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NUTRIENT CRITERIA

= What is EPA Up to This Time?
- Creation of the Nutrient Task Force

EUTROPHICATION MODELING FOR WATER QUALITY
MANAGEMENT: AN UPDATE OF THE VOLLENWEIDER-

OECD MODEL

by R.A. Jones and G.F. Lee, Department of Civil and Environmental Engineering, New Jersey insiitule of Technology,

Newark, New Jersey 07102, USA

INTRODUCTION X

Ouring the mid-1970s, the
Organization for Economic Coopera-
tion and Development (OECD) spon-
sored a S-year study ol lhe relation-
ships belween nulrient loading and
eutrophication-related water quality
response In watetbodles in the US,
Canada, Australla, Japan, and 14
countrles in Western Europe. One ol
the primary putposes (or the OECD
eutrophication study was lo try lo
quantity, for a broad range ol types
ol waletbodies, the relallonships
between the loading of nulrients,
especlally phosphorus, and the
sutrophication-related water qualily
responses. Aboul 35 waterbodies or
paris of waterbodies in the US which
had in the past been Intensively
studled for nutrlent loading and
response characteristics were In-
cluded in this study, slong wilh
Canadian walerbodies which had
previously been investlgated. New
studies were Inillated on the water-
bodies in the other pariicipating
countries. Previous editlons of the
Water Quality Bulletin (July and
Oclober, 1981) have provided
discussions of the problems ol
eutiophication and the resuits of
parts of the OECD eutiophication
modeling study effort.

Because of the availablility of data
on the US waterbodies, this group
was the first to be evaluated (Rast
and Lee, 1978; Lee et al, 1978)
following the theorelical ap-
proaches developed by Vollen.
welder. Volienweider (1968, 1975,
1976) had begun to quantily relation.
ships between nutrlent loading and
general conceptualizations ol
eutrophication-related water qualily
as assessed by “eutrophic”,
“mesotrophic”, and “oligotrophic™

designalions, based on about 20
primarily Eutopean waterbodies.
Vollenweider found that one of the
relating faclors was the mean depth
ol the waterbody; the greater the
mean depth, the greater the
phosphotus loading could be belore
“eutrophic™ conditions would be
found. {1 reflects the greater dilution
capacily of deeper watesbodies and
proportionately smaller photic
zones, allowing the deeper walsr-
bodies to have a higher P load
without stimulating greater amounls
ol algae. Vollenwelder corrected for
the ellects ol last or slow flushing
rates of water through a waterbody
on the utilization of nutrlents by
planklonic algae, and for the impact
ol the surface area of the waterbody
recelving light by including
hydraulic residence time and water-
body surface area as normalizing
lactors inhis load-response relation-
ships.

The focus on P loading In the
Vollenweider-OECD eutrophication
modeling approsch was based on
several considerations. It Is
phosphorus which most {requently
controls algal growth In water.
bodies; P control Is more readily
effected and is less costly than
nitrogen control; and phosphorus
can be more readily controlled at

point sources than nitrogen. Fur.-

thermore, Schindler (1977, 1985) has
shown that even in lakes exhibiting
nitrogen limitation, algal growth
responds lo decreases In phos.
phorus load. The possibility of
nitrogen lixation by algae also In-
terferes with the use of nitrogen
load in estimaling or predicting
waterbody algal responses.
Vollenweider {1976) developed a
regression relationship lor average

- planktonic algal chiorophyll concen.

tration as a function ol the annual P
load, normalized by waterbody area
(L{P), mean depth (2), and hydraulic
residence time (T.) for a group ol
European waterbodies. Following
the same approach, Rast and Lee
(1978) developed a line of bes! lit for
the US OECD waterbodles; they
found the regression lo be essential-
ly the same as that which had been
developed by Vollenweider for his
separate sel of waterbodies. Jones
and Lee (1982) updaled the Rast and
Lee line of best (it by including an
additionat approximalely 40 US
walarbodies on which dala were
available or on which they had
worked; their line ol best fit was
essentially the same as \hat ol Rast
and Lee (1978). The locus on avetage
chiorophyll concentration as the
response parameler is justifled lor a
number of reasons. As a measute of
walerbody *greenness”, it in-
tegrates the quantification of
various types ol planktonic algae.
Furthermore, chlotophyll concenira-
tion can be related lo many of the
Impairments of water use that resull
from algal growth.

Rast and Lee (1978) had also ex-
panded the scope of ihe original nor-
malized P loadingichlotophyll rela-
tionship concept by developing
analogous relationships between
normalized P loading and Secchi
depth (waler clarity) lor walerbodies
In which water clarily Is controtled
primarily by planktonic algae, and
belween normalized P foading and
hypolimnetic oxygen depletion rate
based on US OECD data and the
literature, These telationships were
aiso updated by Jones and Lee
{1982); their three normalized P
foading/eutrophication-related water
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Aquatic Toxicology

Concsntration
of Available
Forms of
Contaminant

Tus EPA
Criterion

36 he Duration of Exposure
Exposuce Associatsd
with Dredged Sediment
Disposal

Factors Affecting Toxicity
of Chemical Contaminant to Aquatic Organisms
< Duration of Organism Exposure »
(continued)

Current & Proposed US EPA Criteria List 2 Criteria Exposures
1-hr Average - Acute - CMC (Criterion Maximum Concentration}
4-day Average - Chronic - CCC (Criterion Continuous Concentration}

Arbitrary, Off-the-Cuff, Worst-Case, Based on Estimate of
Rate of Organism Response to Ammonia

* Not Even Appropriate for Ammonia |

¢ Not Peer-Reviewed

None of Criteria Applicable to Intermittent Exposure
Assume Continuous Exposure to Average Concentration

Issues of Copper
in San Francisco Bay

Prime Example of Water Quality Evaluation and Management

Without Proper Application of Aquatic Chemistry and Toxicology
Only Very Limited Number of Copper Species Are Toxic
Inappropriate to Regulate Cu Based on Total Cu Analyzed

No Chemical Test Directly Measures Toxic/Available Forms

Must Ask Organisms - "Is the Cu in This Water Toxic?"

NAS/NAE 1992 Conclusion - Cannot Regulate Heavy Metals
Based on Chemical Concentrations. Must Use Toxicity Tests
{continues)

135UB> VI Luppes

in San Francisco Bay (continusd)

US EPA Water Quality Criterion for Cu (2.9 pgil) Grossly
Overprotective for Most Waters

Excesdances of Cu WQO Set Off Regulatory Process

 Site Specific Objectives :

o Waste Load Allocation’

e TMDL
Arbitrary - Phased Approach
Need Avasilable-Cu-Load - Response Model

e Cu Concentration in San Francisco Bay Water Cannot
Exceed WQO by Any Amount More Than Once in 3 Years

WQO Cannot Be Achieved for Total or Soluble Cu Even (f Al
External Sowces of Cu Terminated

Cu Stirred into Water Column 'from Sediments

Is Exceedance of Cu WQO Causing Real Water Quality Problem?
Copper Adverssly Affecting Numbers, Types & Characteristics
_ of Aquatic Life In San Francisco Bay and Its Tributaries?

Is Cu Causing Toxicity in Sacramento River, Delta, and San

Francisco Bay Waters?
Toxicity Testing Using Sensitive Organisms Including Mytilus

Larvae (Organisms Basis for 2.9 pg/L Criterion)
What is the Problem Dus to Cu?

Water Quality? - No

Administrative? - Yes

Solution: Develop Different, Appropriate Regulatory Approach
Properly Incorporate Aquatic Chemistry and Aquatic
Toxicology into Regulatory Process

Diazinon - Toxicity

Diazinon Concentrations Causs Toxicity Pulses in Delta
Each Winter

Issues That Need Attention
¢ What Do These Toxic Pulses Mean to Fishery
Resources of Delta and San Francisco Bay?

o | on gered Sp

P

It Unimportant, Then Grossly Over-Regulating Toxicity
from Point Source Discharges from Municipal & Industrial
Wastewaters

Need to Develop Water Quality Model That Relates
Zooplankton Toxicity to impact on Fishery Resources

Deita Nutrient (N & P} Issues

Fishery Resources of Delta and San Francisco Bay Said to

Be Algal/Food Source-Limited ‘
Fewer Alges and Zooplankton Than Desired

Water Utilities Using Delta Water Stored in a Reservoir for
Periods Find Excessiva Algas-Caused Taste & Odors

Cu Used to Contro! Algae
TTHM's

Rola of Algas as TTHM Precursor
Need to Better Understand Relstionships between N & P
Loads to Delta & Fishery Resources, & Water Supply
Water Quality
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