Another method to control the inflow of nutrients,
particularly phosphates, into a lake is that of prescribing an
annual loading to the receiving water. Vollenweider (1973)
suggests total phosphorus (P} loadings in grams per square meter
of surface area per year that will be a critical level for
eutrophic conditions within the receiving waterway for a
particular water volume where the mean depth of the lake in
meters is divided by the hydraulic detention time in years.
Vollenweider's data suggest a range of loading values that should

result in oligotrophic lake water quality.

Oligotrophic or Eutrophic
Mean Depth/Hydraulic Permissible or Critical
Detention Time Loading Loading

(meters/year) (g'rams/meterz/year) (qrams/meter?‘/year)

0.5 0.07 0.14
1.0 0.10 0.20
2.5 0.16 0.32
5.0 0.22 0.45
7.5 0.27 0.55
10.0 0.32 - 0.63
25.0 0.50 1.00
50.0 0.71 1.41
75.0 0.87 1.73
100.0 1.00 2.00

There may be waterways wherein higher concentrations or
loadings of total phosphorus do not produce eutrophy, as well as

those waterways wherein lower concentrations or loadings of total

2



phosphorus may be associated with populations of nuisance
organisms. Waters now corftaining less than the specified amounts
of phosphorus should not be degraded by the introduction of
additional phosphates.

It should be recognized that a number of specific exceptions
can occur to reduce the threat of phosphorus as a-contributor to

lake eutrophy: 1. Naturally occurring phenomena may limit the

development of plant nuisances. 2. Technological or cost-

effective limitations may help control introduced pollutants. 3.
Waters may be highly laden with natural silts or colors which
reduce the penetration of sunlight needed €or plant ~

photosynthesis. 4. Some waters morphometric features of steep

banks, great depth, and substantial flows contribute to a history

of no plant problems. 5. Watets may be managed primarily for -

waterfowl or other wildlife. 7. 1In some waters nutrient other -

than phosphorus is limiting to plant growth: the level and nature
of such limiting nutrient would. not be expected to increase to an

extent that would influence eutrophication. 6. In some waters

phosphorus control cannot be suf ficiently effective under present

technology to make phosphorus the limiting nutrient.

No national criterion is presented for phosphate phosphorus

for the control of eutrophication.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB—263943
SEE APPENDIX C FOR METHODOLOGY
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é16 EButrophication and- Biological Associations

concentration determines to a large extent the amount of chlorophyll formed.
Nitrogen concentrations beyond the optimum. range inhibit the formation

of chlorophyll in green algae.

SEDIMENTS

Keup (43), in flowing water studies, found that phosphorus is temporarily
stored in bottom sediments or transported as a portion of the stream’s
bed load after its removal from the flowing water. Long-term storage is
affected when the phosphorus is pooled in deltas or deposited' on flood
plains. Keup reviewed the literature on phosphorus discharges by specific
streams (Table 2).

Sediments may serve only to, support the water, or they may have a
profound effect on the quality of the water that comes in contact with them.
In a lake which man bas not polluted seriously, the lake bed will resemble
the soils of the surrounding land. As man “civilized” an area by plowing
fertilized fields, and by ‘discharging sewage and industrial wastes to the
watercourse, lake-bed sediments assumed different characteristics because
of the materials that became a part of them. Concentrations of certain
materials in the sediments became greater, the soil chemistry more complex,
and biological populations more numerous and specialized.

Matter that can settle may transport nutrients to the sediments by ion-
exchange and sorption mechanisms. As coarser and denser materials settle
rapidly, large quantities of nutrients may be effectively removed -and buried.
Thomas (84) observed a phosphorus reduction (as P) from 2000 to 150 ug/l.
as particulate matter settled from water passing through a 25-mi-long
reservoir that received 6,629,000 tons of sediments annually. The particle
size of the suspended sediment was very small and was comprised of 54 %
clay, 409 silt, and 67 sand. Also, once a dissolved nutrient is incorporated
into an organism, the tendency is for it to deposit as a solid. Metabolic
cycling may delay settling of some elements such as nitrogen, carbon, or
phosphorus; for other elements such as silicon, when “fixed” as a diatom
valve, the fate of deposition is nearly assured.

The contribution of nutrients and phosphorus in particular from con-
solidated lake-bed seditments to the water’s biodynamic cycle is a variable
factor that depends to a great extent on the physical-chemical aspects of the
environment. There js evidence to indicate that in an undisturbed mud-water

system the amount of phosphorus released to the superimposed water is

very small (30, 87),

Nutrients in the sediment have been found to be more important as a .
utor for sago pond weed than nutrients in the water (64).
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620 Butrophication and Blelogical Associations

ASSESSMENT OF NUTRIENT PROBLEM

To assess a nutrient problem properly, consideration. should be given to
all of those sources that may contribute nutrients to the watercourse. These
sources could include sewage, sewage effluents, industrial wastes,. land
drainage, applied fertilizers, precipitation, urban runoff, soils, and nutrients
released from bottom sediments and from decomposing plankton. Transient
waterfowl, falliig tree leaves, and groundwater may contribute important
additions to the nutrient budget. Flow measurements are paramount in a
study to assess quantitatively the respective amounts contributed by these
various sources during different seasons and at different flow characteristics.
In the receiving lake or stream the quantities of nutrient contained by the
standing crops of algae, aquatic vascular plants, fish, and other aquatic
organisms are impottant considerations. A knowledge of those nutrients
that are harvested annually through the fish catch, or that may be removed
from the system through the emergence of insects, will contribute to an
understanding of the nutrient budget. .

The interaction of specific chemical components in water, prescribed
fertilizer application rates to land and to water, minimal nutcient values
required for algal blooms, vitamins required, other limiting factors, and the
intercellular nitrogen and phosphorus concentrations are likewise important.
Usually, it is necessaty to determine that portion of the nutritive input
attributable to man-made or man-induced poltuticn that may be corrected
as opposed to that input that is natural in origin, and therefore usually not
correctable. A nutrient budget is used to determine the annual input to a
system, the annual outflow, and that which is retained within the water mass
to recycle with the biomass or become combined with the solidified bottom
sedimenfs. The carbon, nitrogent, phosphorus, and their respective ratios
are important values to aid in. the identification of a material, to calculate
the amount of major nutrients contained within a segment of the biomass or
a stratum of sediment, and from which to judge the relative input of nutrients
to the water mass when the ecosystern component undergoes decomposition,

or natural chemical change (Table 3).

FIELD INVESTIGATIONS
The conduct of a field investigation to define the effects of eutrophication

on the living aquatic resource involves a number of important sequential .

considerations. These considerations are formulation of objectives to define
the problem and delimit the scope of the study; planning in detail the logical
o, .
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in Freshwater Environmentai Constituents (50)

TABLE 3 Carbon, Nitrogen, and Phosphorus

Ratio

Standing Crop (ibjacre)

N:p

C:N

7Ne

%ce

Wet
1,000-3,600

Constituent

1t

100-360

Phytoplankton

26

10
10
17

0.69
0.64

0.52

6.8

54
1

6.5

6.1

39

9.0

39
11

200

2,000

Attached algae

0.14

2.8

69, 70

28

1,800

14,000

Vascular plants

10

0.18

1.8
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wastes in river

Untreated

domestic wastes
Untreated

chemical and

fertilizers and

domestic wastes
No tributary

wastes |
Sand: silt;

clay; loam

Stable sludge;
peat; organic
debris

Paper mill
wastes

Packinghouse
wastes

Fresh sludge;
decaying algae;
sewage solids

Log pond bark

Sewage sludge
in river

Algae; sawdust;
sewage

3.54

3.15
0.55
0.4-2.1
2.0-5.0
6-15
2.8-4.3
5-40

50.6
5.8

14.6

0.3

0.12

0.05

0.02-0.10

0.10-0.20

0.10-0.30

0.30-0.50

0.70-5.0

0.5
0.28

0.93

12

26

11

20

20-25

50-60

8-10

7-8

0.02 100 25

0.18 21 2

o1 16 9

Standing Crop (Ibfacre) Ratio
Constituent Wet Dry %Ce %N= %ps C:N N:p Ref. -
0.20 55
. 0.29 82
26-3.3 0.18-0.24 37
Domestic wastes® ) 5.1-10.6% 24
452 83 6 55
20-40° 5.3-10.6% 4 15
61.3% 10.7¢ 6 60
18-28¢ 3.5-9.0¢ 7
Sediments
Lake Tahoe 0.6-19.8 0.6-1.6 4-25 55
Wisconsin lakes 4.4-40.5 0.6-3.6 0.12-0.6 8-14 - 5-6 12, 41
Madison, Wis- .
consin lakes 0.7-0.9 0.1-0.12 6-9 76
Green Lake 0.6 -0.17 4 82
Lake
_ Sebasticook 10-34 03-1.8 0.06-0.16 8-44 5-16 54
Kiamath Lake 8.6 12 7 Thomas, N. A.,
unpublished”
Boston Harbor 2.3-5.0 0.06-0.41 Stewart, R. K.,
- : 1968
Orpanic river 0.03 0.0027 12 25
sediments
Pulp and paper 5.3 0.23 22 25

25

25

Ballinger and
McKee,
unpublished”

Ballinger and

"McKee,

unpublished’

Ballinger and
McKee,
unpublished’

Ballinger and
McKee,
unpublished”

Ballinger and
McKee,
unpublished”

Thomas, N. A,
unpublished”

Thomas, N. A.,
unpublished”

Thomas, N. A.,
unpublished’
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