he Los Angeles River 15 the
largest single source of
gauged runoff to the Southern -
California Bight (SCB). It origi-
nates in the Santa Susana and
Santa Monica mountains in the
western part of the San Fernando
. Valley (Figure 1). it also receives
runoff from the San Gabriel and
Santa Monica mountains, The Los
Angeles River enters the ocean in
Sdn Pedro Bay, but historically it
has changed course several times
and entered the ocean as far noith
- as Ballona Creek and as far south

“as the San Gabriel River., About

40% of the Los Angeles River

" basin (2,155 km?) is upland
‘catchments with. ¢levations up to

2100 m and 60% is low foothills, -

valley floor, and coastal plain

(Brownle and Taylor 1981).

Slightly less than 60% of the river

basin was ¢lassified in 1982 as
urban and suburban 40% as
native vegetation, and 1% as

agriculture (Department of Water

‘Resources 1984):
- Forits size, the Los Angeles
River has the most exiensive
system of contrels of any river in -
the world including check dams,
debris basins, flood control and
storage reservoirs, flood control
basins, and peteolation basins. All
of the river is channelized below
the upland catchments. The Rio
Hondo, which joins the river
15 km above the tidal prism, can .
be manipulated to transfer water
from the upper San Gabriel River
watershed to the Los Angeles

Figure 1.
Map of the Los Angeles River basin.

Santa M(‘)I'Iil:a"
. Bay ’

Drainage Basin - :
C T I S ]
WL [ A

" Kilometers | -

Zh

River (Brownhe and Taylor
1981}, .
There are few published

. estimates of the mass of contami-

nants delivered to the ocean by
the Los Angeles River. The

contaminants come from a combi-

nation of upstream activities,
industrial and municipal dis-
charges and surface runoff. The
objectives of this study were to
measure the concentration of
selected constituents in samples
collected from the Los Angeles
River during storms and low
flows, and to estimiate the annual
loads delivered to the ocean.

Riaterials

and Methods

Water samples were collected

from the Willow Street bridge
- near the mouth of the Los-Ange-

les River in Long Beach between
September 1986 and April 1988.
The concrete-lined channel is 4
126 ny wide at the top, 90 m wide
at the bottom, and about 7. m
deep. Atlow flow, the river
occupies a channel 8.5 m wide
and 0.3 m deep in the center of
the main channel. Flow nieasure-
ments were obtained from the Los




ﬁgm’@ 2.

Flow durationcurve for the Los Arigeles River for modur ed water years @September
to August} 1971-72, 1986-87, and 1987-88. Data are mean daliy volume and flow
rate. [Note Sm3ls is appmxsmate§y 114 mgd]. . .
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. Angeies Department of Pubhc

- Works which maintains an auto-

"matic flow gauging station

1500 m upstream from. the bridge.
- The gauge measures flow from
2,110 km® of urban and rural
iandscape. Annual rainfall data
for Log Angéles were obtained
from the National Weather Ser-
vice data base.
X The sampler consisted of a

- short piece of weighted pipe

¢

contammg an amd—washed 4—
sampling bottle. Stablhzmg fing

- attached o the pipe kept the
bottle oriented into the flow when .
submerged, but cansed the bottle
to rotate upright when the sampler
was femoved from the river. The
sampler was lowered to the river

: by hand from a small davit at-

- tached to the bridge.

About 10 samples were col-

jected per storm on rising and
declining flows. During low to

‘moderate ﬂows the sampier wias

lowered and raised through the
water column. Danng high flows,
the velocity of the river required

. us to slack the lowering line to -

keep the sampler submerged. We
had less control over the sampler
and probably did not sample
ﬁn‘oughout the water column. It~
took about one minuté 'to. collect a.
sample. Two samples were
collected at each. sampimg fime.
The: samplcs were analyzed for
suspended solids, ¢admium,
chromium, copper; nickel, lcad
zing, total DDT, and total PCB
The analytical methods are. .

" présented in Appendix 1.

The load ofa pamcular con-
stituént in a tiver is the total mass -
of the constitpent passing. the'
point of measuremcnt over some

period of time; The loads of
“selected consutuents transported
- by the Los Angeles River were
‘ "=_‘est1mated by two methods: a'ratio -
estimator: and a rating ciwve: Both
‘riethods are based on the relatmn
 between river ﬂow and constifu-
. ent concentrauons The ratio
" estimator is a flow-weighted: s
. tiiedn constituent concentration -
. that is- mulﬁphed by the average
- daily flow to estimate the daily
Joad. The ratmg curve is an .
empmcal regression of constltu—

ent concentration VGI'SUS rwer

- discharge. The rating curve
 predicts concentrations from
" average daily flows; the two

numbers are multiplied to obtain
the daily Joad. In both methods;
daily loads are summed to esti-
mate the annual load. Concentra-
tion data were stratified by flow -
to reduce skewness and variabil-
ity. The inflexion point on the
flow duration.curve was selected
as the cutoff between low and
high flow days (Figure 2). This
corresponded to an average daily
discharge of 5 m?s for the recent




Figure 2.

Logiog piot of the concentrationof ' suspended sohés tead, zing, amé total DT versus mstantaneous fiow for Los Angeies River .
samples collected from September 1986 to April 1988, Data are stratified into high {H}.and low {1} flows; regressions used
for the rating curve estimates dre shown for dachystratum. Instrata where regressions were not significant, meahs [*} were

substituted. Outliers go j were deieted from the f nal regressncn
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data and 2 m3/s for zhc hlst(mca}
data. Load estimation ‘technigues’

| .are presented in Appendix 2.

* . Atvarious times from 1971
through 1985, SCCWRP col-

. lected runoff samples from the

- Los Angeles River. We compiled
constituent conceﬁtration data,
mstantaneous flow at the time of
samphng, and daﬂy mean-flow.

‘The original concentration data” -

were obtained from Iaboratory .
notebooks archlved at SCCWRP.
Annupal mass emissions were :
estimated for water year 1971-72°
from data for 1971 through 1973
(SCCWRP 1973). The historical
and recent data were nsed to
gstimate mass emissions for

mdlwdual sterms from 19’71 ‘
“through 1988 (SCCWRP 1973,
Young ef al. 1980) Annual and’
stormi leads were estimated by the
“same methods that were applied
to the recent data. The reader
should bear in mind that analytl-
cal methods have changed over
the past two decades.

: 156 X 305
‘study year (Sf:ptember 1987
through August 1988), rainfall
‘was 31.7 cmand dlschargc from

' the river was 217 x 10° m

E’%@wlﬁs

During the first s!;udy year
(September 1986 through August
1987), rainfall in Los Angeles
was 19.5 em and discharge from
the Los Angeles River was

3 Durmg the second '7

r was 217 %, Most
of the discharge from the river

* occurred between January and

March (Figure 3). High flow days
(mean daily flow >5 m¥/s) oc-

- curred 8% of the time during’
-1986-87 and accounted for 39%

of the anaual discharge {Fig-
ure 2). High flow days oceurred
9% of the time during 1987-88
and accounted for 57% of the'
annual discharge. Peak river
discharge during the study
(687 mv’fs) was about 20% of
the ali-time peak discharge.




’ Fﬁgwm 5.

Estimated riass emissions of suspended solids, totai DDT, and total PCE from the
Los Angeles River during 15 storms from December 1971 to danuary . 1988.
Estimates for individual storms were calculated from flow-weighted mean concen-

trations of each constituent for each storm.
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(>3,650 m¥/s, February 1980).
Fifty-four samples were
collected during storms and low

“flows. Discharge from the Los
Angeles River during the six

sampled storms ranged from
29x 10 m* 10213 % 105 m
(mean = 12.9 x 10° m?). Except
for cadmium, the concentrations
of all‘ constituents meéasured in the
Los Angeles River were posi--
tively correlated with river flow
and suspended solids (Table 1).
The empirical relationship
between flow rate and concenira-
tion changed from low t6 high. -
flow regimes for most constitu-
ents (Figure 4). Regressions of -
log concentration on log flow
were not significant for nickel,
lead, total DDT, and total PCB at
lew flow, and for cadmium at
high flow. Except for cadmium,

.70-95% of the estimated annual ,_
constituent loads were dlschargﬂd e
- during high flow days (Table 2).

One-third to one- half of the
estimated annuil load of cad- - .
miurm went out durmg high flow
days.

- Total high flow volume

B increased 104% from 1986-87 0.

1987-88. Consequently, the mass

" of solids and contaminants dis-
- charged during high flow days’

mofe than doubled and the pro-

" portion discharged during high -
flow days increased in 1987-88

(Table 2). Total low flow volume

and the mass loading of solids

and contaminants during low flow

days were similar in both years.
Annual mass loading estimates

. of most constituents were higher

for the ratio method than for the
rating curve (Table 2). Estimates
for suspended solids were
65-105% greater; estimates for
copper, lead, and zinc were
30-70% greater; estimates of total
DDT and total PCB were
70-185% greater. Annual mass




loading estimates of cadmium,
. chromium, and nickel were
similar between the two methods.

Discussion _
River Discharge and
Load Estimates

-Discharge from the Los
Angeles River comprises surface
runoff, groundwater runoff,
storage releases, and point source
discharges. During the first study
year, rainfall in Los Angeles was
48% below its long-term average .
(37.5 cm for the past 112 yr) and

river discharge was 18% below its -

long-term average (189 x 10°m®
for the past 60 yr). During the
second year, rainfall wis 15%
below average and discharge was
15% above average. In both
years, the Los Angel¢es River
contributed 33% of the total
gauged discharge to the SCB.
From the first year to the
second, rainfall in Los Angeles
increased 63% and discharge ..
from the Los Angeles River

increased 39%. Low flow volume
was similar in both years, but
high flow volume and the esti-

mated constituent loads doubled.

This is not surprising because. the
concentration of all constituents
except cadmium were positively
correlated with flow and sus-
pended solids.

Effluents from water reclama—
tion plants compose a significant

portion of the discharge from the

Los Angeles River. On average,
the Los Angeles-Glendale,
Tiliman, and Burbank water
reclamation plants discharged
196,200 m*d (52 mgd) in -
1986-87 and 239,900 m¥/d"

(63 mgd) in 1987-88 of sangd-
fﬂtered secondary effiuent into
the river, These efﬂuents consti-
tuted 69% of low flow, 9% of.

‘high flow, and 45% of total river
- discharge in the first study year;

and 85% of low flow, 6% af high
flow, and 39% of total river
discharge in the second study

~year. Except for cadmium and
nickel, the combined mass emis-

stons fromi the plants accounted

for less than 30% of the estinﬂated

- loads delivered to the ocean by

the Los Arngeles River (Table 3).
There are-few published
estimates of mass inputs to the
SCB from the Los Angeles River,
Brownlie and Taylor (1981)
calculated that the Los Angéles

-and San Gabriel rivers delivered

315,000 mt of sand to the SCB

- each year after urbanization and
950,000 mt/year before urbaniza-

tion, The Los Angeles River is
56.4% of the combined area;
assuming equal sand delivery per
unit area, the river would deliver
178,000 mt/yr. on average to the -
SCB. Eganhonse and Kaplan

(1982) calcuiated that the Los

Angeles River delivered :
150,000 mt of suspended solids o
the SCB annually from 1960 to
1975 when mearn annual river
discharge was 198 x_10° m® and -

. IBean rmnfaﬂ was 36 cm. These
estimate’s are sumlar to the ratio -

nethod estimate for suspended . -
solids in 1987-88 (155,000 mt), a
year of below average rainfall

(32 cm)

T&hﬁe ﬁ v,

Spea rmantankcorrelation coeffici ients {r.Jamong coristituents measured in runoff samples collecteci from the Los Angeles River
. at Willow Street in Lonhg Beach between Septermber 1986 and April 1988, N=54 except for suspended solids where N_Ss
_.S|gnlf“cant at p<0.05; **-sngnlflcant at p=0.01.

Discharge Suspénded solids
Suspended solids T20%% —
Cadimiuma ' ~154 061
Chromium S07* JIBTEE
Copper Rl L 8297
Nickel Ag1E* B13%*
Lead 691%* JT36%*
Zine OT1*F B45%x
Total DDT* J1o4%* SGOTH
Total PCB® A A0g**
Sum of o-p” and p-p° isomers of DDT, DDD, and DDE
*Surn of Aroclors 1242-and 1254




Historical Comparisons

- Flow-weighted mean constitu-

ent concentrations were compared -

between the present study and-
data collected in the early 19705
(Table 4). The concentrations of
lead, DDT, and PCB have de- -
clined at hlgh and low flows. The
‘concentrations of suspended -
solids, chromium, and nicke] have
- declined at low flow. Interpreta-
tion of the changes is confounded
by the fact that the effluents of
_ three water reclamation plants
- that iow constitute 70-80% of
river dlschaxge at low flow, did
not-exist in the early 1970s. Their
impact on river discharge is
- evident in thé upward ‘shift of the
* flow duration curve and. its

inflexion point from 1971 72 w

1986-88 (Figure 2).
_ The declines in ﬂcw—wcrghted
concentratlons at low flow could
. be due to dilution by tieatinent. -
plant effluents. After subtcacﬂng
ont the mass conmbuted by ihe
- three reclamation piants the
estimated eoncentration of sns- -

- pended solids in the river was

. 216 mg/l in 1986+ 87 and 424mg/1
T in 1987:88. Boih cstlmates are
wﬁhm the COandCHCG lm’nts of the

Ratjo Esti;_naﬁor
198687 1987-88°
Flow ' Hagh Low . High = - . Low .
* Number of days - - 28 33 32 . 3%
Vciumﬁ (K 105 m% : 60.7 95.8 1246 93 3
: Suspended sohds (mt"‘) 72437 6,799x . 148911 6,627
) Cadmium {int) ' D20 0.40 - i 041 - - 039
Chfomium ¢mi) ~ - . 2.6 Lt 53 1.0 .
Copper (mtjy - 8.4 Le - A L6
Nicke] (mt) 30 iz - 61 12
Lead (oot) ‘ 14.7 22 300 Co21
Zmcmy 305 78 . 766 N T
DDT(g?) . -~ - 96 e, 188 -
PCBGg).. . . 188 . no ¢ 384 49
. mit=metric wons 7 - o - C
~*Sui of o- p and pp” isomers of DDT, DDD, andDDE S
'cSum of Aroclors 1242 and 1254 S '

‘conccntrauon of suspended sohds
in 1971-72. Compaﬁsens of flow -
" weighted mean coneentrations aré
. mgre appropnatc at hlgh fiow

when treatment plent effluents ©
made.up Iess than 10% of fiver -

Volume
“The estimated mass Toads of
suspended solids’and: chlorinated

* hydrocarbons discharged: during
© stormis during the past two-de- |

-cades is further cvide‘ncé'for the

declines (Elgure S): Suspendcd

 solids emissions are positively -

correlated with storm discharge

gvolume for the entire penod

(Spearman rank r =0.560, .

p<0.05). Ernissions of DDT. (r =
© 0018, px0.50) and PCBiG="
.+ -0.218, p>0.20) are not; however o
 DDT and PCB emissions are .
_correiated (r —0 767 p<0 OOI)

’ E’abse 3.

' 'Esﬂmated combined mputs to the Los Angeles River from the Los Angeles—Glenda!e Tziiman, and Burbank water reciamatlon o

) piams m 1986-87 and 1987 88 §September to August) Concentrataons of DOT and’ PCE were beiow detection E:mrts

| 1986-87 - 198? 88

Volame (x 1071} . 70.7 85 7
Suspeénded solids (mt?) . : C. 188 247
Cadrmium (mt) o . 1.1 6.72
Chromium {mt} 1.1 0.45
Copper (mt) 2.2 23
Nickel (mt) 6.7 3.1
Lead (mt) 2.3 2.3
Zing {mt) .45 5.4

. ‘mi=metric tons




Rating Curve
198687 198788
High Low ngh Low
337 3% 334
60.7 95 8 124, 0 93.3
33,807 4 507" 89,409 4,560
0.22 0.87 0.45 Q.85
2.1 0.9 4.9 0.8
5.1 1.9 122 1.8
2.3 . - L3 : 53 0, . L2
Coer 2. - - 225 o2
054 - 5.2 55 .. | 48
3.1 0:6 8.5 06

S A S SIS «

Yabﬁe 2 ﬁ.eft;

Annual mass andmg estimates fcr the‘ '
Los Angeies River bythe ratio estimator
andrating curve techniques. Mean daily
flows between Septembier 1- and Au-
qust 31 were: stratified at'5 m¥s. “The -
number of days ahd volume are pre-
sented for each stratim. All éstimates
- are wet weight except suspended so!—
ids, which is: dry we:ght

'E'abﬁe &. §Beiewl -
F!ow-we{ghted mean concentrattons '
and approxsmate 95% - confidence in-

. tervals (m ‘parentheses} of seletted con-

stituenits in rupoff samples collected.
from the Los Angeles River in: 197172
{SCC\XIRP 1973} and 1986-88. Fiows
Were strafified at 2 m¥/s for 197172
and 5 m/s for 1986—88 based on flow
duratlon curves; Approx:matﬁ confr— s
dence |ntewals were. ‘deterfnined by -

bootstrap samplmg onglna[ data 106
_ tirnes {Efrofi 1982} in 1971-72, hlgh,

flow discharge was 68.2 X186 m® in * ‘

27 days dnd low fow- duscharge was‘
274x%0‘m3m339days e

197172 0 e - 198688

Lowflow. -~ -

- T

—‘Suspended sohds e - 1358 " me T Lo 1194.
,(mgﬂ) T (”10%17'64.).__ . (942 1372)

gm0 198688 ¢ -

(139:586) - wsen.

o - SR S

SR

42

Cidmium T 33 B2 A
(ighy - G316 5 . (64 1) @353 . 6348
" Chiroriium - Tagh Tt g " | e o 11’4
s Gy | 913y sy (48 182) ‘_ T LR
' c_‘iigper- . 130 138 - e C 7
© ey (39:-23%) d15161) Casasty s,
 Nickel 70, by R
(el (31112 @957y (19-91) (215)
 Léad . 1076 Coa oA 23
C e (358-1805) (192-291) 80992 (-4dy ..
Zine . 1606 618 5977 sl ]
‘e #82:2251) (530-721) 67-1354) @7115)
Total DDT 113 - 0.6 025 0.01
(ig/) (6.70-1.57) ©.10-0.28) (0.07-0.48) (<0.01-00D)
Total PCB 393 0.31 . 185 0.02
Qe (1.56-6:60) (0.16-0.45) ©.17-3.84) (<0.01-0.05)

‘Sum of g=p” and p-p’ 1somers of DDT, DDD and DDE
"Sum.of Aroclers 1242 and 1254




The declines in lead, DDT, and

PCB are real. Increased regulation -

and source control have reduced
the amount that. reaches the ocean
via runoff

E?wes' and Eﬁumcmaﬁ
Wastewater Mass
 Emissions

‘During the present study, .
annual mass loading estimates of
cadmium, copper, lead, zinc, and

+ total DDT were comparable
- -between the Los Angeles River
and Los Angeles County Joint .- .
Water Pollution Control Plant |
(JWPCP) (Table 5). Given-the
“uncertainties in the ioad estunates
for the Los Angeles River, mass
emission estimates within a factor
" of two were considered similar. -
“Annual mass-emission estimates
~ of chromium and nickel 'were .
* greater for FTWPCP. Aniiual mass
emission estimates of suspended
sotids and PCBs were gre'ater T
for 'the Los Angeles River, -

These compadrisons are not
_xigorous and ovcr—mterpretatmn
~should be avoided. For cxample
the composmon of suspended

solids differs between the two
sources. Effluent particles col-

" lected from JWPCP in May 1990

averaged 41.3% total erganic-
carbon (sd=1.5, n=2} and 4.8%
nitrogen (sd=0.3) for a C:N ratio

. of 8.5 (sd=0.2). Suspended
sediment samples collected from

the Los Angeles River during’ a
January 1990 storm averaged

. 9.2% toial organic carbon .
(sd=3.5, n=24) and 0.8% nitrogen

(sd=0.3) for a C:N ratio of 11.7

(sd=1.5) (SCCWRP, unpubhs_hcd'
‘data). The bioavailability of = =

contaminants-adsorbed to- Sus-

pended sediments in runoff and

- wastewater particles in effluent -
are likely to differ. Furthermore,
“discharge from the Los Angeles

River and efﬂuent from JW PCP

-enter the marine ecosy%tem in

different habitats and probably
have different fates. ~
Improved municipal wastewa-

| ter treatment practices and source
control have reduced the mass
einission of contarmnants to the L

SCB over thie past two decades
(Schafer 1989). Source control

E may:haﬂvc“' ai-so‘.redUccq the'mass
 loading of lead and-chlorinated
hydrccarbons to the SCB via

@@ﬁséws@ﬁs- ,

© measurements and consmuent

‘Obtaining depth-integrated
. are discharged during high flows, '
-sampling bias can effectload

‘assurned that flow measurements
" and constituent concentranons

| '_Ba.sed on SCCWRP laboramry

surface runeff. In the 1970s,
municipal wastewadters were the
source of an order of magnitude
more contaminants than surface
runoff (SCCWRP 1973, Young et
al. 1980). Today their relative
contributions are comparable; in
wetter years; their relative contri- -
butions may be reversed.

The ad.cquacy of the samphng
device and the accuracy of flow

concentrations were not addressed -
in this stody, but are clearly
important. During storms, flow
rates in the Los Angeles River -
can change by two orders of
magnitude in less than one hout.

samples at high flows is diffieult.
Since most of thé contaminants

estimates. In this swdy, we

were mcasured Wlfhﬁllt ErTor.

‘E“abﬁe 5

Estimates ofannualmsss emlsssonsfrom .

the Los Ahgeles River {LAR) for 1986-87-

and 1987-88. Ratio iL ) and rating.
curve (L, ) estimates are based on imean
' daily fiow from September 1 to Augist
31. Estimates for the Los Angeles River
during 1971-72 are based on data col
lecied Between 1971 and 1972
(SCCW/RP 1973} Mass emissions from
Los Angeles County Joint Water Pollu-
tion Control Plant {JWPCP) are for cal-
endar years 1971. 1987, and ‘1988
{(SCCU/RP 1973, 1987, 1989). All esti-
mates are iy wet weight except sus-
pended solids, which is dry weight.

. Volume (x18°m¥:

* Suspended solids (me®)
Cadmiurh (int)
Chrominm {mt)
Copper (it}

" Nickel (mt)

Lead (mty
Zing (mt)

Total DDT (kg
Total PCE (kg -

1986-87 .

LAR-L_ “LARL, JWPCP
156 156 506
38,714 79,236 - 36,912
1.09 0:60 - 1o
30 37 26.3
7.0 100 212
36 4.2. 25.8
11.2 16.9 233
306 . 453 60.7
- 0.6 303
9.5 207 <50

*mi=metiic tons

“Sum of Aroclors 1242 and 1254

Sum of o-p” and p-p’ isemers of DDT, DD, and DhE




GA/QC procedures, this assump-
tion 1s warranted for constituent
concentrations. The-accoracy of
flow measurements is unknown. .

Accurate Ioad estimates also
- Tequire sarnphng strategies that
produce precise estimates (mini--
mum variance) and estimators that
are unbiased. The precision and
bias of Toad estimates depend on
sampling frequency, sampling
stratification, and calculation
method (e.g.; Richards and
Holaway 1987, Young et al.- -
1988). River loads are best esti-+
mated by frequently measuring
. contaminant conceéntrations. Where
this is 1mpractlca1 simulations can
“be used to-assess the accuracy and

prec151on of various estimagion - -~ -

methods and sampling strategies
(Ferguson 1987). For example,
: suspended solids ate correlated -

" ith pamcle—assocxated contami-
* nants. Data from a preliminary

o study with frequent measurements

" of sugpended solids at low and
" high flows.cotild be modelled to
determine thé best sampling design’

* . and estimation method for trace

'contammants tha,t are tll’Ile COH-

" California Institute of Technology
~ Pasadena CA, 3I4p :

E ,Phlladelphxa PA 92p

- 3150+

’-undereshmated by ating curves.
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' Anaﬁytaeas Meghods

Two 4-] water samples were
coliected at gach sampling time.

- The botiles and their: Contents were

swirled and divided among a 1+
acid-washed polyethylene botile

“for analyses of trace metals, an.
.identical containér for analysis of
| suspended solids, and-a 4-1 acid- -
washed glass bottle for analyses of
. total DDT, and total PCB. Samples.”
| for suspended solids and trace |
| metal analyses were refrigerated at
-5°C until analyzed. One hundred

mﬂhhters of n—hexane WAS added

- tothe sample for trace organic

| analyses. Samples that could not be .

- extracted 1mmedlate1y were
pmsoned ‘witks HgCI2

Samples collected for trace .

- organic analyses were extfacted

with 100 mi of chloroform three

tlmes in suecession and the extracts
S Were combmed Approx;mately

o half of the exiract was transferred

' info a tared flask and the chloip-. °

form was removed by rofoevapor- .

.| "ation. The flask was desiccated for

24 hir and then: resquended i

* on activated Florisil (750°'C for 4 hr)

and.analyzed for selected chiorinated

“hydrocarbons on 2 Varian 4600 high
-resolution gas chromatograph '

equipped with an electron capture :
detector. -

: Samples collected forirace metal
analyses were prepared by evaporat- .
ing a 500 ml aliquot to approximately * -

- 10 ml on a.hot plate. Twenty millili- -

ters of nitric-acid were added and the

' Sample volume was reduced 10

2-5 ml, Finally, 20 m} of hydrochioric

-+ acid were added anid the’ sample was
evaporated almost to dryness. The .

digest-was nnsed and filtered through

, Whatman No 40 filter | paper using -

distitled water and the final volume:
was adjusted to 20 ml. Metals were
determined by aspiration into the |

~ ~.flame on a Varian AA6 Atonnc .
: Absoxpnon Spectrophotometer

Suspcnded solids were dctefv o

'mmed by filtering a. 10t0100mt- - -
'ahquot thtough 2 Whatman GF/C

filter. The filters plus solids were  ©
dried at. 105°C for 24 hr, cooled and o

Welghed




;A*épgenﬁix- 2y
Load Estimates.

- The load of a particular constitii-
ent in'a river is-defined as the total -
mass of the constitaent passing the
ppmi of fneasuiement over sofme -
petiod of time. The instantaneous
iransport rate (mass/time) of a
constituent—the product of its
concentration € (mass/volunic) and

river flow rate O (volume/time) — is
relatively easy to estimate. However,
- loriger term loads are generally of
more mterest Preblems arisein
_ estimating 10ng—term lpads because
“flows are usually monitored coriliriu-
, ousiy or at short intervals, while -
* river.samples are coflected much
“less frequently. E.oads of selected
cpnstitueriis transported ifxthe Los
- Angeles River.were estimated by.
_ ‘two miethods? atio estimator and

- ratmg curve. Measurement errersm ,' N
Q and C.were, assumed to be negh— s

g}ble :
© Thg ﬂow—welgh‘ted ratl() esmna—
. tor isbased on the relationship .
between flows and loads (Ec;uatlon 1
in Table 6). where L 1s the comstity- -
entfoad, O is the mean period. flow, -

- Tis the total time in the period, ¢;is’

- the ith concentrauen, and g is. the -

correspondmg flow rate: {’I‘he flow-" | =
!_ Welghted meanconcentration for the S

penod is given by: Equation:2" - -
- (Fable 6).] This method assumes
“that flows are continagusly nioni- *
- toréd, mgan flow, canbe detenmned
- accurately, concentratlons are ‘
related to ﬂews and the underlymg
dlsmbutlons are apprommately
. pormal.
' The rating curve method uses rhe
empmcal reiatlonsmp ‘between -
constituent concentration and river
dxscharge t&o_est\;mate concentrations
for flows,not sampled (Equation 3 in
- Table 6). C,is an estimate of the
mean concentration in 1og units
when river discharge is 0, in log
units; @ and b are fitted constants
estimated by ordinary least squares -
regression. This method assumes
that the relationship between log

conceniration and log ﬂéw is lingar,

-errors dre random and agditive, the:
. C s at any @, are log ﬂonnally

dlstnbuted w1th homegeneous .
variances, and measurement erors
in the Q s are negligible. The

“antilog. (Equatlon 4 in Table 6)

estimates the geometri¢ mean C at
each @. The total load for the peri'od
is-given by Equation 5 (Table 6.

. where m is the number of intervals -
* + for-which'discharge ratés are known.,

and 3t is the time interval between

- discharge measuréments, However,

the geometnc mean estimate of €18 -

" ‘biased dowriward. The bias-cor-

rected estifiate of the total loadis -

‘ gwen by Equation 6 (Table 6) wherel

sis the standarg error ‘of the Jeast -

- squires estimate of C.in log umts

(Ferguson 1986 198?) Plots of

residuals wore examined for eachr

_ constituent and outliers were subjec-.

tively eliminated from the final -
regression. If the slope of the log-
linear-retationship.was siot 31gmﬁ- :

© cantly different from.zero, the arith-

metic mean constlment concentratmn_ .
was subsntuted for i (6) and po-

_correction factor was apphed

The dlStI'lbl:ltIOIlS of Q and.C fof

. the Los Angeles River were generally

posmvely skewed arid spanned up 6

- three orders of magmtude "The

: greatest range of measurements in

* bothflows and concentrat:ons oe-
cutred during storm events that

occurred sporadically, but contnbuted.

Slgmﬁcanﬂy to-annual’ runoff volmne

and contammant ioads Toredice

."",.’.skewness and vanabﬂlty, concentra-
~-=t10n data were stratlﬂed by ﬂow The

| 'E’ahﬂe &.

. Equattons used to. esumate Ioads See text m Appendlx 2 for expianataon

bR T T vl
T 6.4 o ('
lql ) N
:E qi | = .
long —a-;b}.OglOQ - (3}_.. 
Grutel @
m, ,
= o8
=l 7 -

| s & | oX: -.2 ‘/ . .

= =£"1 CQ 3t exp (2.65157) | ©




inflexion point on the flow duration
curve was selected as the ‘cutoff
between low and high flow days

" (Figure 2); this-corresponded to ani
-average daily discharge of 5 mY/s

 for the recent data and 2 m?/s for the
historical data. Stratification =~
reduced the residual sum of squares
of the rating curve method by an’
average of 18%over the unstratified
_case for the recent data; no im-
‘provement was obtained for the
historic data. L, and L, were esti-
matcd for edch sUatum and the :

“ factors. The ratio. method weights

e'stimates were summed to obtain
annual loads. Contaminant data

‘fromt the two years were pooled to

increase the’ sample size in each
strati. o
Differences in load estimates

V between the ratio method and the

ratmg curve are due to several - -

concentrations by flows and empha-

* sizes high flows and high concentra-

tions; the assumpﬂons are generally
mef by the data. The rating curve -
estimates constituent concentrations

for a given daily flow and is more
sensitive to flow intensity; the as-
sumpfions ar¢ more restrictive and
probabiy weie not met by the data.
Both methiods suffer from sanipling
that did not cover the range of ob- _
served flows, a high proportion of

samples of some constituerits with

non-defectable-masses; and small
sample Sizes. Since the “true load”
of any of the constifuénts measiired -
1$ unknown; it j8 not posmbie o

- determine which estimation ~_ - -
‘method is 1nore accurate. )

Storm water runoff in.the Los Angeles River.




