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1987 study of stormn water
; runoff in the Los Angeles
dnd San Gabriel rivers and
Ballona Creek dernonstrated that
toxicity. varies within and be-
tween storms otk the same chan-
nel, and between storms on
different channels (SCCWRP

1989}, We repca.ted these studies .

on samples collecied fron the Las
Angeles, Santz Ana, San Diego, .
and’ ijuana rivers in 1988. Storm
water toxicity was mecasured by

- the Microtox™ analyzer system, a
photom tric bioassay that uses

- marine lurmnesccnt bacteria. The. -

- general | health of the bacteria is
indicated by their light produc- ~
uOn ‘When exposeci to:an aquecus
 toxicant, the bacterla pr_\ _'duce less
hght ’ - :

‘The Los Angcles Rwer
© draifis 2,155 km®of western
" Los Angeles County from the -
. San Férnando Valley: through
the City of Los Angeles to Long
" Beach (Figure 1)..It discharged
217 x 10° mPof Tunoff to the
‘Southern ‘Ca,_hf,orr_ua Bight in
1988. The Santd Ana River drains
4,406 km? fronvits headwaters. i in-
the San Bernardino Mountains
through Riverside to Huntington
Beach. Tt discharged 26 x 10° m®.
of water to the Bightin 1988. The
San Diego River drains 1119 km?
from the San Ysabel Valley | '
through San Dlego 1o MISSIOﬂ
beach. It discharged 28 x 10° my
of runoff to the Bight in 1988,
_ The Tijuana River is formed by
the confluence of Cottonwood
Creek, which originates in the
United States, and the Rio de Las

Storm drain output to Los Angeles River.




Palmas, which originates in
. Mexico. The river flows north-
westerly through Tijuana into the
United States to Imperial Beach;
27% of the drainage basin lies in
the U.S. and 73% lies in Mexico.
The river drains 4483 km”® of land
and discharged 40 x 10°m®of
runoff to the Bight in 1988.

: %ﬁﬁ'éﬁteﬂaﬁs and
RMethods

We collected samples from the

Los Angeles, San Diego, and-

- Tijuana rivers on January 17-18,"
1988; from the San Diego-and
T1Juana rivers.on Apnl 14-15,
1988; and-from the Santa Ana
Rwer on Apnl 20-21, 1988. We
collected low flow samples from

‘the Los Angeles River on October
31, 1986 and from the Sar Diego

" and Tijuana rivers.on September

22, 1987. Samples were collected

from the Los Angeles River at

Willow Street in Long Beach;
from the Santa Ana Riverat
Hamilton Avenue on the border
between Huntington Beach and
Costa Mesa; from the San Diego
River at Fashion Valley Road in
San Diego; and from the Tijuana

River.at Dairy Mart Road in San
‘Diego.

Seven to 10 samples were

- collected from each channel

during each storm, usually at ©

hourly intervals (see Mass Emis-
_.sion Estimates for Selected

Constituents from the Los Angeles
River in this volumie for a descrip-

* tion of the sampler). An aliquot

for the toxicity assay was poured
iitto 2 25:mil unused and
unwashed scintillation vial. The

samples were placed on ice and

transported to the laboratory
where they were stored at 4°C.

- We usually tested the samples

within two days using the -

Microtox™ anal ZeT system
Y Y

(Beckman Instruments, Inc.
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1982). Particles were allowed to
settle before a sub-sample was
removed by pipet for testing.
Turbid samples were centrifuged.

" Salinity was adjusted to 20 ppt by

adding a concentrated sodium
chloride solution. The concentra-
tion of storth water in the final
assay was 45%. The toxicity
(percent light loss) of a sample
was the difference in bacterial

- light output normalized to a

20 ppt saline control beforé and
after a 30 min exposure to the
river runoff sample. We calcu-

 lated a flow-weighted meani:

tox101ty for each storm by sum-.
ming individual flow-weighted
toxicities (percent light loss
multiplied by flow rate at sam-
pling) and dividing by the sum of
the flow rates. We estimated the
standard error-with a jackknife

-resamplmg techmque (Efron

1982).

zﬁ!esiu'sts

Relauve toxicities were .
generally hlghest at the beginning
of a storm and decreased as the

- “storm progressed (Figure 2),

During storms, toxicity varied by

-a factor of 1.5-3.5. Figure 2 does.
- not show all the storms that were

sampled. Light loss was 5-17% ...
for San Diego River samples
collected during the January _
storm. During the April storms,
light loss was 17-27% for Tijuana
River samples and 5-18% for
Santa Ana River samples.
Samples collected from the Los
Angeles River in 1987 and 1988
illustrate the variability in toxi-
city within and between storms.
(Figure 3). '

Toxicity and river flow rate
torm a Ioop when plotted by




the time sequence of sampling
(Figure 4). The.piots havea’ Figure 2.

clockwise r Ot?itif)n a'nd t’f’m_c_lt}’ Relationship between toxicity, viver discharge and sampling time for runcff in the:
was generaﬂy hlghﬁst early m'the A) Los Angeles, B] San Diegs, and C) Tuuana rivers. Tox:crty is percent light loss
storm. The time sequence plot for  relative to control.
samples collected from Tijuana A T
River in January is not as circular |
as the others, probably because
sampling did not cover the enﬁre
storim event.

Storm samples from the Los
Angeles and Tijuana rivers, and
low flow sarhples from the
Tijuana River, had the highest
flow-weighted mean toxicities
(Figuré 5). The flow-weighted
- toxicity of samples collected from S S RS e B

the Los Angeles River during the | SR 6 12° 18 o - &
January 1988 storm was lower N ' RV r 7N .- 1/18/88
~'than the flow-weighted toxicity of : ' : T " B
the four storms sampled in 1987 - |
- (mean 25%, range 13-45%; e
'SCCWRP 1989). Low: flow _ ' B
samples were: gcncrally more
_toxic than storm samples from the
same. channel (Flgure 5)
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Discussion

" Rurioff samples collected at
‘low flow and early in storms -~ o o IR ]
generally had the highest C : o o 5 Y .
‘toxicities, Toxicity decreased as | I £/14/88 . 4/15/88 - & -
river discharge increased. This is : BT ‘ . : -
opposite of the trend for particle-

associated contaminants. In
runoff samples from the Los
Angeles River, the concentration
of suspended solids, trace metals,
and chlorinated hydrocarbons
increased with increasing river
discharge (sec Mass Emission
Estimates for Selected Constitu-
 ‘ents from.the Los Angeles River
in this volume). Dissolved con-
stituents may cause the toxicity
observed in the Microtox™ test of
runoff samples. The source of the
dissolved constituents probably
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_.changes before, during, and after
storms, contributing to the sub--
stantial variability observed.

' The source of some dissolved
material during the early phase of
.4 stormi may be the first flush of
water soluble compounds from

‘ ;imperrneable urban surfaces. The

source of some dissclved material

at low flow may be municipal of
industrial effluents discharged
~inio the rivers. From Septernber

1987 August 1988 for exarmple,

- ceffluents from the Tillman, Los .
- Angeles- Glcndale and Burbank
© water teclamation pIants consti-
tuted 85% of the volume dis-

-chigrged by the Tos Angeles River I

at low Tlow (<5 m'/s).

.~ Samples from: the Tguana _

. River had the hlghest flow-

weighted tommty in 1988, due.

. perhaps o raw sewage, mdusnal
-wastes, and agncuitural wastes
that are discharged into the river

* south of the International Berder

“The toxicity of Tijuana River

, samples was comparable to the

- toxicity of Los Angeles River’

- samples. in 1987 (SCCWRP~
1989) Samples from thc Santa

B Ana and San Diegb rivers had the
- lowest toxicity i 1988. The San

Diego River basin is one of the
least modified basins in southcm

- California:

'E‘here was substanuai w;thm— )

- and between-storm variability

in toxicity measured by the
Microtox™ test. Serial-correla-

tions cause the loop, which is

_known as hysteiesm in thie toxic-
ity-river discharge relation
(Whitfield and Schreier 1981).

. Between-storm variability in
toxicity-was high for runoff

_ samplcs from the Tijuana and Los

- Angeles rivers, and low for

samples from the San Diego

Rivér. Between-storm variations
and serial correlations in toxicity

Fagwm 3,

Toxiciy of water samples collected from the Los Mgeles R:ver durmg stonns A

1987 and 1988. -
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result from time differences in
river conditions, biclogical
processes, source contributions,
and storage-discharge relation-
ships (Whitfield and Schreier
1981). Toxicity is not an indepen-
dent random variable and cannot
be analyzed by standard paramet-
ric statistical methods.

Storm water is one of several
sources of toxic constituents {0
the Southern California Bight. To
understand its impact on marine
organisms, more work needs to be
done on the composition of
dissolved constituents, and more
bioassays need to be conducted
with indigenous marine organ-
isms. &

Figure 5.
Flow-weighted mean toxicity and standar
from 1986 16 1988. One low flow sarmpie was collected per c_han'rie_!; Standard error

bar cannot be seern if <1.5%.,

d error for storms and low flows sampiled
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