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ABSTRACT

A method is described which relates the size (sq km) and
biomass of altered macrobenthic communities to the mass emmission
rate of suspended solids from ocean wastewater discharges. The
approach also relates altered function of communities as measured
by the Infaunal Trophic Index to the rate of suspended solids
discharge.

The relationships are useful in projecting the size of areas
altered by wastewater emmissions and in projecting possible eco-
logical consequences of reductions or increases in solids emmissions.
The exponential nature of the relationships suggests the possib-
ility of substantial benefits from solids control of large dis-

charges but minor benefits for smaller discharges.



INTRODUCTION

Many government agencies need methods for predicting the mag-
nitude and quality of biological changes caused by wastewater
discharges. At the present time, marine scientists are able to
suggest which of a number of benthic species will increase or
decrease in abundance in response to a particular discharge
(Pearson and Rosenberg 1976; Word et al. 1977) but to our knowledge,
no one has suggested how to forecast the total magnitude of effect
that a particular discharge might create in a benthic ecosystem.

This paper describes an approach that may be useful in quan-
titatively projecting some of the effects of sewage solids on
marine benthic communities of the Southern California mainland
shelf. The approach is based on a comparison of the size of
bottom areas now affected by changes in benthic biomass and commu-
nity trophic structure at a number of small, medium and large muni-
cipal outfall sites located on the Southern California shelf.

Municipal wastewaters contain amixture  of gross and trace
constituents which, in the absence of toxic concentrations of
toxicants, can enhance phytoplankton production in the- waterxr column
(Eppley et al. 1972) and stimulate the growth of a number of ben-
thic invertebrates (Smith 1974; Word et al 1977; Young.and Young,
in press). Under equilibrium conditions, therefore, it should be
possible to demonstrate a direct relationship between the input of
nutrients or organic matter and the total population sizes of or-
ganisms whose growth is stimulated by the input. These equilibrium
conditions are essentially those of a chemostat which requires
(a) a continuous, controlled and constant input of growth-promoting

material, (b) an overall flow rate through (or past) the



system that is either constant or equally variable in all experi-
ments and (c) a population or community which has reached a
constant biomass or size. -

Such conditions can only be met in carefully controlled
laboratory studies. However, we believe they are partially met
in benthic environments surrounding major outfalls which discharge
treated sewage at a number of deepwater (20 to 60 m) localities
along the Southern California mainland shelf. (Figure 1).

For example, each of the five outfalls cited in this report have
been discharging rather constant amounts of growth-promoting
materials (suspended solids, BOD, COD, nitrogen, phosphorus, etc.)
for one or more decades (Schafer, 1977 and 1979). This could
satisfy the first criterion. Current measurements indicate that
all sites are subjected to longshore currents which are variable,
but which do have similar energy spectra (Hendricks 1977); thus,
the second criterion is partially met. Finally, repeated quart-
erly, semi-annual and annual benthic surveys around these sites
indicate that both chemical contamination of sediments and that
certain parameters of the composition of benthic infaunal commun-
ities are generally constant and predictable within a given dis-
tance of each discharge site (Mitchell and Schafer 1975; Mearns,
in press; Word et al. 1977). Thus, it is reasonable to
assume that chemical and biological conditions at these sites are
generally in equilibrium with inputs.

Increased biomass (ie. gm/mz) of infauna is one response

common to the benthic infaunal communities adjacent to major



Southern California ocean outfalls (Mearns and Greene 1976) . It
is likely that this increase is related to increased secondary
préduction which has been documented at other sites (eg. Smith
et al. 1973) and which results from utilization of the increased
organic carbon input into the benthic ecosystem.

Organic carbon input rates have not yet been measured for
the Southern California benthic communities affected by sewage
outfalls. However, in the past, benthic chemical and biological
conditions have responded rapidly and dramatically to changes in
total suspended solids mass emmission rates (such as at Point
Loma; Orlab 1977). If we assume that the overall organic content
of sewage solids does not differ substantially among domestic
effluents, then there should be a direct quantitative relationship
between suspended solids mass emmission rates and sizes of stim-
ulated benthic populations, when discharges of different mass
emmission rates are compared.

Unfortunately, no one has attempted to assess total “"excess"
benthic population sizes around discharge sites. One way to do
this is to simply extrapolate the total size of excess biomass
from field benthic surveys around the discharge sites. Another
way, in the absence of adequate data on biomass, is to use some
indicator of the size of changed populations; eg. the area (sg km)
occupied by distinctly different populations or communities. To
do this, some criterion is needed to delineate a boundary of
continuous effect around a discharge site. Numerical classification

techniques (Smith and Greene 1976; Boesh 1977] might be useful.



However, this is difficult at southern California outfall sites
because the outfalls discharge near the slope of the mainland
shelf, affect different depth-related faunal assemblaéés and
produce site-groups which are distinguished mainly by depth
(Smith and Greene 1976).

Word (1979) has suggested a solution to this problem by
classifying benthic organisms according to feeding strategies and
examining benthic communities in terms of trophic strucutre
rater than community structure. From several recent regional
surveys, Word (1979) concluded that the diverse macrofauna of
relatively uncontaminated regions of the mainland shelf is dominated
by suspension-feeding invertebrates such as the brittle star,

Amphiodia urtia (4,000/m2), along the 60 meter isobath. At the

most impacted sites near several waste-discharges, the macrofauna
is dominated by sub-surface deposit feeding animals such as

Capitella capitatta and the dorvilleid polychaete Schistomeringus-

longicornis; in between these "control"” and "degraded" regions are

large areas dominated by many surface deposit-feeding organisms
such. as the bivalve Parvilucina tenuisculpta. By examining feeding
and behavioral information on shallower and deeped water organisms,
Word (1979) prepared a list of nearly 50 taxa which could be
incorporated into an Infaunal Trophic Index. The Index was then
used to delineate regions of similar trophic structure, over a
depth range of 20 to 200 meters around several discharges which

are located at depths of 60 to 100 m. (Bascom 1979).



In summary then, our approach was to estimate the size of
altered benthic-macrofaunal populations, either in terms of bio-
mass or in terms of area of effect (in terms of excess biomass
and altered Infaunal Trophic Indicies); determine to what extent
these variables could be quantitatively accounted for by input
rates of one gross constituent (suspended solids) and, then, to

forecast biological consequences of changing those inputs.



METHODS

Inputs. v

Each of the five major southern California dischargers measure
flow and gross effluent constituents from daily and we;kly com-
posites. From these data, Schafer (1977 and 1979) computed annual
mass emmission rates. For this report, we used 1977 suspended
solids mass emmission rate data to compare with 1977 and 1978
Infaunal Trophic Index surveys of the outfall sites and averages
of 1975 through 1977 suspended solids mass emmission rate data to

compare with 1975 through 1977 benthic biomass surveys.

Benthic Surveys.

Benthic infaunal data from both discharge self-monitoring
programs and from special surveys conducted by the Southern Calif-
ornia Coastal Water Research Project were used in this analysis.

Since 1973 each discharge site received at least four and as
many as 14 synoptic benthic macrofaunal grab surveys with two
to four replicate samples taken at from 10 to 44 stations depending
on the survey site (Mearns and Greene 1976). Various grab devices
(fxrom 0.04 m2 Shipek grabs to 0.16 mzvan Veen grabs) and several
screen sizes were used in the surveys. An overall summary of the
samples inspected for this report is summarized in Table 1.

The differences resulting from these methods were studied
(Word et al. 1976; Word 1976) and certain numerical data and bio-
mass data were modified. More recent collections of samples have
standardized on methods of collecting, seiving samples and grab

types. The techniques used for identification, enumeration, and



weighing were~standardized with all the present monitoring and
investigative groups through a specialized program (Taxonomic
Standardization Program,.Word et al. 1976; Word 1977)+ This
program has resulted in a taxonomic data base- that is internally
consistant.

Charts showing contoured data from these areal surveys are
given in Bascom (1979) for Santa Monica Bay, Palos Verdes, Orange
County and Point Loma, in M B C, Inc., (1975) for Oxnard and in

Greene, (1976) for Orange County.

Estimates of Population Sizes Or Their Indicators.

We chose three variables from these surveys to compute esti-
mates or indicies of population size. First, we estimated the
total excess standing crop (mt) of infauna around each of the five
major discharge sites. Values of benthic biomass (g/mz) for
discrete single surveys were plotted and contoured to reveal the
size and shape of regions of enhanced biomass. Next, a planimeter
was used to determine the total area of each contour; then, we
summed the products of average biomass area for _.each contour
interval and subtracted from this “é%oss“ standing crop the
"background" standing crop expected for the area based on average
biomass values for adjacent control transects. This produced an
estimate of the Excess Standing Crop (in mt, wet weight) for
each site and survey.

Contours of benthic biomass also resulted in estimates of

total area (in sg km) occupied by the Excess Standing Crop and



this was used as a second dependent variable.

Our third dependent variable was the area (in sq Em) occupied
by infaunal communities dominated by deposit-feeding organisms
as determined by the Infaunal Trophic Index (Word 1979). This
method of analysis provides a numerical index (from 0-100) of the
relative abundance of four generalized categories of detrital
feeding in benthic invertebrates in a grab sample. The lowest
index values indicate numerical dominance by sub-surface deposit
feeding organisms while the highest values indicate that the
majority of the fauna is dominated by invertebrates that feed by
capturing suspended particles. This numerical index is highly
correlated with measurements of organic materials in the sediments
(Word 1979) which in turn are related to the amounts of organic
materials released from the discharges. The species used in this
index (Table 2) account for 60% of the individuals collected in
Southern California benthic samples at shelf depths of 20-200 m
in fine sediments. As shown . in Table 2, the species are categor-
ized into four generalized strategies of feeding. - The Index is
calculated with the following formula:

ON, + 1IN, + 2N, + 3N

. _ _ 1 2 3 4
Infaunal Trophic Index = 100 31/3 N, ¥ N, ¥ N, ¥ N,

2 3

Where Ni = the number of individuals in group "i"



Infaunal Trophic Index values were calculated from over 300
Van Veen samples taken arountl the four major urban outfall sites
in Santa Monica and San Pedro Bays and off Palos Verdés and
Point Loma (Bascom 1979). We considered areas with Infaunal Tro-
phic Index values between 30 and 60 to be "changed" and dominated
by surface deposit feeding infauna and areas with Infaunal Trophic
Index values below 30 to be "degraded" and dominated by subsurface
deposit~feeding infauna (Bascom et al. 1979) and estimated the

sizes of these areas by planimetry.

Correlation With Inputs.

Once completed, estimates of sizes of affected areas and
excess standing crops were plotted against suspended solids mass
emmission rates and correlations and bestfit lines computed using

linear regression on log transformed data.

RESULTS.

During 1977, there was a 100-fold range of nutrient, BOD and
suspended solid mass emmission rates among the five major dis-
charges ranging from 1500 MT/Y at Oxnard to 102,000 MT/Y at
Palos Verdes, (Table 3). Previous data (Schafer 1977) indicates
these emmissions have been relatively constant during the past
decade.

Contours of sediment volatile solids benthic infaunal biomass
and Infaunal Trophic Index from areal benthic surveys indicate

that the size and shape of affected bottom areas vary among the



discharge sites. For example, at Point Loms, volatile solids
increased from a bachground of 2.8% to a high walue of 5.6%
near the outfall while benthic biomass increases from™70 g/m2
to 120 g/m?and Infaunal Trophic Index dropped from 93.5 to 33.
Overall, a total of 5.5 sq km were involved in elevated biomass
and 4 sq km in Infaunal Trophic Index values below 60. In con-
trast, peak values for volatile solids and benthic biomass at
Palos Verdes reach 27 percent and 879.g/m2, respectively and In-
faunal Trophic Index reached a minimum of 0.3. Overall, an area
of 30 sq km were involved in Infaunal Trophic Indicies below
60. Conditions for Santa Monica Bay, Orange County and Oxnard
sites are reported in Bascom et al (1979) and Mearns and Greene
(1976) .
The area of biological effects of these sites are summarized
in Table 4 together with estimates of excess standing crop. It
is apparent in Table 4 that both excess standing crops and areal
extent of enhanced biomass and depressed Infaunal Trophic Index
are generally related to suspended solids mass emmission rates.
Since values of excess standing crop, sizes of affected areas
and suspended solids mass emmission rates range from 1.5 to nearly
4 orders of magnitude, we plotted relations between the independent
variable (suspended solids mass emmission rate) and the dependent
variables (excess standing crops and areas) on log-log paper
(Figures 2, 3 and 4). As a first approximation, the four rela-
tionships between suspended solids mass emmission rates (Je)

and benthic effects shown in these figures can be described by



linear regressions of log10 transformed data (Figures 2, 3, and 4).

DISCUSSION.

Characteristics of the Relationships.

Inspections of the exponents in these equations indicates
that each biological variable has a markedly different response
to increases or decreases in suspended solids emmission. For
example, back calculations indicate that doubling suspended solids
emmissions from 25,000 to 50,000 MTY (typical range of values
for moderate outfalls) will increase excess standing crop by a
factor of 3.4 (from 760 to 2,550 MT), the area occupied by that
standing crop by a factor of 2 (from 9.4 to 18.2 sg km), the area
occupied by both surface and subsurface deposit feeding infauna
(characterized by infaunal trophic indicies =.60) by a factor of
4.5 (from 5 to 22 sq km) and the area occupied only by subsurface

deposit feeders (such as Capitella capitata) by a factor of

5.9 (from 0.002 to 0.16 sq km, Table 5).

Forecast for a Southern California Ocean Outfall.

Our main concern for southern California ocean sewage outfalls
was to estimate the ecological benefits of reductions of suspended
solids by various treatment strategies. We used similar relation-
ships and projected, for example, that 85 percent reduction in
suspended solids from the JWPCP treatment plant discharging off-
shore of Palos Verdes would eventually produce a 97 percent reduc-
tion in size of the excess standing crop (from 13,390 to 450 MT)

an 85 percent reduction in the area occupied by that excess



standing crop (from 41 to 6 sq km, Mearns 1979) and an 89 percent
reduction in the lineal distance over which Infaunal Trophic Index
conditions approached background (ITI = 80, from 48 to 5 km;

Word 1979). In addition to providing the dischargers and regula-
tory agencies with some idea of the magnitude of changes that

would eventually occur with this level of reduction, the projection
also provided a testable hyposhesis and guidance for changes in

sampling design for future monitoring.

Application to the.New York: Bight.

We are not certain whether these relationships will work
for the Hew York Bight or other coastal areas where sewage
solids are discharged or dumped. Based on a mass emmission
(dumping) rate of 165,560 MT per year for barged sewage solids
into the Apex (computed from Mueller et al 1976) we project that
there might be an excess standing crop of infaunal on the order
of 21,000 MT occupying on area of 57 sqg km and that an area of
about 300 sq km might be dominated by surface and subsurface
deposit feeding infauna within which is an area of 24 sq km.
dominated by mainly subsurface deposit feeding infauna.(Table 5).
To our knowledge, biomass has not been determined from-Apex benthic
surveys, but Boesch (1979) pointed out an area on the order of
10-15 sq km affected by depauperate fauna surrounded by a larger
area of 240 sq km characterized as an "enhanced transitional area."”
In addition, our inspection of data in Stimele et al. (1979) suggest

an area of 150 sq km is nearly devoid of suspension-feeding



Ampeliscid amphipods which in southern California are among the

first to disappear from areas impacted by sewage outfalls; they
occur in samples characterized by I TI >60 but are rare £60.
These estimates of measurable change in benthic communities are
well within a factor of two of our projection suggesting. the

possibility that it might work and should be further explored.

Uncertainties and Limitations.

Pursuing our approach for projecting effects at these and
other locations requires carefully reexamining each assumption
and bringing in other information such as corrections for suspended
solids settling rate differences (Herring and Abati 1979). We
also realize there are a number of uncertainties and problems
with our present approach and recommend the reader develop his
own relationships and equations. Our assumption that mass emmission
rates have been relatively constant is not, in fact, valid; during
1977-79, suspended solids emmission for the JWPCP plant actually
dropped by 30 percent and recent benthic data will have to be
examined. More importantly, none of the benthic surveys were
actually designed for the purposes of estimating total population
sizes and only a few (Bascom 1979) were designed for the purpose
of clearly resolving the size and shape of affected bottom areas.
New surveys should be conducted to more accurately estimate both
parameters and new equations computed. We also included an out-
fall (Oxnard) which was significantly shallower than the rest

(20 m vs. 60 m). Even if solids settling characteristics of this



effluent were identical to those from the other outfalls, the
increased currents and wave action inshore could lead to an
underestimate of the impact of the Oxnard 1500 MT/yr suspended
solids mass emmission rate on benthic communities in deeper water.
We are also assuming that the relation between benthic biomass
and suspended solids is due to the nutritive (organic carbon)
content of the solids, that all effluent solids have the same
assimilative capacity and that production and cropping (mortality)
rates are proportional to emmissions at all sites. We know, in
fact, that solids from waste activated sludge discharged via the
Hyperion 7-mile outfall have a different organic (BOD) content
than the solids remaining in the 5-mile effluent. As an extreme
example, it would be invalid to compare effects of suspended
solids of dredged material with those from the same discharge
of sewage solids. In addition, we know from stomach content analysis
that the infauna is indeed cropped by fish but rates are unknown.
Pinally, we are also assuming that toxic effects are of second order

importance. We think this is true for most sites, but not at Palosg
Verdes where high concentration of HZS and DDT prevail over a

large area (Smith and Greene 1976) within which occurs low biomass.
In spite of these problems and uncertainties, we believe
further development of untraditional approaches, such as this, are
needed and will help to resolve real management problems and
provide a more quantitative approach for projecting the full

magnitude of effects of discharges on benthic communities.
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Table s5.

Calculations of benthic Excess Standing Crop (se),

and areas (sq km) affected by Se, Infaunal Trophic
Indicies =60 (ai }, Infaunal TrophicZIndicies =30
(Aigg) and averagg Excess Biomass (g/m®) for a variety
of i iLssi

gus. soe T Bl ol Otk
10,000 153 3.9 0.7 0.018
25,000 759 9.4 5.0 0.195
50,000 2,553 18.2 22.4 1.141
70,000 4,600 25.1 46.0 2.69

100,000 8,588 35.4 100.4 6.68

165,560°1 20,753 57 299 24.2

]'New York Bight Sewage Sludge, Mueller et al. 197¢.



Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

FIGURES

The Southern California Bight and adjacent coastal basin.
Major municipal wastewater discharges are (1) City of
Oxnard, (2) City of Los Angeles Hyperion Treatment Plant
in Santa Monica Bay, (3) County Sanitation Districts of
Los Angeles Joint Water Pollution Control Plant at Palos
Verdes, (4) County Sanitation Districts of Orange County

and , (5) City of San Diego Point Loma Treatment Plant.

Relation between suspended solids mass emmission rates
and total excess standing crop of benthic infauna sur- -
rounding six outfalls on the southern California mainland
shelf. Hyperion 5-mile (effluent) and 7-mile (sludge)

outfalls plotted separately.

Relation between suspended solids mass emmission rates
and size of areas (kmz) occupied by total excess standing
crop of infauna surrounding six southern California

Mainland shelf.

Relation between suspended solids mass emmissioh rates
and size of areas occupied by macrobenthic fauna domin-
ated by subsurface deposit feeding organisms (i<=30) and
by surface and subsurface deposit feeding organisms

(i =<60); calculations based on the Infaunal Trophic Index

(see text).
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