, (Hinton, et al., 1992) evaluated various

histopathologic biomarkers and categorized them as "present" or "future." Present markers were

those produced in laboratory exposures of fishes to speciﬁé chemical toxicants and thds_e that were
later veriﬁgd in field studies where the' same toxicants were found to be elevated in sediment or
biota. Certain of the biomarkers are included in the EPA's Ecological Monitoring and Assessment
Program (EMAP).

General Approach

With a thorough prior knowledge of normal fish anatomy, the investigator uses histological
analysis to detect alterations in tissues and organs (Hinton and Couch, 1984) caused by éxposure
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to toxicants. When the concentration of a toxicant is sufficient to result on_ly in cellular injury, but

-' -not in death of the cells, sﬁt;lethal (adaptive) ché.nges may be observed in affected cells. On the other '

~ hand, death of cells without death of the organism is followed by a series of cclh_ﬂér reactions and

host responses. When tissues are properly fixed iminediately after the animal is euthanized, -
toxicant-induced, antemortem necrosis can be differentiated from postmortem changes in the overall
org.a.n. In a similar fashion, Goede and Barton (1990) have developed a necropsy-based approach

to assess fish health and condition. In that examination, grossly observable alterations on surfaces

.o'f fish and on their mesenteries and walls of body chambers and on principal organs heart, gills,

thymus, kidney, gonédls,‘ gut and pancreas are examined.

A combination of the necropsy-based approac%h and the histological condition index was used
in this stﬁdy. Alterations from. the expected normal gross anatomy and microscopic anatomy of
resident fishes, fathead minnow (szephales promelas) goldfish (Cyprinus carpzo) white croaker
(Genyonemus lineatus) mosquito ﬁsh (Gambusia affinis), and tilapia (Tilapia sp. ) were included in
the mvestlgatlon. All collection 51tes except Coyote Creek at Willow Street were below POTWS.
An immediate qﬁestion is the ability of fish to m@ve about and be positioned above or below the site
of efﬂuent. Such movement could render interpretation as to site-aséociated causality difficult.

In general, the purpose of this portion of the invéstigaﬁon into chronic toxicity within San
Gabriel and Santa Clara Rivers and Calleguas Creek was twofold. First, to determine whether
histopathologic biomarkers indicative of exposure to énthrbpogenic chemicals would be found; and_
second, to determine the overall m1croscop1c anatomical condition (i.e., health) of these resident
ﬁshes We asked the question "Were alterations present? If so, did prevalence differ with respect-
to site?" In addition, we were able to differentiate between alterations tha’; were likely more directly
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felated to infectiOus disease and/or its sequel, inflammation, and those that Wefé more likely related
to toﬁcant exposure. In some instancés, the two (hfec@qﬁs disease and alterations dué to toxicant)
may be related. Parasitic disease secondary to debilitation and immunosuppression of the host may
have made itself manifest under the conditioﬁs of this study. Fish culturists are awaie thata ya:iety

of environmental stressors affect the immune system and result in disease outbreaks and mortality.

~ Anderson (1990) reviewed immunosuppression ahd disease and cited various challenge tests (metals

and corticosteroid drugs) that demonstrated suppression of disease resistance in exposed fish. Field
investigations with redbreast sunfish (Lepomis durz‘tus) in a Tennessee stream receiving a single

point sbu_rce industrial discharge including PCBs and metals, revealed greatest alteration in a battery

~ of bioindicators at the discharge site and a downstream gradient at three subsequent sites. Volume

of tissue occupied by parasites was greatest and functional tissue volume lowest at the discharge site -

-suggesting depression in host resistance (Adams, et al., 1989).

The ability to compare and contrast results in different sites was someWhat facilitated by the -
finding of sufficient numbers of fishes éf the same speci;:s.' The bulk of the fish included in the
study were fathead minnows followed by tiiapia gnd, then, the other species.

Fish were collected by electroshocking or netting and rapidly transported to ;che bank where
necropsy was performed. During necropsy, fish were rapidly opened with scalpel and scissors and
placed in fixative solution (Bouin's fluid). This facilitated, by direct qbntact with various.internal _
organs, penetration of ﬁxative.v Upon idénﬁﬁcation of individuéls as to species and site, fish were
placed in ten volumes of ﬂuld as above and stored until Uanspoﬁation to UC Davis. | At the UC
Davis laborétory, fish Were removed from Béuin's ﬁxative solution, rinsed in 50% ethanol, and
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stored in 70% ethanol until time of further processmé Each fish was cut, with a clean fresh razor
blade into nght and left halves by a midline incision from tip of snout through the caudal end of
celomic cavﬁy. A transverse section was made 1mmed1ately caudal to the celomic cavity and this
port-ion of the fish was discarded' after examinatioﬁ for gross anatomical lésions. In this way,
parasagittal sectiéns through head contained: epidenhis and dermis; sub_dermél connective tissue;
Iéteral' .line éahals; snout; -eye; occasional olfactory 1améllae; brain including telencephalon,
mesenéephaloﬁ, aﬁd rhombéncephalon; spinal cord; Branchial cavity with gill érche_s and thymus;
pharyngeal; esophageal, and stomach or cranial intestinal bulb portions of digelstive tract; head
kidney; and inner ear. Larger specimens included a minimum ‘of two sections through‘the head and

two sections through trunk. In smaller specimens, trunk and head remained attached. Parasagittal -

- sections of trunk segments included the following important visceral organs: stomach or intestinal

\

bulb (fathead minnows. and goldfish), intestine; liver; gallbiadde‘:; exocrine pancreas; mesentery;

- celomic cavity wall; heart; pericardial cavity; occasional head kidney; trunk kidney; gonad; epaxial

and hypaxial skeletal musculature, nofochord, and spinal column. In addition, many of the sections
contained portions of swimbladder. By orienting the sectioné in a midsagittal plain, we were able
to gain information from the. majority of the major organs of individual fish. |

All ﬁssueé for histopathologic an;cllysis_ were dehydrated by passage through a gfaded series
of ethanol solut1ons cleared in xylene, and embedded in paraffin. Upon embedment, parafﬁn blocks

were sectioned at 6-8 1 thlckness and resultant tlssue sections were stained by hematoxylin and eosin

- (H&E) for routine survey. Without knowledge of the site, each of the histopathologic slides was

read by a skilled examiner and changes from the normal microscopic anatomy were described for
each individual fish. Later, the percentage incidence of alterations was established for each of the
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collection sites and representative lesions were photographed fbr demonstration of alterations in the
final répo;t. |

Due to the fact that large numbers of fish were made available at one time, some of the
individual fish in the study underwent autolysis (necrosis following the extincﬁon of life) and
therefore certain cellular alteraﬁons 1n intestinal loops, gﬂl, and ventral stomach, of some ﬁshes-ﬁere
not detectable due to éutolysi;. However, maj or. lesions affecting architecture of these organs were

possible to-detect despite autolysis.
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Baékground

The headwaters of the San Gabﬁel Rivér arise in the San Gabriel mountains. Its drainag;
basin includes thg eastern one-half of the Los Angeles basin and the river enters the Pacific ocean
near Seai Beach. Since the 1930s, the rivef has been heavily managed; both dams and concrete and
' ri'p—fap modifications have extensively aitered the streambed and flow cha;acteﬁstics of the river.
In fact, flows in tl;e lower 60'percent of the river are comprised primarily of effluents from sewage
treatment plants, industrial dischargesé and urban hon—point éource run-off (SDLAC 1990).

Iﬁ 1990, EPA condﬁcted a series of toxicity bibaésays on sample$ from the San Gabriel River
(N orberg-King and Englehom, 1990); ‘Thé test organisms included fathead mi;mows, Ceriodaphnia
dubia, and duckweed (Leﬁna sp.). .- Two of the three 'samplés collected in March 1990 produced

~ acute mortality with fathead minnow larvae and C. dubia. Interestingly, neifher. Qf these two samples

R affected duckweed, but the remalmngsample, which was collected upstream, rcdﬁced'ﬂlé number

~ of fronds on duckweed plants by about 40% when compared with the control (Norberg-King and
Englehorn, 1990). The etiologic agent(s) responsiblé for alterations in the test species were not '

defined. -

For samples collected in June, waters from the _sarhe two sites again significantly reduced the
j : _ _
‘survival of exposed fathéad minnow larvae and C. dubia. In addition, reproductive output of C.
dubia exposed to the third sample was reduced approximately 25% when.compared with the control.
No effects on duckweed wereldbserved With any of the three samples (Norberg-King and Engelhorn

1990).

25



San Gabriel Riv_er

' Samples were also collected and tested in August, '1990. The two downstream sites again
produced acute effects on survival .of both fathead minnow larvae and C. dubia. The upstream
sample also reduced the reproductive output in C. dubia over 25% when compared w1th the controls.
Similar to results ohtajned with the March, 1990 .s'ample, duckweed ﬁ/ond production in the upstream
sample was also reduced when cornpared with the control (N orberg-King and Englehom, l990).‘
Since these workers used no TIE follow-up; the agent(s) responsible are not knotyn.

Ina communication to the Regional Board, the Sanitation Districts of Los Angeles County

.commented on the results of the NOrberg—King and Englehorn (1990) tests described above (SDLAC

1990). The major issues raised were pH in the bioassays and precise location of the sampling points

for the two downstream sites located below two of the District's discharge points for treated

» mun1c1pal efﬂuent The Dlstnct suggested pH may have been high enough in b1oassay media to

result in toxrcrty from umomzed ammonia., The District also pointed out that their permits allowed

a chlorine residual in the river from some distance downstream of the discharge points. Thus, if
samples were collected in the designated reach, and not dechlorinated prior to testing;, the chlorine .
residual may have been sufﬁclent to cause toxicity.

With respect to the sites sampled in this study, the following descriptions apply. The lower

river is concrete-lined and is dominated by tertiary-treated effluent from three POTWs. SG-2 and

SG-5 measure this water. SG-1 is slightly downstream of these sites and is located in a semi-natural

~ area that has some tldal mﬂuence SG—4 is located ona concrete-lmed tnbuta.ry (Coyote Creek)

composed pnmanly of urban runoff SG—3 is further downstream on Coyote Creek and also receives

discharge from a major POTW.

26



| ~ San Gébriel River

Moving upstream, SG-6 is in the mid'die reach of the river \ivhere the channel is unlined. This
flow is primarily from one to two (depending on diversions) upstream POTWs. SG-7ison a
tributary (Sén Jose Creek) and is severel miles downstream of a major POTW. This site also contains
’urban runoff, and may have some other sources. SG-8 is located on another lnbutary (W alnut Creek) )
and primarily measures urban runoff from a highly eommerciaiized/industrialized area. /This site
" occasionally receives upstream releases of "clean" drinking water by the Metropolitan Water
District. Further upstrearri, SG-9 receives releases from ups’rream reservoirs and some urban ruhoff. :
SG 10-12 are feirly prisiine mountain etrearns which.are heavily'uSed recreationally on weekends
and in the summer. “A diagram (Fig. .G) of ihe sites and photographs -portraying these sites are

located at the end of the section on the San Gabriel River.

The results of toxicity tests' are summarized in Table 1 presented at the end of this seoiioh.
Beg;innihg at the upstream portion of\the Watershed at site SG-12, located on the West Fork of the
San Gabriel River, survival of fathead minnow larvae was reduced only orice, a sample eollectedin
December, 1992. Growth was reduced in tests with the sample collected in September, 1992. 'i"here
vsiere no adverse effects on ceriodaphnid reproduction or suxvival 1n any of the samples tested from
this locatlon Algae also d1d not exhibit adverse effects in samples from SG-12.

Samples from site SG-11, North Fork San Gabriel River, did not affect the surv1va1 of

' fathead minnow larvae or C dubza However minnow growth was reduced m the September 1992 |

sample and C. dubia reproduction was inhibited in the sample collected in March, 1993. Samples"
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from site SG—ll produced no effects on algae. _

J , Samples collected.from site SG-10, East Fork San Gabriel River, did not affect fatlread
minnow survival, C. dubia survival and reproductiorr, or algal cell numbers._ However, the growth
| of falhead minnow larvae was reduced in the éeptember, l992 sample frorrr this site.

Samples fror_n site SG-9, San Gebriel ,l{iver at_Foothill Blvd., were not ‘tested W1th all three
speciee in one of the testing events (12/3/92). The fathead minnow test uses the most sample volume
- per test requirlng tests to be resﬁicted to algae 'and ceriodaphnid. Insufficient lest water at the time
of assay arose due to a broken container during shipment; However, none of the samples te_s'ted
producéd'evidence of adverse effects. |

The survival of fathead minnow larvae expos'ed to samples from site SG-8, located on Walnut
Creek, was reduced in the March, :l 993 sample. 'Gro.wth was reduced in samples collected in
September and December,‘ 1992. No C. dubia survived eﬁposure fo samples coue&éd from SG-8
in Jurre and -December, 1992. Algae exhibited no adverse effects in any of the samples collected
from this site.

- Fathead minnow survival was reduced e.t site SG-7 , located on San J oee Creek, in the sample
collected in December 1992. Growth was reduced in the Septerrlber l992 sample. There were no
effects on C. dubia or algae when exposed to any of the samples from site SG-7.‘ | |

Samples from site.SG-6 San Gabriel Rj\rer at Peck Road were only collected in December

1992 and March, 1993 Growth of fathead minnow larvae a.nd reproducuon of C. dubza were both :

. reduced when exposed to water collected in December 1992 at this site.

- All of the species were affected by all of the samples collected at site SG—S, the San Gabriel
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River at Willo& Road. The effects were appreciable, with zero 'sprvival in C. dubia’ in all of the
testing events, and in fathead minnow larvae, zero survival in three of the four events. - Algal cell
numbers were reduced to levels less than 30% of the control values at site SG—S .

The survival of fathead minnow larvae exposed to water from site SG-4, located on Coyote
Creek, was reduced in samples collected m June, 1992 and‘ March, 1993. There were no adverse
effects observed m C. dubia, but algal cell numbers were reduced in the Ma;ch, 1993 sample ﬁom
site SG-4. This reduction exceeded 90% compared with the control. | |

The survival . of fathead- miﬁno_w Jarvae exposed to vsfaters ‘from site SG-3, loca_fed
dewnstream of SG-4 on beote Creek, was reducied'in samples eolleeted in ‘Jun'e and December,
1992. Growth was also reduced in the samples collected in Septémber, 1992.. Total mortality
occurred in C. dubzfa exposed to all of the samples collected frer)n this site.b Algal cell numbers we;e
B fedueed When” égboséd to'. svanvlples eellected 1n Septem‘t;er aﬁciiﬁecemee:r,- 1992 aﬁd in March, 1993
from site SG-3. |

Samples from site SG—2, located on San Gabriel River near the end of the low ﬂew channel,
reduced the survival of fathead minﬁow larvae in each of the testing events and mortality exceeded
95% in three of the four events. None ef the C. dubia exposed to samples from this site survived
~ the 7-day~ exposure period. Algal cell numbers were reduced markedly in each sample tested from

site SG-2.

Samples from the tidal pnsm of the San Gabriel River (SG—l) reduced fathead minnow

»survwal in all of the testlng events The surv1va1 of C dubza was also reduced in the June 1992 and A

{

March, 1993 testing events. Algal cell numbers were reduced in all of the testing events with water _

samples from this site.
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Toxicity Identiﬁcaﬁoh Evaluations |
The results of TIEs condu'cted‘on samples from the. San Gabriel River are summarized in
Tébie 2. A sample collected frbm site SG-2 in. J uné, 1992 exhibited total mortality within 24 hc;urs
to C. dubia. This sample was 'ext;actcd with an SPE column and the column eluted with different
‘ methanol:water fractions. All toxicity was removed following SPE treatment and tﬁe toxicity was
present in the 80 and 85% methanol fractions. This sample was retested to determine the effects of |
other treatments. When adjusted to pH 3 toxicity was ;emoVed but-it remained at pH 11. Aeration
also removed toxicity, but treatment with EDTA and sodium thiosulfate did not.
A sample collected at site SG-2 in Septémber, 1992 produced 100% mortality i'n.C. dubia.
within 48 hrs. 4This sample Wés ohly treated with EDTA 'which appeared to partially deléy the
| mortalitj/. However, the significance of this result is difficult to judge since no other treatments were
run on this sample. |
A sample collected in December, 1992 at site SG-2 produced 100% mortality in C. dubia
within 48 hrs Toxicity appeared té be lower at the time the TIE was conducted, so it was difficult
to evaluate the results of all of the TIE tféatments agajnst background mortality. Nonetheless, 100%
mortality occurred in the 85% inethanol:water fraction, and 80% .mortality oqcurred in fhe 90%
memanolzwater fraction. Thus, an orga;ﬁq constituent WAS agaiﬁ imélicated as thq cause of toxicity.
These methanol fractions were subsequently tréated with EDTA, Which_ had no‘effect; further |

suggesting an organic material as the cause of toxicity. -

| A éérhple frbrh sit.eVSG-2 cbllected in March; 1993 demonstrated toxicity to both fathead
minnows and C. dubia. pH treatment had no effect on the ;coxicity of the samples to C. dubia, nor
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did treatment with EDTA, sodium thi-osulfate, or aeration. However, the SPE column 'removed the
. toxicity which rvas recovered in a methanol eluate from the column. Thus, an organic constituent
* was again implicated as the source of toxicity to C. dubia. Unfortunately, by the time the TIE was
performed with fathead minnows (13 days after collection), insufﬁcient toxicity remarned in the
- sample. | | |
A sample collected from site SG-3 in June, 1992 produced 100% rnortality in C. dubia within
24 hrs. Aeration eliminated the toxicity as did ﬁltration and treaunent with SPE column. EDTA and |
sodium thlosulfate had no effect on toxicity. Treatment with pH 3and 11 postponed the onset of | ,
death. No methanol elution of the column was made but the lack of effect of EDTA and sodlum |
thiosulfate suggest that the toxic constituent was not a divalent cation or an oxidizing agent.
Another sample from site SG—3, collected in September, 1992 produced 90% nrortality in C.
dubz’a within 48 hrs. This sample was treated only with EDTA u/hich may have reduced the onset

of toxicity for 24 hrs.

A sample from site SG-3 collected in December, 1992 alé_o exhibited toxicity to C. dubia.
Treatment with an SPE column ehminated the toxicity, which was conﬁrmed in a methanol elution
of the cohrmn.f Treatment with pH 3 and 11, aeration, and ﬁltration appeared to postpone the onset
of the effect, but EDTA and sodium thioeulfate had no effect. These data suggest that an organic |
constituent was responsible for t'oxilcity.

A sample from srce SG—S (J une 1992) produced acute mortahty in C. dubza Aeration at pH

) 3 reduced tomcrty, as d1d ﬁltratlon at pH 3, and treatment Wlth pH 3 alone pH 11 had no effect on— |

toxicity, nor did sodium' thiosulfate. Treatment with SPE colurnns also reduced the toxicity and
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EDTA may have poétponed the onset of effects by 24 hrs. No metnanol elution from the column
was made. | |
| Another sample from site SG-5, collected in September, 1992 also exhibited toxieity to C.
dubia. EDTA was the only treatment applied to this sample and may nave postponed the effect for
24 . |
| Another sample obtained from this site in becember, 1992, also produced mortality in C.
dubia. Filtration reduced tokicity as did treatment wfch SPE celumns. Toxicity was confirmed in
the 85 % methanol fraction eluted from ﬂle column. These data suggest that an ofganic ehemical wasl
responsible Vf.or the ebserved effecth.l |
A sémplc collected from site SG-5 1n March, 1993 produced toxicity to C. dubia and fathead |
mMinnows. Treatment w1th pH 3 and 11 had no eﬁect on the tox1c1ty to C. dubia. Similarly, EDTA,

aeration, and sodlum thlosulfate also had no effect on toxicity. Treatment w1th SPE column reduced

' the tox1c1ty and toxicity was confirmed in the methano\l elution of the column. ‘ Unfortunatel_y,

toxicity was no longer manifest in this sample to fathead minnows when the TIE was initiated 13

days after collection. ' )

A sample collected from site SG—8 in June, 1992 produced acute mortahty in C. dubia.
Treatment w1th an SPE column elumnated the toxicity but no methanol elution was run. Treatment
with EDTA and sodium thiosulfate had no effect on toxicity. Treatment with pH 3 and 11 and

aeration may have reduced the toxicity. These data suggest that an organic constituent was

tesponsible for toxicity. . . . T

A sample collected from site S'G-S.in December, 1992 initially exhibited toxicity to C. dubia

but no toxicity remained when the TIE was initiated four days later.
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Chemical Analysés

Chemical analyses results are shown in Table 3; Hardness values are‘ given in Téble 3for
all chemical analyses that defected metals in the samplé. Chemical results by date are discussed
below.

Ceriod_aphnid mortality was 100% in waters collected from SG-8 on June 3, 1992. Of the‘ '
pesticides detected, ciiazinori Iat.é concentration of 3.6 ug/l was approximétely 9X above the
ceriodaphnid LC50 (Bailey et al., 1996). Passage of the sample through a C18 colﬁmn ‘removed.
toxicity to ceriodainhnids, indicating that the source of toxjcity was an organic.

| Both famead minnows and ceriodaphnids were significantly affected by a sample collected

- from SG-2 on September 9, 1992. Based on EDTA TIE manipulations with ceriodaphnids, a metal

scan of the sémples was conducted. Metals detected were barium, molybdenum and zinc. Metal

tbxicity is dependent on a number of biotic and abiotic factors, therefore, it is difficult to determine

if one or more of these metals were responsible for the observed toxicity, however, with respect to

© zinc, 4 day EC50s for Chlorella vulgaris and Chlorella sqcéarophila were 2400 and 7100 pg/l

(Reyés et al. State of Califonﬂa Regional Water Quality Board Report, in prep.). No hardness values
were reported for either of these'zinc values. For ceriodaphnids, acute zinc toxicity was observed
at 32 ug/l and a hardness of 45 mg/l as CaC.O3 (Reyes et al., State of California Regional Water

Quality Board Report, in prep). A life-cycle test using fathead minnows conducted at a hardness of

" 46 mg/l resulted in a chronic value of 106.3 ug/l (Reyes et al; State of California Regional Water

Quﬂity Board Report, in prep). Hardness of SG-2 collected in September was 220 mg/1 as CaCo,.
Like SG-2 collected in September, only ceriodaphnid EDTA TIEs were cqnducted on the
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sample collected at SG-3 on September 9, 1992. Analytical results were srmllar to SG-2. A metals
scan detected barium, molybdenum and zinc. Metal toxicity is dependent ona number of biotic and
abiotic factors, therefore, it is difﬁci]lr to determine if one or rrlore of these metals were responsible
for the observed toxicity, however, with respect to zinc, 4 day EC50s fer Chlorella vuzgaris and .
Chlorella saccarophila Were 2400 and 7100 g/l (Reyes et al, State of California Regional Water
Quality Board Report, in prep). No hardness values were repoﬁed for either of the.s-e zinc values.
For ceriodaphnids, acute zinc toxicity was observed at 32 g/l and a hardness ‘of 45 ,rrrg/l as CaC?O3
| (Reyes et ai, State of California Regional Water Quality Board Report, in.prep). A life-cycle test
usmg fathead r§11ﬁn0ws conducted at a hardness 0f46 mg/l resulted in a chronic value ef 106.3 g-g/l |
o (Reyes et' al, State of California Regional.Water Quality Board Report, in prep). Hardness of SG-3
| c.oilected in Seprember'was 200 mg/l as CaCO3.
‘Both ceriodaphnids and algae were significantly affected by rhe sample collected ‘at SG-5on
| September 9, 1992. _Only ceriodaphnid EDTA TIEs were conducted. A chemical analysis of the
sample .detected three metals, barium, moliybdenum and zinc. Metal toxicit& is dependent en a
number of biotic and abiotic factors, therefore, it is difﬁcultt"o determine if one or more of these
metals wereresponsible for the observed td){ieity, however, with respect to zinc, 4 day EC50s for
: Chlorelia vulgarz‘s‘ and Chlorella Saecarophila were 2400 and 7100 /rg/l (Reyes et al, State of
Cahforma Regronal Water Quality Board Report m prep) No hardness values were reported for
elther of these zinc values. For ceriodaphnids, acute zinc tox1crty was observed at 32 ug/landa
'hardness'of 45 mg/l as CaCO3 (Reyes et al, State of California Regronal Water Quahty Board. “

Report, in prep). A life-cycle test using fathead_ minnows conducted at a hardness of 46 mg/1
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resulted in a chronié value of 106.3 ug/l (Reyes et al, State of California Regional Water Quality
o Boérd Report, in prep).' Hardness of SG-5 cdllectéd in September W;as 200 mg/l as CaCO%.

Both ceriodaphnids .and faﬂlead minnows were significantly affected by the sample collected
on December 2, 1992 at SG-2. Due to the loss of sample toxicity, TIEs conducted with
ceriodaphnids were inconclusive. The waters collected from thls site were analyzed for metals and - |
6rganophosphate pesticides. Three metals, barium, Iholybde'num-and zinc were détected at this site.
| No organophos\phate pesticides were detected. .Resultls of phase II TIEs indicated that the cause of "
toxicity may have been an organic. .I.f an organic was responsible for toxicity, then if may have
‘decbaye»:d toa éoxicentratioﬁ bélow the deteétion 11m1t aﬁd led to the negative TIE ges‘ulvt‘s.l .‘

" All three species v@re]:fe significantly affected by the sample collected on December 2, 1992 |
at SG-3. Ceriodaphrﬁd TIE results indicated an organic as the. som;ce of toxicity, however, no
organdphosphaté pesticides lwere detected, ﬁbwever, ﬂﬁee metals, barium, molybflen_um and zinc

were detected.

Histopathology -

fish were collected from four sites in the Jower San Gabriel River watershed. The sites
inqluded Coyoté Creck above and below the Long Beach wastewater treatment plant outféll, the San
Gabriei River at the conﬂﬁeﬁce of Coyote Creek, aﬁd from the tidal bﬁsm at College Park Drive.

The sites and fish speéies collected are summarized below.
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Collection Sites, Identiﬁcaﬁon Codes, Fish Species, Nuxﬁber of Indivic_hials for
Histopathology Studies in the San Gabriel River and its Tributaries

Site Fish Species Number I ,

.
Coyote Creek at Willow Street (above - Tilapia sp: - 19
outfall) ' Gambusia affinis- | -~ 3
Coyote Creek below outfall Tilapia sp. 15
San Gabriel River Tidal Prism at Tilapia sp. . - 21

confluence with Coyote Creek just
south of end of ‘concrete channel

San Gabriel River Tidal Prism at Tilapia sp. 30
College Park Drive -Genyonemus 1
' lineatus

"Fish from this site were collected using boat and suspended gill nets

Fish collected at this site included 19 tilapia (Tilapia sp.) and 3 Gambusia aﬁinis.

"Inﬂammatory foci-of both the eyé including chofoid and optic nerve and the trigeminal nerve were

obséryed at equél fpeqﬁency (27%). These inflammatory foci invol\red either eosinobhilic granular
leukocytés or macrophages containing similarly staining granules. The ihﬂammatory cells‘were
clusfered around 'the‘qhoroid rete, the optic nerve (Figure 1, Histopathology ‘ﬁgu;es located at end
of this section), the trigeminal ganglion, the trigeminal nerve and its branches, and associated areolar
conneéctive tissue of the adjaceﬁt head (Figures 2 and 3). Alterations in glial cells produced a
swollen appearance around nerve axons. A 5% frequency of gill pafasitism primarily involviné
lamellae and filaments was observed. No evidence of necrosis and of aneurysm formation was seen.

Inflammation of the gill and adjacent branchial cavity wall (inner epithelial layer covering
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- operculum) was seen at 27% incidence. The buccal cavity roof in one fish showed extensive

infiltration of eosinophilic granular leukocytes (Figure 4). One of the individuals studied showed

adhesions and granuloma formation within the peritoneal cavity and involving adjacent mesentery.

_ Inflammation of mesentery was present at a 9% frequency. A nematode parasite was in the gut |

lumen of one,_ﬁsh (Figure 5). Within livers, 3 of the 22 indi.viduals showed beriﬁepatic venous |
inﬂaxnmation and necrosis (a 14% ﬁeqﬁency) (F igure 6). More than half of .the ihdividualé showed
glomerular and tubular regeneration. However, the extent of this condition was judged to be within
normal limits. | Fourteen percent of the individﬁals analyzed showed tubular epithelial hyalit;e
granules. These gramular formations occupied the maj ority of the cytoplasm of these cpithelial cells.

This apparently degenerative response was associated wn:h further change in 18% of the individuals '

| examinéd. This adyanced change invoived calcification of tubular epitheli‘um (18% frequency). In

~ addition, inﬂémmatdry foci within inferstitium of kidney were observed at equal frequency to tubular

calcification. Heart, specifically atrium, showed Signs of alteration (Figure 7.
Coyote Creek Below the Quifall
Fifteen tilapia were collected from this site. When the head region of one of these fish was

sectioned in a parasagittal plane, various organs could be identified and analyzed (F igure 8). Figure

9 shows those organs that are visible in a parasagittal plane through the trunk region of the fish.

Eosinophilic granular leukocyte infiltration of eye was seen in one fish. However, the same type of

inflammation mubh more frequently involved the trigeminal nerve (73% frequency). In the gill, no
parasités were observed. ‘However, necrosis of mitochohdria—rich cells was seen with 2 33%
frequency. 'Ihe gills were free of aneurysms. In addition to necrosis of mitochondria-rich cells, the
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paverﬁent feSpiratory eﬁithelial cells of the secondary laméllae were also necrotic (frequency =27%)
(Figure 10). Inﬂam‘mation,of 'gill and branchial cavity was not observed. Thg livers of these fish

~were free of alterations. In addition, there were no adhesions, granuloma, or.inﬂémmatory foci
w1thm the peritoneal cavity and/or its fﬁesenteries. Hyalin dege?neration of kidney tubulér epifhelial
cells (Figures 9 and 11) was seen at high frequency (60%). The skin was free of inflammatory foci.
Sections thro&gh gut revealed no parasites and food particles were observed in all of ;che fish
examined iﬁdicating their recent feeding status. | The stomach.was free of lesions. In one fish, an
atretic ovarian follicle was observed. Inﬂammaﬁon of the buccal cavity epithelium was seén ata
~ frequency of 13%. Hyperplaéia of the gas giand epjthelium and debris WLtth the lumen of tﬁe gland

was seen at a 20% frequency (Figure 9).

San_Gabriel River Tidal Prism at Confluence with Coyote Creek just South_of End of _

Concrete Channel

A total of 21 ﬁlapia (Tilapz'd sp.) were céllected at this Site. The central nervous system was
free of alt_eration.' Extensive inflammation of the trigeminal ganglion was observed with cells that
.had characteristics of eosinophilic granular leukocytes. An alt'ernativé would be that.the cells were
macrophages having phagocytosed eosinophilic granﬁles. Whateyer the exact nature of the éell, the
process was Mmatow in nature and involve(i the'uigenﬁnal nerve and its branches. ’"ll‘hle cells
in question Wére associated with a swollen feature of the nerve indicating damageAt‘o the glial cells.
The freciuency of this abnormality was 33%. Gill necfosis was observed in 3 of the animals studied
“and this im;ol‘ved mitochondria—rich (chloride) cells apd pavement respi;atory epithélium. The

frequency for this lesion was 14%. No aneurysms of the gill were found and no parasites were
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observed. No lesions were seén within the'peritoﬁeal cévity and .an absence of adﬁesions and
éanulomas within this space was obsefved. No liver alter’ations: were encountered. Inflammation
of gill arches and braﬁéhial cavity‘epithelium was observed in 2 of the individuals studied. The
frequency of t;his alteration was 9%. Two of the individuals showed renal pathology. Iﬁ one of .
- these, extensive severe tubuiar epithelial h&aliﬁization had occurred. This was associated with
disrup,tibﬁ of the néphron wall at that'site. In another individual, interstitial inﬂammation was
observed. Skin necros%s was found in 2 -of the 21 ammals observed. . Oﬁe gut parasite was found and

. .appeared to be a tapeworm. No changes were seen within ovary or testis, aﬁd the buccal epitheliuni
was free of change. No alteratim}s' were observed inv,exocrine pancreés, heart, and pexicafdial .
cavities. - | .

. A total of 30 tilapia (Tz'la.pié sp.) a;nd 1 White croakgr (Genybnemus Zineati(s) were examined.
from this site. Histopathdlogié eXaminatioﬁ revéaled severe inﬂammation in submucosa and circular
muscuiaris of ﬂle‘stoma:ch (Figures 12 and 13). The inﬂamniatory cells were eosinophilic granulér )
leukocytes or macrbphages which contained eosinopiailic granules. In addition to this change, the
 white .croaker showed mild inflammation around bile structlués in the liver and inflammatory
response in the wall of the heart. In addition, macrophage aggregates Wefe present in the liver at a
frequency of 3 per 10 X ﬁéld. The White croaker also showed mild inflammation of the gill and two
flukes (parasitic trématédes) were attached to gill structures. In the 30 tilépia, fairly coﬁsistent
involvemént of the eosinophili_c granular leukocytes in inflammatory foci ar;‘nmd the trigerhinal

~ ganglion and branches of the trigeminal nerve were seen. The frequency of this lesion was 30%.
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In addition to the changes within thé 5th cranial nerve, alterations were seen in gills that indicate;d
that 3 of the 30 individuals showed aneui'ysm formation in blood vessels of secondary lamellae. In
addition, inflammation of gill arch and filaments anci adjacent regions of ’die branchial ca;viiy wei.ll
Weie seen. The frequency for this lesion was 17%. Inﬂaminatiori of the liver in areas adjacent to
arterial si:ructures and large tributaries of the hepatic venoué system viiere seen (Figures 14 and 1‘5).
"Iiie_hxﬂammatory celis were usually éosinophilic granular leukocytes (F igure 16). The ﬁequéncy
for this change was 13%. Two of the fish showed inclusion Bodies w1thm hepatocytes (Figure 16). |
These were i;uite frequently seen and Were close in resemblénce tov the tubular epithelium hyaline
 granules of the kidney. In addition, 4 fish showed interstitial inflammation of the kidney and 5
showed extensive-degeneration with tubular epiﬂieliiim»shdwing hyaline change (Figure 17). _The
freqliency for the latter was 17% Some of the tili)ular degenerative changes had advanced to the |
formatioii of tubular deposits of calcium and this characterized 2 of the 30 individuals (Figure 17).
Heart ventricular mineraiization was also seén (Figure 18) in 4 of the 30 individuals examined. | Skin
necrosis involved 2 of the 30 inciividuals aﬁd was a consistent change in the affected fish. A large
skin lesion was observed on one tilapia (Figures 19; 20, 21). One ﬁsh showed ei parasite within the

gut lumen.

~ Summary of Findings
Because sampling and testing were conducted on a quarterly basis, the data set imposes
limitations on the extent of conclusions that can be drawn. For exampie, only very limited

conclusions can be drawn with respect to the frequency of toxicity at different sites, the causative
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toxicants, as well as seasonal trends. Nonetheless, it is possible to compare upstream and
downstream sites with respect to overall frequency of effects, the species involved, the association

of the different sites with POTWs, and the characteristics of the toxic constituents found in the TIEs.

* Finally, the histopathologic conditions may be compared bétween the four sites that were sampled.

il

Although the TIE portion of testing emphasized samples that caused acute mortality to C.
dubia, virtuaﬂy all of the resu}ts implicated organic chemicals as Qausing toxicity. These results.
suggést an organic toxicant that is labile atl low pHs. One candidate chemical, the organophosphéte
pest.icide,ﬂdiaz:inon, is lgbile at low pHs, is removed by SPE columns and elutes in the 80-85% range
of methal;ol. Used primarily for u;Ban and agxictilfcuial pest control, this pesticide is also found m
effluent from POTWs. | |

| Ammonia levels were also generaily elevated at SG-5 and sites located further downstream.
Earlier work suggested that ammonia may play é. role in toxicity in this watershed (Norberg-King
and Englehorn, 1990). However, no TIEs were conductedAby EPA to conﬁrm the éontfi_bution of
ainmonia to toxicity. ' |

Collectively, thesé data suggest that water quality in this system is impaired and that there

" is an incremental downstream gradient to toxicity. Generally, sites above SG-5 were associated with

intermittent toxicity that affected only. one of the test species ina given testing event. Th'.e,exceptionv
to this is site SG-8, which was located on Walnﬁt Creek, a uibutary of the San Gabriel River. This
site exhibited more consisteﬁt ftoxicity and, in particular, was highly toxic to C. dubia in two of the
four testing events. The land use map suggeéts urban and industrial sources may contribute to
toxicity at this sife.
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Convefsely, beginnjhg at SG-5, multiple species were affected within fhe same testing event
and the effects were generally large. The fact that all three spec1es responded suggests that multiple
tomcants were present in the samples In a notable exception, samples from SG-4, a fributary to the
main n'ver, generally exhibited less toxicity than samples ccllected from the main river in this same
| reach.
Inflammatory foci of both eye and the fifth cranial or tlle t1igeminal nerve were prominent
findings in fish collected from Coyote Creek above the outfall at Willow Street. It would be
. .impossible to directly attribute this infectious process to-toxicity (chers and Gaines Jr, 1975;
Wo]lce, 1975). However, evidence is accumulating which indicates. that metals and some organics
such as polychlorinated biphenyls interfere with the immune system of tl1e host (Anderson, 1990;
Zeeman aIld Brindley, 1981). With‘ a compromise in the inimulle system, parasites and bacteria may
~ establish infestation (Anderson, 1990). It is possible that the infectious lesions of eye and trigeminal
nerve reflect prior immunoincompetence. Hawkes and Stehr (1982) reported lesions of brain and -
eye in embryo surf smelt exposed to crude oil.' An additional finding was inflammation of the liver
in perihepal:ic venous sites. This condition could have followed prior hepatocyte necrosis (Hinton,
etal., 1992; Meyers and Hendricks, 1985). Fourteen percent cf the individuals analyzed showed
| tubular epithelial hyaline granules. This condition is degenerative axld is often asSociated with
necrosis of tubular epithelial cells (Meyers and Hendricks, 1985). Further stages of the process were
indicated by the blue; calcified foci in tubule walls.” This tertiary repair followed cellular necrosis
(Reimschuessel, et al., 1959; Reimschuessel, et al., 1990). Renal tubular cellular necrosis is a

manifestation of exposure to various toxicants including salts of metals (Meyers and Hendricks,
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1985) and may correlate with water column tox101ty in.the thrée species tests. Even'if the ,
inflammation was not associated with contaminants, the fact that a sizeable fraction (25%) of the fish
examined showed disease, indicates that the fish are comprormsed and would likely be endangered |
further by deterioration of water quality (Sindermann, 1593). |

" Inthe fish from the downstream site of Coyote Creek below the outfall a higher percentage
(73) showed 1nﬂammat10n of the trigeminal nerve. Also, necrosis of mitochondna-nch (chloride)
cells and pavement epithelium of secondary lamellae were seen. Gills of fish from contaminated.
sites (Hinton, 1993a; Hinton and Lauren 1990; Sindermann, 1993) have been shown to contain

various lesions and necrosis in the above cell types is a common finding. Also kidney tubular

epithelial cell degeneration was present at higher prevalence than at the upstream site. Taken

together, it would appear that fish below the outfall show evidence of tissue alterat‘ion which is

higher in prevalence and more severe than at other sites. Clearly, these fish are not normal and

would likely be susceptible to additional stress from deteriorating water quality.

| Additional studies of upstream and downstream sites in the San Gabriel River Tidal Prisrn

 revealed toxicity. Inﬂammatory lesions were prevalent at about 30% in ﬁsh from both sites. Gill

ox1c1ty reactions were seen at equal frequency. In the upper site, only two fish showed extensive

tubular epithelial hyalrmzation of kidney while 5 of their counterparts from the lower site were

- positive for the same lesion. In addition, the lesions had advanced in the downstream affected fish

to the point at which tubular deposits of calcium were prominent in two fish. Heart ventricle also

showed mineralization, a likely sequel to Systeniic infection (Ferguson, 1989). Skin necrosis, likely

a direct result of toxicity in the water column characterized two of the 30 fish at the lower site.
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The analysis.of fish collected from the San Gabriel River and its tributaries suggests that a
sizeable portic;n of the individuals are victims of infectious disease and 2 smaller portion reveal signs
of toxicitj. Thésé are not healthy ﬁsh aﬁd theﬁ tissue conditjons do not resemble.those of ﬁshes
from reference habitats previously inyestigated by this group (Adams, et ﬂ., 1989; .Ashl‘ey, 1975;
Baumann, et al., 1987; Brown, et al., 1979; Ellis, 1985; Ellis; et al., 1978; Hinton, et al., 1984b).
Epithelial necrosis of gill and skin are adverse effects likely assogiated with toxicity Wlthm the water-

column (Hawkes, 1977, Meyers and Hendricks, 1985; Ribelin and Migaki '(éds), 1975).

' Recommendations
Although thé data are limited to 'oniy four testing events, ‘thé results suggest impaired water
- quality, Aparticularly in the lower _portibn of the watershed. Toxicity was prirharily evidenced by
effects on C. dubia, but fhe ﬁsh and algae were also affected. The relatively 'pgor water quality
demonstrated by 'th.e toxicity tests was corroborated by the histological findinigs Which indicate’d that
fish collécted’ in these areas exhibited ﬁssﬁe damage consistent with compromised water quality.
Iﬁ general, the TIEs uﬁifofml_y 'implicated non-pblar organic chemicals as the source of
toxicity to C. dubia. In casés where methanoi:water fractionation was performed, the toxic ﬁactions
.were contained in the 80-90% methaixol fractions. These fractions are qonsistent with organic
compounds such as the o;ganoph;)sphate pésticides diaziﬁon and cylofpyrifos. Although purely
.speculati\}e with respect to causing toxicity in these particular sarnples? these fwol pesticides are
widely useci in urban applications and freqﬁently reach acutely toxic concéntrations in stormwater

"and POTW discharges. The presence or absence of these chemicals could be ieadily confirmed
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* using current research methodology.

The consistency of toxicity even in the limited sampling program described herein suggests
that water q;lality 1n the San Gabriel River sheuld. be markedly irhpreved by a program that identifies
toxicants ﬁresent in the river in conjun&ion with a follow-up program to reduce their concentrations.
Consequently, amore intensive sampling program should be implemented. This should also provide
greater clarification of the r01e ammonia plays Wlth respect to adverse water Ciuality./_ Based on

toxicity, samples should be subjected to TIEs to determine which constituents, 'including. ammonia

- and pesticides, are major contributors to toxicity. By implemehting Phase IT and III TIE precedures,

using sensitive analytical chemistry methods, it should be possible to determine the identities of
these toxicants. Once these .constituents are characterized, programs aimed at reducing their
c_oncentfations should be implemented, in conjunction with follow up monitoring to evaluate the

program's effectiveness.

45



| Diagram and Photographs of Sampling Sites

San Gabriel River
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SG-1 SAN GABRIEL RIVER TIDAL PRISM AT 405 FREEWAY

6/3/92
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PELICANS IN THE UPPER SAN GABRIEL TIDAL PRISM JUST SOUTH OF
CONCRETE LINING '
97197192
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SG-3 SAN GABRIEL RIVER AT END OF CONCRETE CHANNEL
(COYOTE CREEK SIDE)
6/3/92

DOWNSTREAM VIEW TOWARD TIDAL PRISM
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CLOSE UP VIEW
OF WATER AT
WESTERN EDGE OF
COYOTE CREEK
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SG-5 SAN GABRIEL RIVER AT WILLOW
613192 ’



-7 SAN JOSE CREEK AT WORKMAN MILL ROAD

SG

[P

WATER APPEARS VERY GREEN DUE TO ABUNDANT ALGAE
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SG-7
SAN JOSE CREEK.
AT WORKMAN MILL ROAD
9/9/92



SG-8 WALNUT CREEK AT BALDWIN AVENUE
6/3/92

AT THIS TIME VISUAL ASSESSMENT .SHOWED NUMEROUS MIDGE FLY LARVAE
AND AN UNPLEASANT ODOR WAS DETECTED
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SG-9 SAMPLING SITE ON SAN GABRIEL RIVER AT FOOTHILL BOULEVARD
6/3/92 '
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SG-9 SAMPLING SITE ON SAN GABRIEL RIVER AT FOOTHILL BLVD
9/9/92
DRY
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SG-11 NORTH FORK - SAN GABRIEL RIVER
6/3/92
(ACROSS FROM PARKING LOT)
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~ SG-12 WEST FORK - SAN GABRIEL RIVER
6/3/92
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Summary Tabulation of Toxicity Te’sfs and TIEs

San Gal_n‘iel River
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San Gabriel River

Table 1. | Summary' of toxicify tests conducted on samples from the San Gabriel
River Watershed ' : :
' Test Date | TestDate | TestDate | TestDate
‘ Site Parameter 6/4/92 © 9/10/92 12/3/92 3/4/93
SG-12 | Fathead Minnow ' ‘
Survival (%) 98.3 100 69.3" 93.3
Growth (mg) 0.448 0.302° 0.407 0.596
Ceriodaphnia
Survival (%) 100 100 - 100 " 90
Reproduction 30.7 24.7 26.78 24.9
Selenétstrum cap.
Cells/ml 3443360 A 2372060 1883 180 2093053
SG-11 | Fathead Minnow
Survival (%) 951 100 81.7 100
Growth (mg) 0.493 - 0.165" 0.37 0.545
Ceriodaphnia
Survival (%) 100 90 100 100
Reproduction 243 25.9 231 | 183
Selenastrum cap.
Cells/ml 2927093 2271120 2001560 2175100
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| Table1.

Suminary of toxicity tests conducted on samples from the San Gabriel

River Watershed
Test Date | Test Date Test Date Test Date
Site Parameter 6/4/92 9/10/92 - 12/3/92 3/4/93

. -

SG-10 | Fathead minnow _
Survival (%) 100 100 N/A 96.8
'Growth (mg) 0.477 0.14 N/A 0.539
Ceriodaphnia
Survival (%) 100 . 100 90 100
Reproduction 25.6 23 20.5 25.8
Selenastrum cap.
" Cells/ml 2872453 2214860 | 1798240 2259073
'SG-9 { Fathead minnow ‘
Survival (%) 96.9 N/A N/A 100
Growth (mg) 0.4 N/A N/A 0.552
Ceriodaphnia
Survival (%) 100 - N/A | 100 100
Reproduction 25.2 N/A 22.5 212
- Selenastrum cap. ‘
Cells/ml 3671720 N/A - 1298180 2261153




San Gabriel River (

Table 1. Summary of toxicity tests conducted on samples from the San Gabrxel
River Watershed ,
Test Date Test Date Test Date Test Date
Site | Parameter °6/4/92 9/10/92 12/3/92 3/4/93
SG-8 | Fathead minnow
Survival (%) 98.3 95 98.1 85"
Growth (mg) 0.483 0.343° 0.306° 0.495
Ceriodaphnia - -
Survival (%) 0" 100 0" 100
Reproduction 0 34.1 0 28.9
Selenastr_;lm cap
Cells/ml 2225973 1777600 1055800 2046573
SG-7 | Fathead minnow
' Survival (%) 90.3 - 87.9 70 933
Growth (mg) 0.505 0.298" 0.369 0.508
Cefiodaphnia
Survival (%) 90 88.9 100
Reproduction 27 23 27.9 33
- Selenastrum cap.
Cells/ml 3090940 1451380 2006780 755493




San Gabriel River

Table 1. Summary of toxicity tests conducted on samples from the San Gabriel
: River Watershed }
. Test Date Test Date | Test Date- Test Date
Site Parameter 6/4/92 - 9/10/92 . 12/3/92 3/4/93
SG-6 Fathead minnow
Survival (%) - N/A N/A 85.1 91.6
Growth (mg) N/A N/A 0.249 0.554
Ceriodaphnia
Survival (%) "N/A- - N/A 100 100
Reproduction N/A N/A 0 25
Selenastrum cap.
Cells/ml N/A - N/A - 1510080 2367420
SG-5 | Fathead Minnow
Survival (%) 0’ 79.2 . 1.5 0°
: o
Growth (mg) 0 0.242° 0.025 0°
Ceriodaphnia
Survival (%) 0° 0 0 0’
Reproduction 0’ 0" 0 0
Selenastrum cap.
Cells/ml 45440 463940 72500 35980°
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9/10/92

12/3/92

| Table 1. Summary of toxicity tests conducted on samples from the San Gabriel
: River Watershed ‘ ,
Test Date Test Date Test Date Test Date
Site Parameter 6/4/92 3/493

| G R S e S R |

Cells/ml

SG-4 | Fathead Minnow
Survival (%) 56.8" 88.3 -~ 91.8 80°
Growth (mg) 0.487 0.349 0.336 0.484
Cerioddphnia
Survival (%) - N/A 100 80 100
Reproduction - N/A 30.1 23.1 | 213
Selenastrum cap.
Cells/ml 2434260 1604100 - 1192400 38080"
SG-3 | Fathead Minnow
Survival (%) 70 79.8 49" 96.7
Growth (mg) 1 0.345 0.229" 0.247" 0.452
Ceriodaphnia -
Survival (%) 0" X 0’ 0°
Reproduction 0 I’ 0 3.4°
Selenastrum cap.
2622560 797840° 974520" 140473"




San Gabriel River

Table 1. Summary of toxicity tests conducted on samples from the San Gabriel
' River Watershed ' :
| Test Date Test Date Test Date Test Date
Site Parameter 6/4/92 1 9oz | 12392 3/4/93

' SG-2 | Fathead Minnow o o ,

Survival (%) 0" 70" 1.6" 0"
Growth (mg) 0 0.242° 0.125 0°
.| Ceriodaphnia . o
Survival (%) 0 0" 0 0
Reproduction 0" 0.4 0" 0
RELS
Selenastrum cap. _
Cells/ml 46040 808480 63780 42306
SG-1 | Fathead Minnow
Survival (%) 0 33.9° 15" 6T
Growth (mg) 0 0229 | 0.446 0.183°
Ceriodaphnfa
Survival (%) 0 90 90 0"
Reproduction 8.7 28.5 209 04"
Selenastrum cap. |
| Cells/ml 465780 579520 569960" 43120°

~
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| Table 1. . %Tx;n%rgtgfstﬁﬁéclty tests conducted on samples from the San Gabriel
| Test Date Test Date Test Date Test Date
Site Parameter 6/4/92 9/10/92 12/3/92 3/4/93
Control | Fathead Minnow '
Survival (%) 98.3 95 98.3 100
Growth (mg) £ 0.435 0.422 0.433 0.502
Ceriodaﬁhnia
Survival (%) 80 100 100 - 100
Reproduction 225 242 213 23
Selenastrum cap.
Cells/ml / 2875120 1576940 1268520 »7971-5.3‘ ‘

*= Significance @ P < 0.05; sée'Methods for statistical tests.
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Table 2. Summary of Results of Toxicity Identification Evaluations

Species
6/3/92 Cerio
9/9/92 | Cerio NT | NT | NT N/T
12/2/92 | Cerio * * * +
35393 | Cerio - - | ot N
3/3/93 | Fathead * * N/T .
SG-3 | 6/27/92 | Cerio sa | +a + - - + + + | ~T
9/9/92 | Cerio Nt | N | N +- Nt BNt | NT | NT N/T
12/4/92 | Cerio +a +a + . - +/- /- + B+
SG-5 | 6/3/92 | Cerio + -+ +a . e | e |+ N/T
9/9/92 - | Cerio NT | NT | NT | +a N/T NT | NT | N N/T
1212/92 | Cerio NT | NT | N N/T NT - § Nt + + +
3/3/93 ‘Cerio . - N/T . N i NT N
3/3/93 | Fathead * * N/T * * * NT | *
SG-8 | 653192 | Cerio VA . . : e oNm |+ NIT
12/2/92 | Cerio * * + * * + * * *

Key: N/T Not tested += Test passed -=Test falled

+/- = Ambiguous results
* = Sample no longer toxic at time of TIE

a =24 hour dela 3/ in mortality -

++ = Test passe

using helium and air
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San Gabriel River

Table 3. Results for San Gabriel River
(6/92 to 4/93) ' A
Date Sample ID . - Hardness/ ug/l (ppb) Detection
Sampled (Site #) Eureka Laboratories Alkalinity A Limits (ppb)
6/3/92 - SG-8 g-BHC (Lindane) . 0.011 0.009
Diazinon 3.600 . 0.600
9/9/92 SG-2 Barium Hardness =220 30.0 20.0
Molybdenum Alkalinity = 55 30.0 20.0
Zinc 30.0 10.0
9/9/92 SG-3 Barium Hardness = 200 30.0 20.0
' Molybdenum . Alkalinity = 55 20.0 20.0
Zinc 40.0 10.0
9/9/92 SG-5 Barium Hardness = 200 30.0 20.0
Molybdenum Alkalinity = 50 20.0 200
Zinc 30.0 10.0
1212192 SG-2 Barium Hardness = 300 60.0 20.0
’ : : Molybdenum Alkalinity = 260 30.0 20.0
Zinc' ‘ : 100.0 10.0
No organophosphorus pesticides
detected S
12/2/92 SG-3 Barium Hardness = 280 40.0 1200
Molybdenum Alkalinity = 240 20.0 20.0
Zinc’ 70.0 10.0
No organophosphorus pesticides
detected '

*Zn was found on the method blank, but not greater than three times the detection limit.
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Illustrations of Histological Lesions
- San Gabriel River

Figure§ 1-21
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RESULTS

CALLEGUAS CREEK
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Calleguas Creek

Background
Calleguas Creek drains the Oxnard Plarn which is largely agrlcultural This watershed has

a history of pesticide contammatlon in the water column, in the sediments, and in fish tlssues Body

‘burdens of chlordane DDT and toxaphene in ﬁsh are the hlghest found in the state. External leswns

have been regularly reported on re31dent fish (Personal Cornmumcatlon Regional Board staff). The
rnost upstream site, C-3, is located on a tributary, Conejo Creek, downstream of two POTWS C-2
is located on Calleguas Creek downstream of the confluence w1th Conejo Creek. C 4 and C- 5 are
located on another trlbutary, Revolon Slough, which is prlmarlly cornprised of agricultural runoff.

C-6 is located on an agricultural return,drain that enters Calleguas Creek and C-1 is located on

- Calleguas Creek just upstream from where it enters the Pacific Ocean.

A dragram of the samphng sites (Fig. H) and photographs of mdlvrdual sites are presented

at the end of the section on Calleguas Creek

Toxicity Studies

~

The results of the tox1c1ty tests are summarized in Table 4, presented at the end of this

- section. All of the srtes produced measurable adverse effects w1th all three of the test species, with

the exception of site C-2 in which no adverse effects were demonstrated with fathead minnow larvae.

_ Samples from Site C-5, Beardsley Wash, reduced the survival of fathead minnow larvae‘in July 1992

and January 1993. One hundred percent mortality occurred in C. dubia exposed to samples collected
in October, 1992 and in January and April, 1993. F inally, algal cell numbers were reduced in the

July, 1992 and January and April, 1993 testing events.
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At site C-3, located on Cone_]o Creek, fathead minnow surv1val was reduced in the sample
collected in October, 1992. One hundred percent mortality occurred in C. dubia exposed to samples
collected in July and October, 1992, but no mortality occurred in either of the samples tested in

1993. Algal cell numbers were reduced in samples collected in July 1992 and in January and April,

11993,

As mdlcated previously, there were no adverse effects observed in fathead minnow larvae
exposed to samples from site C-2, Calleguas Creek at Heuneme-Lewis Road. However C. dubia
exhibited 70 and 100% mortahty, respectrvely, In samples collected in July and October, 1992.

Furthermore, young productlon was reduced in samples collected in January, 1993. Algal cell

numbers were reduced in the July 1992 and in the January and April, 1993 testlng events.

Fathead minnow larvae exposed to samples from site C-4, Revolon Slough, exhrb1ted
reduced survwal in the January and April, 1993 testmg events All of the exposed ceriodaphnids
died in the sample collected in October 1992, and the average young producuon was reduced

approxrmately 25%, compared with the control in the April 1993 testing event. Cell numbers were

‘reduced in the algae in the July 1992 and January and April 1993 testing events with water from site

C-4.

Sarnples collected from C-6, the “Duck Pond Agricultural Drain,” reduced the survival of

| fathead minnow larvae in July and October, 1992 and in Aprll 1993. Growth of the larvae exposed

to the January 1993 sample was almost 25% less than the controls. All of the C. dubza exposed to
the sample collected in January, 1993 died. Reproduction was also reduced after exposure to t’he

sample collected in April, 1993, when compared with its control. Algal cell numbers were decreased
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in each of the four samples collected at site C-6,

Samples collected fro_m site C-1, Calleguas Creek at the Paaﬁc Coast Highway, reduced
survival of larval fathead minnows in the July, 1992 and January 1993 testing events Ceriodaphnid
surv1val was not affected in any of the four samples tested, but reproduction was reduced in tests
with samples collected in October 1992 and in January and April, 1993, S caprzcornutum exhibited
reduced cell numbers in samples collected in July, 1992 and April, 1993.

Collecti_vely, these results confirm impairment of water quality in the Calleguas Creek

watershed. Waters from virtually all sites proved toxic to all of the test _organisms on multlple

- occasions. However the waters from sampling sites were generally not toxic in all of the quarterly

events, and the species affected (i.e. showmg toxicity) also often varied w1th the event. This pattern .
suggests intermittent inputs into the system and no single substance respon51ble for the observed
effects These toxicities could be the result of agricultural 1nputs or inputs from POTWs or both
Additional effort (more toxicant 1dent1ﬁcat10n evaluatlons from samples collected more often) at this

site would yield a more definitive cause-effect relationship.

Toxicity Identification Evaluations

The results of tests 'condu.cted on. samples from the Calleguas Creek watershe’d' are
summarized in Table 5.

The sample collected at site C-2 in October, 1992 exhlbrted toxicity to C dubza (total

mortahty within 48 hr.). Treatment of the sample with pH 3, aeration and solid phase extraction

- (SPE) column eliminated the toxicity. Moreover, the methanol extract from the SPE column - also
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exﬁibited toxicity while EDTA and sodium thiosulfate were not effectivé m reducing toxicity. These
fesults suggest an organic constituent with labile properties at low pHs and possessing Qolatilc
| characteristics. | |

Two samples from site C-3 were subjected to TIEs with C. dubia as thc test organism. The
first sample; collected in July, 1992, produced complete mortality within 48 hr. Filfrnﬁon did not
remove foxicity, bnt treatment with an SPE column did so. Elution of the column with a series of
methanolzwatcr fractions further showed that the toxicity wés not restricted to the 90% mcthanol
fraction but that some overlap into, the 85 and 95% fractions occurred. These .results suggested that
* an organic constitucnt caused the observe'd, toxicity. |
The second sample from site C-3 was collected in October, 1992, and killed 100% of the test
_ lorganisfns wn:hm 48 hours. Neither EDTA nor sodium thios:ﬂfate affected toxicity, but toxicity was
\" "eli_rninated.by treatment with SIPE column, and, 4thereaft'er, was present in tne rnethanol elution fro.rn

that column. Treatment with pH 3 and pH 11 and aeration also reduced toxicity. These results
.. suggestvan organic constituent was responsible for the observed toxic effects.

" One sample collected. at sife C-4 in October, 1-992 producecl 100% niortality in C. dubia
within 48 hrs. Treatment wi'th_'pH 3, EDTA and sodium thiosulfate had no effect on toxicity.
However, passing the sample through an SPE column eliminated toxicity. Toxicity was present in
the rnethanol elution_of the SPE column. Treatrnent with pH 11, aeration and filtration also reciuced
toxicity. These results also implicate an organic constituent as the cause of toxicity.

Another sample from site C-4 (j anuary, 1993) also produced elevated mortalities in fathead

~ minnows. In this case, EDTA eliminated the toxicity but treatment with sodium thiosulfate did not.
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Treatment with SPE column also eliminated toxicity'but no toxicity was present in the methanol

_elution of the cqlumn. These results suggest that a divalent cation caused tﬁe toxicity; Howevér,
it probably was not Cd, Cu, Hg, or Ag since treafcmen't with so&ium thiosulfate also reduces the
toxicity associated with these ions. (EPA, 1993).

Two samples collected at site C-5 were iﬁvestigat’ed for their effects on C. dubila.. The first, A
collected in January 1 993, produced 100% mortality within 48 hrs. With the exception of aeration
and passage over an SPE column, none of the treatments reduced tox'icit,y'. To diffefentiatebetween

’ }-volatility and éxidation, the samplé was aerated with the inert gas helium, as well as with air. Both
of these treatments eliminated téxicity? sﬁggesﬁng that a vo_latilé organic ‘was responsible fo; |
toxicity. | | o

A secon;l sample from site C-5 Was coll.ected in April, 19_93 and kﬂléd all of the éxposed C.
dubia within 24 hrs. Treatment with pH 3 and pH 11 did not affect toxicity. Treatment with EDTA
and with sodium thiosulfate aléo had no effect. Aeration eliminated toxicity as did treatment with
an SPE‘ column. Toxicity was conﬁrmed iﬁ methanol eluate from the column. Thesé results suggest‘
an organic constituent as the toxic component.

A éample qéllect’e_gi from site C-6 on October 22, 1992 significantly affected fathéad minnows
and algae. TIEs conducted with fatheads suggested that a divalent cation and/or organic toxicant
might be respoﬁsible for toxicity.

A sample collected on April 1, 1993 at C-6 significantly affeéted all three test species. TIEs
conducted with fathead minﬁows suggested that a divalent cat;on and/or organic toxicant _might'be

responsible.
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Chemical Anatyses Results |

Chemical results for Calleguas Creek samples sent for analy51s are shown in Table 6.
‘Chermical results are dlscussed by date below. |

Both ceriodaphnids and fathead mlnnows‘ were signiﬁcantly éff_ected by the sample eollected'
on July 20, 1992 at site C-3. Ceriodaphnid TIE results indicated an organic as the source of the
- tdxic‘ity, however, no orgdnbchlorines, PCBs er organophosphates were detected in this sample.

Both fathead minnows and algae were significantly affected by the satﬁple collected on July
20, 1992 at site C-6. No TIEs were conducted on this sample therefore itis dlfﬁcult to determine
the cause of toxmlty No organochlorines, PCBs or organophosphates were detected in this sample,
’ 'however, three metals, barium, molybdenum and zinc, were detected in this sample. Metal toxicity'
is dependent on a number of biotic and ebiotic factors, therefore,A it is difficult to determine if one
or more of these metals were responsible for the observed toxicity, however, with respect to zinc,
| 4 day EC50s for Chiorella vulgaris and Chlorella saccarophila vt/ere_2400 and 7100 ng/l (Reyes et
~ al, State of California, Regional. Water Quality Board Report, in prep). A life-cycle test using
fathead minnows conducted at a hardness of 46 mg/l reeulted ina chronic Value 0f 106.3 ug/l (Reyes
et al,v State of California, Regional Water Quality Board Report, in prep). Hardness of C-6 collected
in July was 1640 mg/l as CaCO,. | | |

Only cerlodaphmds were significantly affected by the sample collected on October 22,1992
at site-C-2. TIE results indicated that the source of cerlodaphmd tox1cxty was an organic, however,

no organophosphate pesticides were detected.
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“Both ceriodaphnids and fathead minrtoWs were significantly affected by the sample collected

at C-3’b on October 22, 1992. TIE results indicated that the source of ceriodaphnid toxicity w;s an
.orémic, however, no pesticides Were deteeted. |

Only cerlodaphmds were 31gmﬁcantly affected by the sample collected on October 22, 1992
at site C-4. TIE results 1nd1cated that the source of cerlodaphmd toxicity was an organic, however
no pesticides were.detected.

Both fathead minnows and algae were significantly affected by the sample collected on
October 22, 1994 at C-6I. TIEs suggested a divalent cation and/or organic toxicant might be
responsible for fathead toxicity; Arsenic, barium, molybdenum, selenium, thall‘ium atld zmc were
all detected. No thioearbart)ates were ‘detected. Metal toxicity istdependent on a number of biotie
and abiotic factors, therefore, it& is difficult to determine if one or more of these metals were
responsible for the observed texicity, however, with resp_ect to zinc, 4 day EC50s for Chlorella
vulgaris and Chlorella saccarop}tila were 2400 and 7100 rg/l (Reyes et al,- State of California,
‘Regional Water Quality Board Report, in pre.p). No hardness valtles were reported for either of these
zinc. valtles. For ceriodaphnids acute zinc toxicity was observed at 32 ug/l and a hardness of 45
mg/] as CaCO, (Reyes et al, State of Cahforma Regional Water Quahty Board Report, in prep) A
»hfe—cycle test using fathead minnows conducted at a hardness of 46 mg/l resulted i in a chronic value
of 106.3 ug/l (Reyes et al, State of California, Regional Water Quality Board Report, in prep).
Hardness of C-6 collected in October was 1840 mg/l as CaCO3_).. |

Both ceriodaphnids and algae were significantly affected by the sample collected at C-2 on

January 20, 1993. No TIEs were conducted, therefore, it is difficult to estimate potential cause(s)
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of toxicity. Nc organophosphate pesticides were detected:
Only dlgal toxicity was observed in the sample collected at C-3 on J anuary 29, 1993. No
TIEs were conducted on this sample and it is difficult to p;edict.céuse(s) of algal toxicity. No
organcphosphates were detected by chemical analytical methods. | o,
Both fathead.minnows and algae were ‘signi_ﬁcavtitly affected by the sample‘ collected at C-4.
onJ anu"ary.ZO, 1993. TIES conducted with fathead minnows suggested that .a divalent cation was
requnsible for fathead mortality, however, only organophosphate analyses wefe conducted on this
sample, therefore, it is difficult to determine 1f metals were resp0n31ble No organophosphates were
vdetected
Only ceriodaphnids were significantly affected by the smnple collected at-C-5 on January 20,
1993. TIEs With_ceﬁodaphnids suggested that a voiatile organic was responsible fof_ toxicity. No
organophosphate pesticides were ‘detected, however, prior to analysis, the toxicant may have been
lost through volatiliza’don. | |
Both ceriodaphnids and algae were signiﬁcdntly affected by the sample collected at C-6 on
January 20, 1993. However as no TIEs were conducted on this sample it is difficult to determine
the nature of toxicity. No organophosphates were detected in the chemical analy51s
All three species were significantly affected by the sample collected on April 1, 1993 at site
C-6. TIEs conducted with fathead suggested that a divalent cation and/m; organic toxicadt mighi be .
;esponsible for fathead toxicity. Only a metals analysis was conducted. Metals detecfed were
“barium, molybdenum, thallium and zinc. Metal toxicity is dependent on a number of biotic and -

abiotic factors, therefore, it is difficult to determine if one or more of these metals were responsible
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for the observed toxicity, howevef, with respect to zinc; 4 day EC50s for Chlorella vulgaris and

Chlorélla saccarophila were 2400 and 7100 pg/1 EReyes et al, State of California, Regidnal Water

Quality Board Report; in prep). No hardness valués were reported for either of these zinc values.

"For ceriodaphnids, acute zinc toxicity was observed at 32 1.g/] and a hardness of 45 mg/1 as CaCO,

(Reyes et al, State of California, Regional Water Quality Board Réport; in prep).. A life-cycle test
using fatﬁead minnows conducted at a hardness of 46 mg/1 resulted in a chronic value of 106.3 ug/l ‘

(Reyes et al, State of California, Regional Water Quality Board Repori, in prep). Hardness of C-6

" collected in April was 1800 mg/l as CaCO,).

Histopathology

The species of fish collected from the three sampling sites in.the Calleguas Creek‘v&atershed

~ are shown in the table below. Descriptions of alterations found at each site follow.
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Collection sites, identification codes,~ fish species and number of individuals for
Histopathology Studies on Calleguas Creek

Site | - Fish Species Number

Conejo Creek 1/2 river mile downstream - Pimephales promelas - 30
| of water collection site for toxicity studies

Revolon Slough at Wood Road at site. Cyprinus carpio- , 1

where water was collected for toxicity

studies

Calleguas Creek at Lewis Road at site Gambusia affinis 1

where water was collected for toxicity Pimephales promelas 12
studies : | Cyprinus carpio 2

»

T This site was necessary since it provided shade on Water surface where fish congregated |

Histopathologic Studiesof Fish from Cancjo Creek

Thirty individual Pimephales promelas collected from this site were examined. The central
nervous system including brain and spinal cord and the special sénse orgéns, eye and internal ear;
were free of alteratiqns (Figures 22 and 23; Histopathology figures are presented at the ¢nd of this
section). Spinal gapglia were élso free of alterations.” The gills did not réveal presence of any
paras'ites .arid no necrosis of mitochondrial-rich (chloride) cells or of pavement respirétéry epithelium
was noted. A siﬁgle; aneurysm was found in the secondary_ lamellae of one fish. Given the fact that
these ﬁvshvwere collected by gill net, it is éntirely‘livkely that the aneurysm ma)(l have resulted from

that treatment. In one of the fish examined, hyperplasia of gill arch epithelial cells was detected.

- No abnormalities of the peritoneal cavity and mesenteries were observed. Similarly, the skin and

buccal cavity epithelium were free of alterations. A single inflammatory focus in the body wall

musculature was observed. The majority of the kidney sections revealed active regeneration of
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glomemli and tubules. However, t_he number and extent of: this change was not considered to be
outside of normal control ranges. Tubular epithelium of kidneys was free of hyaline droplet
" formation and revealed no other alteratioh;. The interstitium of kidney was free of alteration. In one
| of the fish, perihepatic.-venus inflammation and adja(;eht hepatocellular necrosis was. seen. No
changes were observed with respect to the intrahepatic biliary system andlone of the 30 individuals
showed the presence of an encysted parésite within the li\{er; Hepatocytes of all ﬁsh were free of
inclusions and thére was no evidence of megalocytosi.s-. Hepatié necrosis was seen in 2 of the 30
individuals examined (pré:valence'= 6.7%). Three of the 30 ﬁsh examined showed pérasites within
' gut lumen (prevalence = 10%)." All of the fish showed evidence of active feeding i)rior to their
‘ﬁxation. No changes were encountered in the exocrine pancreas and the hearf and pericardial .cavity
were also free of alterations. | N
Revolon Slough at Wood Road
Histopathologic analysis was qonduéted ona single indiVidual fish, a cbmmon carp |
(Cyprinus carﬁio). No other fish wer_é collected although the equivalent amo_unf of effort was made
for collectioﬁs as ét other sites. - The control type morphology of the liver is iliusfrated (Figure 24).
The only alferations fouﬁd within this single goldfish invol?ed the kidnéy, sl;in; and héart. Inthe
'kidney, the tubular epithelium showed hyaline droplet change, paﬂicﬁlaﬂy prominent in the proximal
tubule. Histologic evidence in the form of basophilic clurrips of cells with small lumens and |
capillary tufts signified regeneraﬁon of" glomeruli and renal tubules. (Hinton, e;c al., 1984b;
Reimschuessel, et al., 19905. Nofmal histologic features of the intestine are shown (Figure 25). A

single focus of inflammation was found in skin and subjacent dermis and upper portion of flank
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 muscle. This appeared to be an open sore or.wound that was large]y filled with white blood cells
and debris (Figures 26 and 27). These may be due to opportunistic bacterial infection secondary to
trauina (Sinderménn, 1990; Sindermann, 1993). The atrial phagocytes of heart showed cytdplasrriic
enlargement characteristic of activation (Ferguson, 1989). These cells are pﬁen involved when a
. systemic inflammatory process is present -(Ferguson, 1989). In aciditioh, the myocardium of the
heart ventricular w'all. was inflamed. This was particularly préminent at the epicardium. The-
presence of food particles within ésophagti’s and intestine signified active feeding of this individuél
prior to its collection. | |

All goldfish (Cyprinus carpfo) collected had external lesionsof the skiﬁ (Fig. 35) Regional
Board staff (personal communication) have stated that fish collected from fhis area routinely have
ext_ern-al»lesions.

Calleguas Creek at Lewis Road

The fish from VCallegl‘las’ Creek at Lewis Road were collected from the same site where water
was collectea for the toxicity studiés. One Gambusiq affinis, 12 Pimephales promelas and 2-
éyprinus ;arpié were caﬁghti The central nervous system,includir;g brain and épinal cord Was free
. of alterations. Special sense ofgans such as eye ahd olfactory drgan were also normal. Parasites
were present in the peritoneal cavities of 2 of the 15 fish examined (prevalence = 13%) (Rogers and
~ Gaines Jr, 1975; Wolke, 1975). However, upon close examination of the mesen%ery, theré were no
associafed iﬁﬂammatory lesions and no-evidence for adhesions or for granuioma formation was
fQund. Examination of the trigeminal nerv;: and its ganglion also revealed a lack of alteration. The

gills were free of parasites in all of the fish examined (Figure 28). This does not necessarily mean
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'that certain parasites were not attached to the gill originally. It is known that attachment can be los;
during storage of materiz;l in fixative and subsequent processing steps (Rogers and Gaines Jr, 1975).
One of the fish examined showed selective necrosis of the mitochondﬁa—rich (chloride) cells and this
same individual showed necrosis of the surface respiratory epithelium of .thg;, secondary lamellae in
gill. These lesions résembled those seen after metal exposure (Mallatt, 1985). Filament epithelial
hyperplasia kSmith, 1984.)vis; shown (Figﬁre 29). No aneurysms were present. InﬂMation of the
gill and branchial cavity were present ih 20% of the individuals: ‘One of the ﬁsﬁ, a goldfish
(Cyprinus carpio) showed defective alignment and structure-of the filament carfilgge in the gill.
After examination of‘ gill, transporting epithelial cells and interstitium of kidney were carefull'y.
examined. The kidﬁeys.reveal;ed z; normal amount of glor'nerularAand tubular regeneration. These,. '
extremely basophilic, cell clusters ajﬁparently occur even during young adult and adult life of various
fish spe'bies (Hinton, et al., 1984b). The éxtent and felati\)e number of regenerating‘tubules and
giomeruli were regarded as within the ran_ge" of normal. Two of the 15 fish (13% prévalence) showed

tubular epithelial change (Figure 30). This included appearance of hyaline granules within epithelial

-~ cells and accentuated intercellular spacé. In addition, 4 of the 15 fish examined showed cellular casts

withiﬁ the lumens of the distal ﬁephrbn and adjabent collecting ducts. The prévalence for this |
condition was 27%. In some, but not all, of the fish. showivng ceiluiar casts and tubular epitheiial
change, interstitial inflammation of the kidney was found. The prevalence for this condition was
33%. Four of the 15 fish examined (a prevalence of 27%) showed fatty vacuolation of hepﬁtocytes
in livers. In addition, the single Gambusia affinis studied showed single cell hepatocyte necrosis and

foci of hepatocellular necrosis (H.inton, 1993a; Hinton, 1993b). A single Pimephales promelas
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showed the présence of a basophilic adenoma of the liver (Figures 31 and 32). This tumor had a
discrete margin and was stained differently than the surrounding liver (Hinton, et al., 1992). One
of the fish from this site revealed the presence of parasites within the liver. In addition, one of fhe
fish showed necrosis of hepatocytes Sunounding large tributaries of the hepatic veins. No evidénce |
for bile duct proliferation and associated inflammation was seen. There were no hepatocyte
inclusions and no evidence for megalocytosis was seen; Exarninatioﬂ of the digesti've system
including esophagus, stomach or intestiﬁal bulb (cyprirﬁd fishes) (Hiﬂfon, etal., 1984b) and intestine

indicated that all of the fish had been actively feeding immediately prior to their capture. A single

* individual showed a large nematode within the gut lumen. The exocrine pancreas was free of
alteration. Two of the individuals showed inflammation of the myocardium and epicardium of the

- heart. Inflammatory cells were also found in the périéardium cavity of these individuals.. In one

fish, a large inflammatory focus Was seen within the flank skeletal muscle. A normal change
associated with breeding activity was present in male Pimephales promelas. This is the presence

of keratinized epithelium with hyperpigmentation of the dermis (Hinton, et al., 1984b). Taken

 together, these are breeding tubercles that are prominent on the heads of actively breeding males of

this species. There was no indication of skin inflammation and buccal cavity epi_thelium was also
free of change.

Figure 35 illustrates the exéﬁples of external lesions found in 'ﬁsh inhabiting this drainage;
All goldfish (Cyprinus carpio) collected had external lesions of the skin. Regional Board staff
(personal communication) have stated that fish collected from the area’routinely: Have external

lesions.
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Summary of Findings
Multiple historical Iines of evidences including fish body burdens of environmental
contaminants, sediment toxic"ant chemistry, repeated findings of external lesions; and, results
reported herein including toxiéity tests, to.xicant identification evaluations, and histopathoiog'y ‘
confirm that water quality -i's impaired in this watershed. All of the sites wete toxic to all of the test
organisms on multiple occasions aﬁd follow-up TIEs generally associated toxicity with non-polar
~ organic chemicals. This category would inéludé pesticides. 'Hdwever, the. sités were generally not
toxic in all of fhe events, and the species affected also often varied with the eVent., This pattern
suggests intermittent, but severe, inpﬁts into the system, and no one substance résponsible for the‘b
observed effects. This paftern is consistent with the surrounding land use being primarily
agricultu_rél and may be associéted with app_licationé of diffe_rent pesticides to different crops. For
these short-term toxicity tests, thé responses are probably due to inputs info thé water.coll.umn, rather
‘than mobilization from the sediments, which would be expected to maintain relatigfely uniform
concentrations in the water colur'nn. Histopathq[ogic analysis of Conejo Creek fish reveé.led a near
cohtro’l appearance. Despite a thorough analysis of each organ system, alterations from normal were
rare and did not fit alterations directly attributable to exposure to toxicants within thebwater éolﬁmn.
Only one fish was collected from Revolon Slough, buf analysis of all internal organ systems _.
revealed neérnormal morphology. EQidence of skin inflammation was present and the iesion
showed characteristics which would ‘be e#pected after invasion of a traumatic wound to the body
surface by Aopportu.nistic bacterié (Ferguson, 1989). Similar changes in underlying dermis and
adjacent skeletal muscle of body wall were consistent with bacterial spread. Iﬁ all likelihood, the
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skin lesion led to a generalized systemic infectious process which was evident by the extensive
rounded nature of atrial (heart) phagocytes (Ferguson, 1989). The kidney alterations might have

resulted from toxicant ekposure (Reimschuessel, et ‘al., '1989). Metals and certain organic

compounds have been shown to produce similar lesions in fish exposed in laboratory studies

(Meyers and Hendricks, 1985; Reimschuessel, et al., 1990). The hyaline droplets in these cells and.

the presence of cellular casts iﬁ distal portions of the nephren, suggest degeneration and necrpsis of
eelis in prokimal'tlubules (see review Meyers & Hendricks 1985).

The fish of the _Callegués Creek collections appefently resided in lower reaches of the
watershed and, when compared to their ceunterparts in Conejo Creek and Revolon ‘Sloqgh, appeared
to pay’a g;reater cost for residence at their paﬁiculsr habiﬁat. Evidence of necrosis of mitochondria-
ﬁch (ch!oﬁde) cells and pavement, respiratory epifheljum was seen in gill of one fish. Tﬁis ehange
1S closely associated with metal exposure and may follow ammonia f:xposure (Mallatt, 1985; Smith

and Piper, 1'975). The filament epithelial hyperplasia could have been in response to prior toxicity.

~ Inflammation of the gill and branchial cavity could havé followed earlier hecrosis of cells in this

‘epithelial tissue. However, this changej could be due to bacterial infection (Ferguson, 1989).

Kidneys in two of the 15 fish showed tubulai epithelial hyaline granule eha.nge. In addition, cellular
casts (in higher prevalence) could be indicativeof prior toxicant induced cellular degeneration and
necrosis (Meyers and Hendricks, 1985). Fatty vacuolation of hepatocytes is a hallmark of toxicity
and may be broduced by exposure to organochlorine.s,'polychlorinated bibhenyls, pesticides, and
other coﬁlpounds (Couch, 1985; Hinton and Laurén, i990a). LSimilarly the hepatic necrosis in the

single mosquito’ fish (Gambusia affinis) was likely due to exposure to hepatotoxic substances
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(Hinton, 1993a). The liver tumor, basophilic adenoma, seen in one fathead minnow (Pimephales

promelas) is a blomarker lesion closely assoc1ated with exposure to carcmogemc tox1cants

 (Baumamn, 1992; Hinton, et al., 1992; Myers, et al., 1987).

~ Whereas the quarterly water samples and toxicity tests thereof argue for impairment of water

~ quality, they represent grab samples that are not indicative of the variations with time at a given site.

However, histopathology is an ‘integrat‘ion over time and when coupled with the toxicity tests
provides additional evidence of multiple stressor effects in the lower reaches of the watershed

(Hinton et al., 1992).

'Recommendations

- Toxicity tests indicated that water quality is frequently impaired in this watershed. Although
only four testing events were completed, water samples from all of the sites were toxic at least half

of the time. Furthermore, significant responses were seen with all three species, suggesting that a

variety of toxicants were present at different times. This should not be surprising, given the mosaic

of urban and agricultural land uses that occur in this drainage: The situation is further complicated

by the contributions of POTWs that discharge into the watershed. Fish collected in Calleguas Creek

- also exhibited histological lesions consistent with poor water quality.

TIEs were generally conducted with C. dubia. In these instances, toxicity was uniformly

assbéiated’with the non-polar organic fraction. Only one TIE was conducted with fathead minnows

- and suggested that metal ions were responsible for the toxicity of this sample These results could

be attnbuted to discharges from the POTWs, and/or from agricultural and urban areas since all three
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could act as sources of organic and inorganic toxicants. Thus, further characterization of the toxic :
constituent(s) is necessary bcf,for'e the possible sources can beidentiﬁed, Point or non-point source -
controls shmild be implemented as required to reduce inputs.

Becauise‘most of the water samples tested exhibited toxiéit)i to one, or more, of the test -

species, the iinplication 1s that water quality could be markedly improved if the causes of toxicity -

could be identified and reduced to concentrations not associated with harmful effects. To achieve

this goal, a sampling prc;gram should be initiated with more frequent sampling intervals. This would
be of particular importance in identifying se_:ascinal trencis associated with different crop practices and
pesticide appiications in the watf:rshed. |

’ 'By conducting TIEs on the toxic samples, including Phase II and III identiﬁcatio‘n and more
sensitive characterization (analytical chemistry) piocedures, ihe identities of major (ionti'ibutors to
toxicity should be determined. Once this task has been completed, source control, or in the case of

agricultural substances, modified application practices, should be implemented to reduce the

concentrations of harmful substances to acceptable levels. Follow-up monit(‘)ring’ programs should

then be implemented to evaluate the effectiveness of any reduction program.
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Calleguas Creek

Diagram and Photographs of Sampling Sites

Calleguas Creek
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C-4 REVOLON SLOUGH AT WOOD ROAD
612192

SHOCKING FOR FISH.
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C-4REVOLON SLOUGH AT WOOD ROAD

612192

CLOSE - UP
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it

C-3 CONEJO CREEK AT HOWARD ROAD BRIDGE.
' NOTE AGRICULTURAL DISCHARGE AT LEFT CENTER AND IN FOREGROUND. THE
| CAMARILLO POTW IS IMMEDIATELY UPSTREAM OF THIS SITE.
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CONEJO CREEK AT SMITH RANCH, DOWNSTREAM OF SITE C-3

OUR FIRST ATTEMPTED FISH COLLECTION SITE

6/2/92

SITE FURTHER DOWNSTREAM BELOW RIP RAP WHERE SUCCESSFUL COLLECTION

OF FISH FOR HISTOPATHOLOGICAL ANALYSES WAS DONE
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j

S "»'2“5-’;{'“ G AL s e it e T ‘ .
C-2 CALLEGUAS CREEK AT HUENEME - LEWIS ROAD

_ 6/2/92 |
(NOTE: FISH COLLECTED FOR HISTOPATHOLOGY AT THIS SITE)
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Calleguas Creek

Summary Tabulation of Toxicity Tests and TIEs

Calleguas Creek
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Calleguas Creek

Tabled. Summary of toxicity tests conducted on samples from the Calleguas
, Creek Watershed ‘ ' '
Test Date | TestDate | Test Date Test Date
Site Parameter 7/23/92 10/23/92 1/21/93 4/2193 -
C-6 | Fathead Minnow |
Survival (%) 27.3" 22.3" 91.7 5.3"
" Growth (mg) 0.169" 0.229" 0375 01"
Ceriodaphnia
© Survival (%) 100 100 0" 100
Reproduction 28.5 16.1 1.8" 18.1°
Selenastrum cap. ‘
Cells/ml 3151007 223000° 1043280" 221253*
C-5 Fathead Minnow »
Survival (%) - 68.2" 93.5 76.7 96.7"
Growth (mg) 0.251" 0.35 0.445 0.419
Ceriodaphnia ,
Survival (%) 100 0" 0" 0"
Reproduction 36.9 o011’ 0 0
Selenastrum cép. A
Cells/ml © 148940 1587500 386613 565419
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Calléguas_ Creek

| Table 4.

Summary of toxicity tests conducted on samples from the Calleguas
Creek Watershed
Test Date Test Date | Test Date Test Date
Site Parameter 7/23/92 10/23/92 1/21/93 4/2/93
. ¢ ' :
- C-4 | Fathead minnow ‘
Survival (%) 95.1 92.2 217 27
Growth (mg) 0.367 0.291- 0.07" 0.141°
Ceriodaphhia
Survival (%) 1007 0 100 90
Reproduction 31 0° 27.8 21.5
Selenastrum cap.
Cells/ml 870100° 1399660. 419573 235253"
C-3 | Fathead minnow
Survival (%) 95 76.6° - 96.7 91.7
Growth (mg) 0.337" - 0.226" 0.426 0.313
Ceriodaphnia
Survival (%) *0 0’ 100 100 |
Reproduction 0.4 0 25.7 258
Selenastrum cap. ’ .
Cells/ml . - 60940" 1019600 .| 1469340" 113160
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Calleguas Creek

Table 4.

“%1;21;111(121 A t(;t; ;(lylygdcity tests conducted on samples from the Ca‘ileguﬁs_ _
Teét Date Test Date Test Date Test Date
Site |  Parameter K 7/23/92 10/23/92 1/21/93 42/93
C-2 | Fathead minnow | - ' |
Survival (%) 5 30" 0 100 100
Reproduction 27.4 0 19" 254
Selenastrum cap. |
| Cells/ml | 36500 1271573 1551480' 217866" .
C-1 Fathead minnow
Survival (%) 74.9 89.3 . ' 783 96.7
- Growth (mg) 0.423 0.318 0.426 0.359
Ceriodaphnia
‘Survival (%) 100 90 100 90
Reproduction 284 154 | 17 17
\
Selenastrufn cap.
Cells/ml | 49520° 754760 | 1567313 381366° |
Contrél Fathead minnow
Survival (%) 95 93.9 95 96.7
| Growth (mg) 0.398 0.31 | 0.457 0.366
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Calleguas Creek .

‘Summary of fdxicity tests conducted on samples from the Calleguas

Table 4. Creek Watershed
Test Date Test Date Tes‘t‘ Date Test Date
~ Site Parameter 7/23/92 10/23/92 1/21/93 4/2/93
Ceriodaphnia - B
Survival (%) 100 100 100 100
Reproduction 24.9 "19.6 26.8 26
Selenastrum cap. . .
Cells/ml . 1176060 752440 1818940 2317313

*= significance @ P < 0.05; see Methods for statistical tests.
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Callegués Creek

Table 5. Summary of Results of Toxicity Identification Evaluations
Species
C-2 | 10/22/92 | Cerio + +/- - +
C-3 | 7/22/92 | Cerio NT | NT N/T N/T N/T N/T G ) +
10/22/92 { Cerio - +a +a - - - +a +a + +
c-4 .| 1022/92 | Cerio . +a - - . | + +
1/20/93 | Fathead | N/T | NT | NT + “) NT | NT + -
C-5 | 1/20/93 | Cerio - - N/T - - ++ N/T + -
4/1/93 Cerio - - N/T - - o+ N/T + o+
. ) ]
C-6 | 10/22/92 | Fathead | - + - o+ - + +- + ©N/T
21193 - | Cerio + + | nT - + p o+ N/IT + ;
4/1/93 | Fathead + + N/T + +- - | wr + -

Key: N/T=Not tested
+/- = Ambiguous results
* = Sample no longer toxic at time of TIE

a= 24 hour delay in mortality
++ = Test passed using helium and air

; +=Test passed; - = Test failed
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Calleguas Creek

‘Table 6. Summa?' of Analytical Chemlstry Results for Calleguas Creek
(6/92 to 4/93)
Date Sample ID : : Hardness/ ugh Detection
Sampled (Site #) Eureka Laboratories Alkalinity (ppb) | Limits (ppb)
7120192 C-3 No organochlorine peSthldeS or PCBs
S detected.
No organophosphorus pesticides detected
7/20/92 C-6 Barium 1 Hardness = 1640 40.0 20.0
o . Molybdenum Alkalinity = 260 90.0 20.0
Zinc T 30.0 100
No organochlorine pesticides or PCBs .
detected
No organophosphorus pesticides detected
. 10/22/92 C-2 No organophosphorus pesticides detected
10/22/92 C-3 ‘No organoghosphorus pestlcldes detected "
No thiocarbamates detected
No carbamates or urea pesticides detected
10/22/92 C-4 No organoghosphorus pest1c1des detected
, No thiocarbamates detected
No carbamates or urea pesticides detected
10/22/92 C-6 Arsenic - Hardness = 1840 4.00 4.00
. Selenium Alkalinity = 320 10.0 3.00
Barium 40.0 20.0
Molybdenum 100.0 20.0
Thallium 200.0 100.0
Zinc - ' 20.0 10.0
No thiocarbamates detected '6.70
1/20/93 C-2 No organophosphorus pesticides detected
1/20/93 . C-3 No organophosphorus pesticides detected
1/20/93 C-4 No organophosphorus pestici&es detected
1/20/93 - C-5 No organophosphorus pesticides detected
1/20/93 C-6 No organophosphorus pesticides detected
4/1/93 C-6 Barium , Hardness = 1800 40.0 200
: Molybdenum Alkalinity = 360 100.0 20.0
Thallium - 200.0 100.0 -
Zinc 20.0 10.0

"Higher detection limit due to insufficient sample provided
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. Calleguas Creek |

- Illustrations of Histological Lesions

- Calleguas Creek
~ (Figures 22 - 35)
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~ Calleguas Creek

HISTOPATHOLOGY INVESTIGATIONS AT CALLEGUAS CREEK
- AND ITS TRIBUTARIES

FIGURE LEGENDS

Figure 22. - This photomicrograph is from the head regibn of'a Pimephales promelas collected

- from Conjeo Creek one-half river mile downstream from the collection site for toxicity studies.

Although this figure does not illustrate pathologic alteration, it illustrates the types of organs that
may be studied in a parasagittal section. The following tissues are represented: ventricle of heart
(Vj,' aortic bulb (A), gill (G), pharynx (P), vertical column (VC)l and spihal ganglia' (SG).

Hematoxylin and eosin X 20.

.Figure 23.  This parasagittal section from the head region of the same fish as described in Figure

22 illustrates part of olfactory organ (O), buccal cavity (Bé), and eye (E). Optic nerve (ON), ocular

muscles (OM), trigeminal ganglion (T), are shown. A portion of the telencephalon of the brain (B)

is also shown. Hematoxylin and eosin stain X 20.

~
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Calleguas Creek
| Figure 24. This photomicrograph illustrates liver mt')rphology from a goldfish collected at
Revolon Slough. The essential normal morphology of £he liver is well illustrated. The 1ight staining
grey regions within hepatocytes, the major cells of thé liyer, indicate abundant glyéogen.. The blood

vessel profiles are free of associated inflammatory cells. Hematoxylin and eosin stain X 100.

Figure 25. This photomicrograph from the goldfish collected at Revolon Slough shows features

that are consistent with normal morphology; of the intestine. The surface epithelial cells are light

grey in staining because they contain fcibundant mucous. A small degree of inflammatory cells may

- be present in the mucosa and submucosa of this fish. Normal appearing pancreas is shown at the left

of the field. Hematoxylin and eosin stain X40.
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Ca_lléguas Creek

. Figure 26. - Although the intestine and liver of this goldfish collected from Revolon Slough were

normal, a rather largé surface lesion was located on the trunk of the animal. This surface lesion is
-{llustrated in the spht field as shown. In the left hand side of the field extensive 1nﬂammat10n and

edema charactenze the epldenms and dermis. Note the pmk staining scale that is present at the

mlddle portlon of'the field. Below the scale the region of the dermis shows inﬂammation and edema -

and this is contrasted with the thickened connective tissue at the bo‘ftom most port1on of the dermis

and the subJacent skeletal musculature of the trunk. H1gher magnification view of a portion of this

lesion is shown in the field at the right. Here 1nﬂammatory cells and wispy, edematpus connective
tissue are shown. Hematoxylin and eosin stain X 200 (right hand side of field) X 40 (left hand side

of field).

Figure 27. A lower magnification view of the large surface lesion illustrated in Figure 26 above -

is shown. Note the extensive nature of this surface wound. It is likely ﬂ_iat this type of lesion was

_ assdciated with direct trauma to the body of the fish and was associated probably with secondary -

bacterial invasion following the traumatic injury. Hematoxylin and eosin stain X 20.
' )
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Calleguas Creek |
Figure 28. This photomicrograph is of the gill and illustrates secondary lamellae (2),. primary'
lahlellae (1), and, at the far right hand side of the field, attachment é)f ﬁlaments to the arch
. epithelium. Cartilage (C) is shown at the central most region of the gill filament. Hematoxylin and

eosin sfain X 200.

- Figure 29: This photomicrograph illustrates features of the secondary lamellae, filaments and

arch of a fathead minnow collected from Calleguas Creek at Lewis Road. The secondary lamellae

appear normal while the filament epithelium shows hyperplasia (large arrow). Hematoxylin and

eosin stain X 200.







Calleguas Creek

Figure 30. This photomicrograph shows a section through the trunk kidney of a male fathead

minnow (Pimephales promelas) collected from the Calleguas Creek at Lewis Road at the same site

where watet was collected for toxicity studies. The major change shown in this organ involves the

proximal tubular epithelial cells. These are visible in the center of the field and they show marked -

rearrangement. Large intéfcellular spaces and pale staining cytoplasm with pignotic nuclei indicate
degeneration of this portion of the nephron. This change could be related to toxicants. Hematoxylin

and eosin stain X 100.'






Calleguas Creek
Figure 31.  When contrasted with Figure 29 an obvious change in staining and architecture of a
region of the liver is indicated in this photomicrograph taken from a fathead minnow (Pimephales

promelas) collected from Calleguas Creek at Lewis Road. Arrows indicate the margin of this lesion

- which is a basophilic adenoma of the liver. This tumor is one of the present biomarker lesions

 indicative of exposure to anthropogenic toxicants. Hematoxylin and €osin stain X 40.

Figure 32.  This higher magnification view of the basophilic adenoma described in Figure 30

above shows the difference in staining between cells of the adenoma and the adjacent liver. The

normal pbrtion of the liver is at the right hand side of the field Whi}e the adenoma is at the left hand

side of the field. Note the increased basophilic staining over the adenoma and the thickened feature

of hepatic tubules within this lesion. Hématoxylin and eosin stain X 200.
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Callégﬁas Creek
Figure 33. This photonﬁcrograph from. the head regién of a male fathead miﬁﬁow -(Piméphdlés
pro;ﬁelas) collected from Calleguas creek at Lewis Road shows chaﬂges within the outer epithelium
.consistentA‘with Breeding. Note the po;itions indicated by the arrows where the epidermis is

mafkedly thickened and stains vﬁth a pink coloration. Hematoxylin and eosin stain X 40.

Figure 34. This higher magnification view of a region shown in Figure 25 above indicates
additional features of the so-called breeding tubercles on the heads of male fathead minnows. ~Th¢.
arrow points to sloughed or desquamated cells at the outer surface of the head. These are keratinized -

' epithelial cells. Keratinization of surface epithelial cells is a rare phenomenon in most teleost fish

but is a normal constituent of breeding tubhles within male fathead minnows. Note the extensive

. thi'ckenihg of the epidermis when cornpére’d to regions at the right and left hand margins of thé field.

Hematoxylin and eosin stain X 200.
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Calleguas Creek

Figure'35.  Gross lesions on fish collected from ACalleguas Creek and Revolon Slough
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- | | , Calleguas Creek @ Lewis Road
L 6/13/90

: Revolon Slough @ Wood Road

6/13/90
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SANTA CLARA RIVER
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Santa Clara River

Background

: The Santa Clara River is c')'ne of the largest river basins in Southem Califomie} (4200 km?)
énd also one of thg few that remain in a relatively natural stafe. High quality riparian habitat is
present along much of the .vriver énd is associated with a number of rare and endangered species.
Currently, development is pfoceeding rapidly in parts of the watershed and channglization, is
occurring on tributaries in the upper areaé. Two major POTWs Eﬁsbhargé into the upper river in Los
Angeles Cbﬁnty.

| Begﬁming at the ppstream portion of the_ wa_ters_he_d, SC-7 is located on a natural intermittent
tributary, San Francisquito Canyon.Creék, which, becéuse of its shallow nature, .is often very
eutrophic. SC-8 also samples water from a tributary, Bouquet Canyon Créek, located downstréla;m '
of Bouquet Reservoir. SC-6, located on the Santa Clara River at High@ay 99, is é natural char‘mel'
with flows composed primarily of éfﬂuent from t@o POTWS. SC-§, ldcated ona tril;utary, Piru
Creek, is méinly imported water from Piru Reservoir just before it is djverted for groundwater
recharge. SC—4 ison tﬁe lower part of Séspe_Creek, a tributary of Sapta Clara River which is pristiné _ |
in its upper reaches. SC-3 is located on another tributary, Saﬁta Paula Creek, a rural stream that cuts
through an area with extehsive natural oil seeps. SC-2 is lopatéd Withih a major corridor of citrus
orchardvs along the river. Finally, SC-1 is located on the river af the Frecman Diversion site. -This
was the most downstream site sampled. - -
A diagram of these sites (Fig. I) and photographs of selected sites are presented at the conclusion of

this section.
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Santa Clara River

Toxicity Testing

The resulté oof the toxicity tests are summarized in Tables 'Zand 7a, presented at the end of
| this sectioh and described hg:f;. |

The survival 'ot; fathead minnow iarvae was adversely affected when they were exposed to
samples collected in July and October 1992, and January, .1 993 at SC-S, located on .Bouquet Canyon
Creek. There were no effects on C. dubia survival or reproduction in any of the tesﬁng events using
Qater from site SC-8. Cell numbers of algae were aiso u;affectéd in samples collectéd,.from this s‘ite..

Fathead minnow survivai »an(.i growth were genérélly not advérsely @ffecfed _after exposure
to water samplés collected at SC-7 (San Francisquitfd Caﬁyon Creek). Ip the one exception, April
1993, growth was reduced ox)er 25%, co'mpared with the control value. There were no effects 6n
surviva_l of C. dubia, but reproductive output was reduced after expogmé td samples collected in
January and April 1993. Algal pell numbérs were reduced after exposure to the sample collected ih.
July 1992 at this site. Since no samplc;, was collected vf_r:om this dry site on July 22, 1992, there are
no toxicity results to report. |

Samples colle—ctedv from SC;6 (Sahta Clara River at Highway 99) did Anot affect :fathead
minnow survival or growth, Noné of thes'e Samblés_ affected survival in C dubia, but reproduction
~was reduced in samples collécted in January-and April Nl'99.3. There were no adverse effects on algal
cell n@ber in ény of the testing events using Waters collected at site tﬁis site.

Fathead minnow survival was reduced in samples collected in July, 1992 and J anuary, 1993
at site SC-5, located on Piru Creek. Ceriodaphnid sﬁrvival was not affected when exposed t§ any

of the samples collected from this site, but reproduction was reduced in the January, 1993. sample.
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Santa Clara River
This sample from SC-5, also inh_ibited algal'cell grqwth.

Survival of fathead minnow larvae exposed to samples fr;)m SC-4 (Sespe Creek) was reduced
in the January, 1993 testing e.vent and growth was reduéed in the sample collected in April, 1993.
Total mortality occurred in C. dubia tests with the saﬁple collected in April, 1993 and réproduction
in C. dubia was reduced in tests with the January, 1993 sample. There were no effects on algal cell
numbers in any of tﬁe samples collected from this site.

There were no effecté on fathead minﬁow survival or growt}l in tests with any of the sami)lgs
collected at SC-3 (Santa Paula Creek). These samples did not afféct the survival of C. dubia, but
reproduction in thésé organisms Was ;éduce.d in tests with samples collecte& in January and April, :
1993. No effects on al‘gée_ in aﬁy of the saniples coliected from bsite SC-3 were observed. |

There were no effects on thevsur\"i.v‘al of fathead minndw larvae exposed to aﬁy of the
samples obtained at site SC-2 (Sant‘al Clara River ét Newhall Road): Howevcf, growth was reduced
in the sample collected in July 1992. The results of the tests.with C dubia were similgr.to those

obtained for SC-6 and 7. There were no effects on survival, but reproduction was reduced in the

- January, and April, 1993 testing events. Algal cell numbers were reduced only in the July 1992 |

testing event with sample water from this site.

A one timé sampling of an agricultural drain (discharginé into the river near SC-2) was made
on July 21, 1992 (see Table 7-A) Jhis sample inhibited algal cell growth as the only signiﬁcapt
effect.

The growth of fathead minnow larvae was reduced upon exposure to water from SC-1 (Santa

Clara River at the Saticoy Diversion) in the July, 1992 testing event. No other adverse effects on
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Santa Clara River

fathead minnow survival or growth were encountered in tests with sémples collected from this site.

There were no effects.on the survival of C. dubia in any. of the samples collected at this site,

- however, reproduction was reduced in tests with the January é;nd April, 1993 water samples. There

were no effects on algae in any of the samples tested from'this site.
Toxicity Identification Evaluations

A sample collected on January 19, 1993 at SC-2 produced 100% mortality in ceriodaphnids,

‘however, toxicity was no longer present when a TIE was conducted. Without TIE data, it is difficult

to determine the cause of toxicity, however, no organophosphates were detected in the sample.
A sample collected from SC-4 in March, 1993 produced 100% mortality in exposed C. dubia.

However, toxicity was no longer present in the sample when the TIE was initiated two weeks later.
Chemical Analyses
Chemical results for the Santa Clara River samples sent for chemical analysis are shown in

Table 8. 'Only one sample was analyzed chemically.

Histobathology

No specimens were collected for histopathologic examination from this watershed.
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Santa Clara River

Summary of Findings |
- Compared with the results from the San Gabriel River and Calleguas Creek, water quality
from this drainage appéared corﬂparatively good. This conclusion is bésed o_h the overall lack of
high moﬂalitieé in organisms expdsed to the test samples.. However, céufion should be used in
applying this conclusion because samples were only collected on a quaﬁerly basis. These wafers
could be ﬂlreateﬁed or intermittently impaired. Nonetheieés, all three of the test siaeciés responded
to samples coilécted from this watershed. This sﬁggests intermittent inputs of toxic materials into
the system. This was especially trué for thé fathead minnows and algae which qnly respondeci in<
20 and in 33% of the samples, respectively.. Conversely, the reﬁroduction of C. dubia was.inhibited
in samples | §ollected from virtually all of the sites, except SC-8, in January and AprilA 1993.
~ Although r‘nost‘of the effects obsgrved were subiethal, no survival o<‘:curr’ed in C. dubz‘a exposed to
Athe SC-4 émple coIlected in April 1993. In addition, only 44% survival oé_curred with fathead
minnow larvae at SC-8 in October 1992; This may have been related to the use of copper sulfaté in
the upstream reservoir. it was confirmed that the reservoir Wa;;s treated with copper sulfate for algae
control on September 25&1992.' Forty-five and 55% surviyal of fathead minnow larvae was also
observed in samples collected at SC-SAin July, 1992 and January, 1993, respectively. This site is also
located downstream of a large reservoir. Algal cell numbers were reduced by approximately 50%

or more in samples from SC-2 (July 1992) and SC-5 (January 1993).
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Santa Clara River
Recommendations

Cdmpared with results from the San Gabriel River and Calleguas Creek watersheds, samples
from thé Santa Clara River drainage exhibited reduced evidence of adverse effects. However, this
méy have been an artifact of the relatively low number of samplii;g eveﬁts (four). Nonetheless, even
though the incidence of acute mértality was low, all of the species exhibited signs of adverée effects
ét differentltimes when éxposed to samples colleciéd from this watershed.

Because of the relatively lpw incidence of acuté. toxicity, no TIEs were performed on samples
from this :site. In most cases, chronic Tfﬁs wouldv have been necessary to identify fhe causes of |
toxicity.

Interestingly, the fact that this wafershed is | still in a comparé;ti\}ely natural state and,

consequently, doesn't consistently exhibit high toxicity, may provide support for an increased

‘monitoring program designed to eliminate toxic inputs and prevent further degradation of water

quality. Thus, continued monitoring is recommended to evaluate trends in toxicity overtime. TIEs,

including Phase Ii and III identification and confirmation components, i.e., more sensitive analytical
chemistry methds, should be conducted on toxic samples. Although chronic TIEs are more
pr;)blematic and expensive.than acute TIEs, the: associated cost and effort would be justiﬁed in order
to prevent further deterioration of the wafer_shed§ Anélytical support for tﬁe TIEs should provide
detectioﬁ limits commensurate with determining effécts at chronic toxicity leyels. .Once toxic
coné_tituer;ts have been identified, 1t should be comparatively easy to determine the sources since the‘
land use mosaic éssociated with the watershed is relatively simple and only th;ee POTWs discharge
into the basin. A follow-up monitoring program should also be maintained to. ‘monitor thé

effectiveness.of any control programs and to identify new contaminants as they arise.
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Diagram and Phofographs of Sampling Sites

Santa Clara ijer :
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SC-1.SANTA CLARA RIVER AT FREEMAN DIVERSION
7121792 :
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SC-2 SANTA CLARA RIVER AT NEWHALL RANCH

7121192
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VIEW OF CROSS SECTION OF ENTIRE RIVERBED
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SC-3 SANTA PAULA CREEK AT HWY. 150.
ACTIVE OIL SEEPS ARE PRESENT AT THIS SITE.
7/21/92
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SC-4 SESPE CREEK AT OLD TELEGRAPH ROAD
7/121/92
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(ABOVE DIVERSION)

SC-5 PIRU CREEK AT CENTER STREET
7/21/92

(BELOW DIVERSION)
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ADDITIONAL COLLECTION SITE (AN AGRICULTURAL DRAIN) NEAR SC-2. WORK
. HERE WAS SELECTED WHEN AN SC-7 SITE, ORIGINALLY SCHEDULED FOR
COLLECTION, PROVED DRY. THIS ALTERNATE SITE WAS SAMPLED ONE TIME
: ONLY (7/21/92). ' ‘

53 {0
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SC-8 BOUQUET CANYON CREEK AT "THE FALLS" CAMPGROUND
517192
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'Summary Tables of Toxicity Tests and TIEs

Santa Clara River

Santa Clara River



Sant.;:valara River.

Table 7.

Summary of toxicity tests conducted on samples from the Santa Clara

River Watershed
Test Date Test Date Test Date .Test Date
Site Parameter 7/22/92 10/22/92 1/20/93 | 4/1/93
SC-8 | Fathead Minnow _ 4 » '
Survival (%) 80.4 439" 76.7 90
Growth (mg) 0.456 0.522 0.671 0.545
Ceriodaphnia
Survival (%) 90 100 90 100
Reproduction 40.6 18.44 257 224
Selenastrum cap. -
Cells/ml 2321160 | 2597720 | 1554920 1926946
SC-7 | Fathead Minnow+t _
- Survival (%) N/A 98.3 91.7 75
Growth (mg) N/A - 0.43 0.646 0.329"
Ceriodaphnia
Survival (%) N/A 100 100 100
~ Reproduction N/A 16.8 17.9° 15.7°
Selenastrum cap.
Cells/ml N/A 1708100 1958353 1616513

164




P
- [

(U

Santa Clara River

| Table 7.

Summary of toxici

ty tests conducted on samples from the Santa Clara

River Watershed
Test Date Tést Date Test Date | . Test Date
Site | Parameter - 7122/92 .10/22{‘/92 : 1/20/93 4/1/93
SC-6 | Fathead minnow |
Survival (%) 95 '87.1 83.3 81.7
" Growth (mg) 0.417 0.396 0.515 0.468
Ceriodaphnia
Survival (%) 100 100 100 90
Reproduction 39.5 21.1 18 11"
Selenastrum cap.
Celis/m} - . 2078580 3047240 2024873 1464806
SC-5 | Fathead minnow
Survival (%) 44.7 86.1 55 91.7
Growth (mg) 0.341° 0.409 0.255" 0.578
Ceriodaphnia
Survival (%) 90 100 100 100
Reproduction ~ |  28.5 18.8 12.4° 25.5
Selenastrum cap
Cells/ml 2111900 2636540 185293" 1639593
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Santa Clara River

Table 7. Summary of toxicity tests conducted on shinples from the Santa Clara
River Watershed ‘
- Test Date | TestDate | Test Date Test Date
Site Parameter 7122192 10/22/92 1/20/93 4/1/93
SC-4 | Fathead minnow
Survival (%) 93.3 90.6 73.3 75
Growth (mg) 0.448 0.381 0.659 0.36"
Ceriodaphnia _
Survival (%) 100 - 100 90 0
Reproduction 383 19:3 12.1° 0
Selenastrum cap.
Cells/ml 2028660 2406420 1966633 1684160
SC-3 | Fathead minnow ,
* Survival (%) 100 - 985 88.4 80
~ Growth (mg) 0.434 0.343 0.545 0.457
Ceriodaphnia
Survival (%) 100 100 100 100
Reproduction 33.6 21.6 18.7° 9"
Selenastrum cap.
Cells/ml 2340460 2594620 1612133 1981380
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Santa Clara River

Table 7. Summary of toxicity tests conducted on samples from the Santa Clara
: River Watershed B
Test Date | TestDate | . TestDate | . Test Date
Site - Parameter 7/22/92 10/22/92 - '1/20/93 4/1/93
'SC-2 | Fathead minnow
Survival (%) . 88.3 98.5 81.6 91.7
Growth (mg) 0.384" 0.408 0.662 0.476
Ceriodaphnia
~ Survival (%) 100 100 100 80
Reproduction 333 22.4 21.2° 12.5°
Seleﬂastmm cap.
Celis/ml 430900° 2288000 2037173 1'9'1’ 1540
SC-1 | Fathead minnow -
Survival (%) 966 100 86.7 81.6
Growth (mg) 0.382° 0.385 0.628 0.548
| Ceriodaphnia
Survival (%) 100 100 100 100
" Reproduction 28.33 20.7 17.7 14.1"
Selenastrum cap.
cells/ml 1007580 | 1766780 | 1826199 1374960
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.Santé Clara River

805220

Table 7. %?ﬁllgevrz;gfsfl?:‘iicity tests conducted on samples from the Santa Clara
Test Date Test Date Test Date Test Date
Site Parameter 7/22/92 10/22/92 1/20/93 4/1/93
‘Control | Fathead Minnow'
Survival (%) 100 100 96.7 834
Growth (mg) 0.444 0.385 0.648 0.463
| Ceriodaphnia
Survival (%) 88.89. 100 100 100
Reproduction 33 16.9 25.7 .25.4 |
Control | Selenastrum cap. _
| Cells/ml 1068840 17475 86‘ 1639686

- Significance @ P < 0.05; see Methods for statistical tests.
T SC-7 site was dry on 7/22/92. No sarriple taken.
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Santa Clara River

Table 7a. Summar& of toxicity tests conducted oﬁ sample from
alternate site (Agricultural Drain near SC-2)
Site  Parameter 7122/92
Alternate Fathead Minnow
Survival (%) 95.2
Growth (mg) 044
Ceriodaphnia
Survival (%) 100
Reproduction 42.7
Selenastrum cap.
Cells/ml " 661460

- 169



Santa Clara Rivef

Table 8. Summary of Analytical Results for Santa Clara River

(6/92 to 4/93)
Date Sample ID Ag)l Detection
Sampled (Site #) . Eureka Laboratories o (ppb) Limits (ppb)
1/19/93 SC-2 No organophosphorus pesticides
‘ detected g
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