


One Cambridge Place, 50 Hampshire Street
; Cambridge, Massachusetts 02139
tel: 617 452-5000
o fax: 617 452-8000

August 30, 2007

4
Mr. Paul A. Kennedy
Superintendent
P Department of Wastewater
Government Center
77 Park Street
Attleboro, MA 02703
® Dear Mr. Kennedy:
As you have requested, CDM has reviewed certain elements of the draft NPDES permit issued
by the Environmental Protection Agency to the City of Attleboro. '
® We have prepared comments with respect to this permit, copies of which are attached hereto.
Should you have any questions on these matters, please do not hesitate to contact me at 617-
‘ 452-6246
|
Sincerely,
| ® CAMP DRESSER & McKEE Inc.
|
L
|
@
|
®
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Comments on the Revised Draft Permit for the City of Attlebore

The Environmental Protection Agency has proposed to modify the draft permit for the
City of Attleboro originally issued in August of 2006 to incorporate revised limitations
for the discharge of phosphorus. The newly proposed limit is 0.1 mg/1 Total Phosphorus
as a monthly average, as compared to the previously proposed limit of 0.2 mg/1 total
Phosphorus, as a monthly average. The City believed that it could achieve the
phosphorus limits contained in the August, 2006 permit. Achieving the newly proposed
limits is expected to require the addition of new treatment processes, at substantial costs
to the City.

EPA bases its decision to revise the permit based on a reevaluation of the comments
submitted by the Rhode Island Department of Environmental Management (RIDEM) on
the draft permit issued in 2006 and on further evaluation of the administrative record.

RIDEM claims that the 0.2 mg/1 limit is inadequate to provide for compliance with the
Rhode Island Water Quality Standards-and suggests that EPA should undertake a waste
load allocation study. According to EPA, the Rhode Island Water Quahty Standards
require that:

“Average Total Phosphorus shall not exceed 0.025 mg/l in any lake, pond,
kettlehole or reservoir, and average Total P in tributaries at the point where they
enter such bodies of water shall not cause exceedance of this phosphorus criteria,
except as naturally occurs, unless the Director determines, on a site specific basis,
that a different value for phosphorus is necessary to prevent cultural
eutrophication.” Rule 8.D. (2).

First, the Agency failed to establish that the John V. Tumer Reservoir is in fact subject to
the quoted Rhode Island Standard. Although it is named a reservoir, it no longer
functions as such, and the Agency presents no information to support the assertion that
the cited Rhode Island Standard applies to this water body. In its comments on the initial
draft permit, RIDEM has asserted that the Reservoir meets RIDEM s definition of a lake.
This definition reflects nutrient management guidance developed by EPA. As indicated
by RIDEM, this guidance defines lakes as water bodies with a mean water residence time
of 14 days or more. According to studies conducted by the Army Corps of Engineers the
reservoir has a volume of 350 million gallons (See Attachment 1 hereto). Using this
value, and the flow data from the USGS gage located immediately downstream of the
John V. Tumer Reservoir, the mean water residence time of this impoundment is 9.68
days. Thus, the impoundment does not meet the definition of a lake used by RIDEM to
distinguish between bodies of water subject to the standard, and those that are not.

Secondly, in developing its proposed limits the Agency does not present any information
to show how a 0.1 mg/l permit limit is necessary to keep the “Average Total Phosphorus
below 0.025 mg/l. Rather, it appears that the Agency has relied upon flow conditions
associated with the 7 day, ten year low flow to develop the limit. In most systems, the
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seven day 10 year low flow is substantially below average flow, and represents a flow
that happens very infrequently, far different from the “average” referenced in.the state’s
water quality standards. The Agency then argues that dilution, and in-stream attenuation
will serve to achieve compliance with the Rhode Island standard. But no information is
presented to quantify these factors to show how this meets the Rhode Island standard.

The use of average concentrations over appropriately long periods is recommended by
the Agency’s guidance. In its “Ambient Water Quality Criteria Recommendations;
Information Supporting the Development of State and Tribal Nutrient Criteria Lakes and
Reservoirs in Nutrient Ecoregion XIV” EPA encourages States to

“Identify appropriate periods of duration (how long) and frequency (how often) of
occurrence in addition to magnitude (how much). EPA does not recommend
identifying nutrient concentrations that must be met at all times; rather a seasonal
or annual averaging period (¢.g., based on weekly or biweekly measurements) is
considered appropriate. However, these central tendency measures should apply
each season or each year, except under the most extraordinary conditions (e.g., a
100-year flood).” See Attachment 2 hereto.

The use of seasonal averages would provide additional dilution, and would thus serve to
lower the treatment requirements required of the City.

Third, the Agency failed to conduct a wasteload allocation as suggested by RIDEM on its
comments of 2006, and failed to consider that other sources of phosphorus could
represent significant contributions to the problems of the waterbody as referenced in the
State’s 2004 integrated waters list. In particular, there are several golf courses adjacent to
the John V. Turner reservoir that could significantly impact the phosphorus leading on
the Reservoir, TMDL’s ought be established and waste load allocations adopted in order
that to properly manage the waterbody. Although the Fact Sheet maybe technically
correct that TMDL are not now underway for the Ten Mile River, the State of Rhode
Island has indicated that it will be undertaking a TMDL of the Turner Reservoir, to be
completed in 2012. ( See Appendix B to Plan for Managing Nutrient Loadings to Rhode
Island Waters, attachment 3 hereto). [f the State of Rhode Island is content to wait that
long to develop a TMDL for this system it would appear appropriate to stay with the 0.2
mg/l limit of the 2006 proposed permit until that time. The 0.2 limit contained in that
proposed permit reflects an 80 % reduction in phosphorus as compared to the currently
effective permit; the 0.1 mg/l imit would result in only a very small incremental load
reduction — generally on the order of 1 pound per day.

Fourth, the Agency has agued that various literature references support the imposition of
a 0.1 mg/l permit limit, including the criteria presented in the Gold Book ( the 1986
Quality Criteria for Water); information presented in thé technical guidance manual for
Rivers and Streams; and Recommendations for Nutrient Criteria in Ecoregion IV, the
region encompassing the Attleboro discharge. '




None of these references support the application of their recommendations in the manner
adopted by the Agency. The 1986 Quality Criteria for Water suggests a level of 0.1 mg/l
as “a desired goal for the prevention of plant nuisances in streams or other flowing
waters” and references a 1973 publication of Kenneth Mackenthun, a copy of which is
included as attachment 4 to this document. However, that document does not present
information concerning the development of the 0.1 mg/l “desired goal”, but rather makes
reference to a 1968 paper published in the Journal of the American Waterworks
Association by the same author. A copy of the 1968 paper is included as attachment 5 to
this document. The 1968 document indicates that * ... A considered judgment suggests
that to prevent biological nuisances, total phosphorus should not exceed 100 ug/l P at any
point within the flowing stream, nor should 50 ug/l be exceeded where waters enter a
lake, reservoir or other standing water body ...” (Mackenthun, 1968 p 1053). A carefu)
reading of this document suggests that it is referencing streams which are tributary to
water supply reservoirs and lakes and standing waters that serve as sources of water
supply. This would explain why it was published in what would otherwise be thought to
be a journal about water supply, and not water pollution. Moreover, the 1968 document
presents no information concerning the development of the recommendation — and so it
presents no guidance on how it should be applied — seasonally, monthly, or over the
growing season ?

Similarly the Agency’s recommendations with respect to nutrient criteria for streams in
Ecoregion IV is clearly an annual average value, because it was developed based on the
25™ percentile of all seasons of data, and not a value associated with 7 day 10 year low

flow conditions. It is thus inappropriate to apply this criterion to low flow conditions.

Finally, it is not clear that the set of values contained in the Nutrient Criteria Technical
Guidance manual are intended to be applied at extreme low flow conditions. Moreover,
that table is presented in a larger context dealing with guidance to the States as to how the
States might develop state water quality standards; it is not presented as proscriptive
limits that must be used. In that respect, EPA should await development of actual water
quality standards for phosphorus by both Rhode Island and Massachusetts.
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C. Project Study Area and History

The study area is located in the city of Bast Providence on the Massachusetts-
Rhode Istand border with parts of the reservoir area extending into Seekonk,
Massachusetts (see Figure 1), The James ¥, Tumer Reservoir consists of a series of three
(3) ponds with a combined surface area of 225 acres and is located at the end of the
freshwater section of the Ten Mile River. The three ponds are individuaily named North,
Central, and South Pond, but collectively known as Turmer Reservoir. Below Turner
Dam, at the south end of South Pond, the Ten Mile River flows about two miles to the
Providence River. Total drainage area at the dam is 52.1 sguare miles.

Between 50 years and 160 years ago, a dam was constructed on the Ten-Mile
River approximately 100 feet upstream from what is now Route 152 presumnably to
provide waterpower for 2 local mill. The resulting one-mile long impoundment is the
arez now known as Central and North Ponds, and consisted of approximately 100 acres of
aptificial lake. In 1930, another dam was constructed approximately 0.75 miles
downstream from the origittal milldam as a water supply for the city of East Providence.
The weir elevation of this new dam (Tumer Reservoir Dam) was approximately 5 feet
higher than that of the milldam upstream. The resulting impoundment was known as
Tummer Reservoir, and consisted primarily of the flooded pasture/wetland immediately
downstream from the milldam (L.e. Route 152). It also included the upstream areas of
Central and North Ponds, due to the higher weir elevation of the new dam, which raised
the impoundment surface elevation above the previous level of Central/North Pond (i.e.
overtopping the milldam). This formed the existing Turner Reservoir Central/North Pond
complex. The remains of the mill dam (i.e. the water control structures) can be seen
upstream from Route 152, and the weir still stands approximately 3 feet below the
existing water surface.

During the period following the construction of the dam to 1969, Tumer
" Reservoir was used as a water supply for the City of East Providence. H was discontinued
due to odor and other aesthetic water quality problems It is curtently used for
recreational fishing and boating,




3. Reservoir Description. James V. Turner Reservoir is located in East
Providence on the Massachusetis-Rhode Island line, with parts of the reservoir extending
into Seekonk, Massachusefts (See Figure 1). It consists of a series of 3 ponds with a
combined surface area of 225 acres, located at the end of the freshwater section of the
Ten Mile River. The route 152 causeway separates North and Central Ponds from South
Pond. On some maps, North and Central Ponds are collectively labeled “Central Pond,”
and South Pond is labeled “Fumer Reservoir.” To avoid confusion, “Turner Reservoir”
is used in this report 10 refer to all three ponds, which are individually referred to as
“North,” “Central,” and “South” Ponds.

4. Reservoir Use. East Providence used Turner Reservoir as a public water
supply source until 1969, when treatment with sand {iltration followed by chlorination
was no fonger able to keep coliforrns out of the treated water. The source of these
bacteria was probably upstream wastewater discharges. Turner Reservoir is currently
used for limited recreation, mainly fishing and non-motorized boating.

5. Land Use. Sections of the Ten Mile River watershed are heavily urbanized,
including parts of East Providence, Pawtucket, Attleboro, and all of the urbanized area of
North Attleboro. Other sections are still undeveloped, and much of this land is covered
with wetlands including swamps, marshes, and open bodies of water. In additional to
municipal wastewater treatment plants discharges, the Ten Mile River receives runoff
from golf courses, including Siater Park, which is just upstream from Tumer Reservoir’s
North Pond. In the past, the river also received industrial discharges including metal
wastes from jewelry manufacturing. The main effects of municipal wastewater
discharges and runoff from urban areas and golf courses would be to add nutrients to the
river, leading to eutrophication in downstream impoundments, Urban runoff, and to a
lesser extent municipal discharges, will also add coliform bacteria, metals, and organic
chemicals to the river. The extensive areas of wetlands in the watershed will not remove
these contaminants because the wetlands are upstream of the sources. The main effect of
the wetlands in the upper watershed is to moderate flows in the river by storing and
releasing runoff.

6. Reservoir Yield. Only a cursory analysis of potential water supply yield for
Turner Reservoir is included in this study. The reservoir volume is not known, because
siltation has undoubtedly reduced it since it was last used for water supply. However, ihe
reservoir has a surface area of 225 acres, and very rough measurements during water
quality sampling indicate it may have an average depth of 4 to 5 feet, which would give it
an estimated volume of around 350 million gallons. Average daily flow can be calculated
from the record at the USGS gage about 1.2 miles downstream from the dam. Using the
11-year record ai the gage, from 1986 through 1997, and adjusting flows by drainage area,
the average daily flow at the dam is 103 ¢fs (66 million gallons per day). Using a spread-
sheet analysis of flow for each day of the eleven-year period of record at the gage, storage
of 350 million gallons would have provided a safe yield of 16 million gallons per day. If
used as a backup water supply, the reservoir could provide greater yields for shorter
periods of time; however, during a serious drought the yield could be less.
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* Include variables that can be measured to determine if standards are met, and variables that
can be related to the ultimate sources of excess nutrients.

*  Identify appropriate periods of duration (how long) and frequency (how often) of
occurrence in addition to'magnitude (how much), EPA does not recommend identifying
nutrient concentrations that must be met at all times; rather a seasonal or annual averaging
period (e.g., based on weekly or biweekly measurements) is considered appropriate.
However, these central tendency measures should apply each season or each year, except
under the most extraordinary conditions (e.g., a 100-year flood).

30 AREA COVERED BY THIS DOCUMENT

This chapter provides a general description of the Aggregate Ecoregion and its
geographical boundaries. Descriptions of the level 111 subecoregions contamed within the
Aggregate Ecoregion are also provided.

3.1 Description of Aggregate Ecoregion XIV—Eastern Coastal Plain

The Eastern Coastal Plain Ecoregion extends from Maine to Georgia and is a lowland
dominated by woodland, urban areas, or marshiand; less than 20% of the area is used as cropland
and pastureland. Broad, nearly flat to depressional areas occur and have poorer drainage than

- neighboring nutrient regions. The northern portion of the Eastern Coastal Plain (XIV) has
nutrient-poor soils and glacial drift deposits that usually mantle metamorphic and igneous
bedrock; valleys contain glaciolacustrine, marine, and outwash deposits. The central and
southern portions are underlain by sedimentary rock and are dominated by poorly drained soils,
swampy or marshy areas, and meandering, low-gradient sircams that are often tidally influenced.
Urban, suburban, and rural residential, commercial, and industrial areas occupy a large and
growing percentage of the region; such large human population concentrations are absent from
Ecoregion VIII. Some of the biggest cities in the United States are scattered throughout the
Eastern Coastal Plain (XI1V) and have locally replaced the native woodland.

Lake quality in the Eastern Coastal Plain (XIV) has been significantly affected by urban,
suburban, and industrial development as well as by poultry, livestock, and aquaculture
operations. [n Connecticut, bottom sediments have been contaminated by metals, organic
compounds, and solid residuals from textile and paper mills. In Delaware, high levels of
enterococcal bacteria and total nitrate concentrations occur and are the result of increasing
population, wastewater discharge, and runoff from fertilized cropland, poultry operations, and
urban areas. In Maine, dioxin from pulp and paper processing effluent and bacteria in untreated
sewer overflow continue to be serious problems in some reaches. In Massachusetts, bacterial
contamination and low dissolved oxygen concentrations persist. Throughout most of New
Jersey, nutrient and fecal bacteria concentrations continue to exceed State water quality criteria.
In the southern portion of Ecoregion XIV, urban areas are far fewer than in the north, and related
lake water quality issues are also less. However, locally in the south, there are a large and
growing number of intensive turkey, hog, and chicken operations along with associated water
quality problems.
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® Appendix B
Schedule for Completing Water Quality Restoration Plans to Address Nutrient
' Impacts '
o - [WBType | Waterbody Name | Target End Date |
E Apponaug Cove : , 2005
E Brushneck Cove 2005
E Buttonwoods Cove 2005
E CGreenwich Bay 2005
E Greenwich Bay 2005
® E Greenwich Cove 2005
E Greenwich Cove 2003
E Palmer River 2005
E Providence River 2005
E Providence River 7 2005
o E Seekonk River ' 2005
E Warwick Cove - 2005
E  Warwick Cove ‘ Co 2005
L Kickemuit Reservoir (Warren Reservoir) - 2005
L Mashapaug Pond o E 2005
® L Sands Pond _ 2003
- L Saugatucket Pond _ ‘ 2005
E Greenhill Pond _ 2007
E Mt. Hope Bay 7 2007
E Mt. Hope Bay - _ 2007
E " Mt. Hope Bay _ : 2007
L E Mt. Hope Bay _ | 2007
E Potter Cove 7 2007
E Tidai Pawcatuck River o . 2007
E Upper Narragansett Bay 2007
E Wickford Harbor 2007
® L Almy Pond : 7 2007
L Belleville Ponds ' 2007
L Brickyard Pond . ) 2007
L Gorton Pond i 2007
L Hundred Acre Pond _ 2007
L North Easton Pond (Green End Pond) 2007
® L Prince’s Pond (Tiffany Pond) 2007
L Roger Williams Park Ponds 2007
L Sand Pond (N. of Airport) 2007
L Scott Pond 2007
L Spectacle Pond . 2007
Py :
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o | WB Type | Waterbody Name | Target End Date ]
L Three Ponds 2007
L Upper Dam Pond 2007
L Valley Falls Pond _ 2007
L Warwick Pond ' 2007
® L Barney Pond _ 2012
L Chapman Pond 2012
L Deep Pond (Exeter) 2012
L Lower Sprague Reservoir 2012
L Omega Pond 2012
| L Simmons Reservoir 2012
* L Slater Park Pond 2012
L Turner Reservoir 2012
| L Turner Reservoir 2012
| R Cedar Swamp Brook 2012
‘ R Runnins River & Tribs: 2012
i ® |
°
®
@
®
@
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Eutrophication and Biological Associations

KENNETH M. MACKENTHUN

Director, Division of Applied Technology,
Environmental Protection Agency, ._..\un..:.:mno:. D.c.

The enrichment of waters by nutrients through either man-created or natural
means along with the attendant biological phenomena defines the term
cutrophication. Present knowledge indicates that phosphorus and Ditrogen
are the chemical constituents usually responsible for the eutrophication
phenomenon. Other elemenis are essential such as carbon, vitaming, and
trace elements but often these are not limiting to nuisance biological develop-
ment in natural lakes and streams.

Lund (48) in his thorough literature review stated that “Nitrogen and
phosphorus can still be considered as two of the mdjor elements limiting

in production,” Carbon, as well as molybdenum, has been found to be
imiting in particular natural waters (27, 42),

Evidence indicates that- {a} high phosphorus concentrations are associgled
with accelerated eutrophication of waters when other growth-promoting
factors are present; (b) aquatic plant problems develop in reservoirs or other

The discharge of domestic sewage increases the concentration of phosphorus
markedly. Organic phosphorus in the Sewage and simple and complex

613




4 Eutrophication and Biological Associations

FABLE1 Pounds of Phosphorus Contributed to Aquatic Ecosystems (51)

Mazjor contributors
Sewage and sewage effiucnts: 3 ibf(capita) (year)®
Some industries, for example, potato processing: 1.7 Ibfton processed
Phosphate rock from 23 states (53)
Cultivaied agricultural drainage: 0.35-0.39 Ibjacre drained per year (24, 73, 86)
Surface irrigalion returns, Yakima River Basin: 0.9-1.9 Ibf(ucre) (ycar) (81)
Benthic sediment releases
vinor contributors
Domestic duck: 0.9 lbfyear (72)
Sawdust: 0.9 Ibfton (22)
Rainwater? .
Groundwater, Wisconsin: 1 Ibf9 million gal (40)
Wild duck : 0.45 lb/year (62)
Tree leaves: 1.8-3.3 Ibjacre of trees per year (17
Dead erganisms; animal excretions

<m.19._m researchers have recorded the annual per capita contribution of phos-
ihorus in pounds from domestic sewage as 2 to 4 (15), 2 and 3 (56), 1.9 (61), and
5 (73). ’

Influenced by pollution present in atmosphere ““washed out” by rainfall.

hosphates from synthetic detergents are the principal contributions. .
Jecomposition of the organic material, along with soluble phosphates,
esults in phosphorus concentrations in excess of the requirements for

tant growth. The readily available soluble phosphorus often furnishes a
pod source for nuisance biological growths.

EVWAGE

he discharge of human wastes results in an abundance of nitrogen in all
rms, causing an abrupt change in the nutrient balance of the stream.
vhen untreated domestic sewage is discharged to a watercourse, organic
itrogen (proteins) and aminonia are the principal nitrogen constituents.
1 the water, nitrifying organisms decompose the organic materials and
xidize the ammonia to nitrite and nitrate. Since the nitrite ion is a transient
»rm it is usually present in very low concentrations,

Treated sewage has undergone partial oxidation in the treatment process.
herefore the nitrite and nitrate forms are increased in well-treated sewage,
hile the organic nitrogen and ammonia are reduced, _

Sewage 615

Phosphorus is added to receiving waters principally as a component of
pollution. Once added, it is combined with other constituents in populations
of bacteria, algae, vascular plants, and fish and in benthic sediments. Once
putrients are combined within the ecosystem of the receiving waters, their
removal is tedious and expensive; removal must be compared to inflowing
quantities to evaluate accomplishment. In a lake, reservoir, or pond, phos-
phorus is removed naturally only by outflow, by insects that hatch and fly
out of the drainage basin, by harvesting a crop, such as fish, and by com-
bination with consolidated bottom sediments. Even should adequate harvest-
ing methods be available, the expected standing crop of algae per acre
exceeds 2 tons and contains only about 1.5 Ib of phosphorus. Similarly,
submerged aquatic plants approach at least 7 tonsfacre (wet weight) and
contain 3.2 Ibjacre of phosphorus. Probably only half of the standing crop
of submerged aquatic plants can be considered harvestable. The harvestable
fish population (500 Ib) from 3 acres of water would contain only 1 b of
phosphorus, ,

Sawyer (74) discussed factors that influence the development of nuisance
algal growths in lakes. The surface area is important since the accumulations
of algae along the shoreline of a large lake under a given set of wind conditions
could easily be much larger than on a small lake, under equal fertilization
per acre. The shape of the lake determines to some degree the amount of
fertilizing matter the lake can assimilate without algal nuisances since
prevailing winds blowing along a long axis will concentrate the algal pro-
duction from a large water mass into a relatively small area. The most
offensive conditions develop during periods of very mild breezes that tend
to skim the floating algae and push them toward shore. Shallow lakes, too,
respond differently than deep stratified lakes in which the deeper waters are
sealed off by a thermocline. In the nonstratified waters all the nutricnts
dissolved in the water are potentially available to support an algal bloom.
In stratified waters, only the nutrients confined to the epilimnion are available
except during those brief periods when complete circulation occurs,

Chu (18) found that optimum growth of alt organisms studied in cuitures
can be obtained in nitrate-nitrogen concentrations from 0.9 to 3.5 mgfl.
and phosphorus concentrations from 0.09 to 1.8 mgfl., while a limiting
effect on all organisms will occur in nitrogen concentrations from G.1 mgfl. .
downward and in phosphorus concentrations from 0.00% mgfl. downward.
The Jower limit of optimum range of phosphorus concentration varies from
about 0.018 to about 0,09 mg/fl., and the upper limit from 8.9 to 17.8 mg/l.
when nitrate is the source of nitrogen, while it Hes at about 17.8 for alt the
planktons studied when ammonium is the source of nitrogen. Low phosphorus
concentrations may, therefore, like low nitrogen concentrations, exert a
selective limiting influence on a phytoplankton population. The nitrogen
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concentration determines to a large extent the amount of chiorophyll formed.

Nitrogen concentrations beyond the optimum range inhibit the formation oo nnen 53
of chlorophyll in green algae. M EB3EEgERY mm444 T e
smﬂﬁmmmmnnnmmussswmmmmmunm S£5
=1
g5 =
SEDIMENTS B |BEEZELEEERRERERERE . nenk g eog
BAE (2855558 R552 854 5A 487725 ® 8hE
Keup (43), in flowing water studies, found that phosphorus is temporarily m
stored in bottom sediments or transported as a portion of the stream’s (\m..
bed load after its removal from the flowing water. Long-term storage is m m.mm,.. AREYRCRERERIRg2 _RErssarey e ono
affected when the phosphorus is pooled in deltas or deposited on flood ,m.m( TIN TmmTansgsaT LE3
plains. Keup reviewed the literature on phosphorus discharges by specific e -
streams (Table 2). 25
Sediments may serve only to support the water, or they may have a ~| ERlftgrgommadconrnaavomneo ~-
profound effect on the quality o::mv%mﬁ_. that comes in ncuwm.u &wﬁ: them. s m 8 g% JEERRNgEREann=oe 88 m m_ 8 3 m &
In a lake which man has not polluted seriously, the lake bed will resemble H A<
the soils of the surrounding land. As man “civilized™ an area by plowing g B
fertilized fields, and by discharging sewage and industrial wastes to the S| g Swum.mm._m.w.t BEE .
watercourse, lake-bed sediments assumed different characteristics because .u EE| E¥YEuw s mu 2 =zz28 BEeEd B aiE
of the materials that became a part of them. Concentrations of certain 5 cm 3 v,mumm m ““wm “w.m. 32 g g2 mm 7 4 m.wwm
materials in the sediments became greater, the soil chemistry more complex, 3 5222337733 FEES m - m .mr 355 558, ..m.. S5HE
and biological populations more numerous and specialized. M T
Matter that can settle may transport nutrients to the sediments by ion- 5 ....m g
exchange and sorption mechanisms. As coarser and denser materials settle b ,m = q.ﬂ_. R R YL VR A 58
rapidly, large quantities of nutrients may be effectively removed -and buried. | 2 3 - = )
Thomas (84) observed a phosphorus reduction (as P) from 2000 to 150 ugfh T o
as particulate matter settied from water passing through a 25-mi-long m v =
reservoir that received 6,629,000 tons of sediments annually. The particle H 28 g
size of the suspended sediment was very small and was comprised of 54 % > = P m._n &
clay, 407 silt, and 63; sand. Also, once a dissolved nutrient is incorporated - s mm . 2§ |8
into an organism, the tendency is for it to deposit as a solid. Metabolic m. o prc] £ wM & |2
cycling may delay settling of some elements such as nitrogen, carbon, or 8 B m mm = g B¥g m
phosphorus; for other elements such as silicon, when “fixed” as a diatom 2 < | B . £ mm g . 2 B8F |E.
valve, the fate of deposition is nearly assured. a GieH528 & 385, Bo3 8 Mmuwul s =28 [34f
The contribution of nutrients and phosphorus in particular from con- g BS £E% ¢ Zgda f83 2IgEYu e iS58 |28
solidated lake-bed sediments to the water's biodynamic cycle is a variable £ &% e gEE WMM.W o Ww m.n.m,m.m.mh.mou...m m £3 ¥:8 |25
factor that depends to a great extent on the physical-chemical aspects of the m. §gaE- e 583 m mwm oy g .m.m ka .mnum_w.m gs
environment. There is evidence to indicate that in an undisturbed mud-water £ Ep 4 ﬁ OFFORRAbHRSMSE m a8 m G M W
system the amount of phosphorus released to the superimposed water is . _ 3¥
very small (30, 87). Wl gl g g3
Nutrients in the sediment have been found to be more important as a = o= £ g .m mm
growth ¢ -ibutor for sago pond weed than nutrients in the water (64). _m mm 8 ,.m._ &S
£1T
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Maits with extensive root systems aid in recycling nutrients that have been
wried below the interface and are otherwise unavailable to the overlying
vater. . :

3ENTHIC ORGAMISMS

lenthic organisms may transfer nutrients when that exchange is not reduced
r prohibited by overlying materials, In a study on Caonnecticut lake sedi-
nents, Hutchinson and Wollack (36) found that diffusion of phosphorus
rom the mud may be aided by the metabolic activities of benthic organisims.
tudies by Hooper and Elliott (33) on two species of protozoa indicated that
srganisms were capable of breaking down organic phosphates to inorganic
shosphorus in aerobic conditions.

In addition to metabolic activities, benthic organisms may, through
wrrowing activities, resuspend or redeposit nutrients on the mud surface
bat would otherwise have been lost from the system. Aquatic oligochaetes
nay ingest quantities of material 2 1o 3 cm befow the interface, and midges
nay scrape up detritus from a depth of 5 to 10 mm (65). Aquatic organisins
uch as fishes also contribute to the overturn of bottom muds. In fish ponds
ocated in lsrael, phosphorus fixation was higher when mud was mixed
vith water by carp in the ponds (31). Other bottom-feeding fish such as
atfish and bullheads probably contribute also to the overturn of bottom

nuds and the resultant release of nutrients as they disturb the bottom
turing feeding activities.

FFECTS OF EUTROPHICATION

dnasson (38) concluded that the bottom fauna fits into an ecological
yattern set by primary production of algae, vertical distribution and abun-
lance of macrophytes, dissolved oxygen, and nutrients. Increasing the supply
f nutrients to the epilimnion causes increases in the standing crop and in the
roduction of . phytoplankton; transparency decreases; subsurface light
iwindles; the macrophytes are excluded from deeper waters and eventually
rom the lake because of inadequate light; periods of dissolved oxygen
leficiency become more prolenged; hypolimnionic pH decreases; and
Ikalinity increases. These environmental factors all have an adverse effect on

renthos and may result in restricting the benthic inhabitants to a few midges
nd worms.

Effects of Eutrophication 1%

Larkin and Northcote (45) note that the eutrophication of takes affects
fish in many ways. These result primarily from the increase in production,
the consequent deoxygenation of the hypolimnion and other waters, and
the alteration of many other features of the biological environment that
determine survival and abundance of various fish species. The abundance of
food organisms caused by eutrophication may accelerate greatly the growth
vate of the fish. On the other hand, eutrophic environments may force.
certain species such as ciscoes to live under undesirable conditions of
temperature and dissolved oxygen, and they will fail to thrive even in the
presence of abundant food (32).

When given the opportunity and because fish are mobile, they may respond
to adverse environmental changes by moving from the area, 1o which they
may return when conditions for existence become improved. On other
occasions they may not be given the opportunity. Mackenthun et al. (52)
reported an extensive mortality of fish resulting from the decomposition
of algae that were flushed to the Yahara River through the control pates
on Lake Kegonsa, Wisconsin. The lake was made eutrophic principally
becavse of the inflow of treated sewage effluent. This, and particular clim-
atological phenomena, resulted in a prolific algal growth that formed a
thick scum several acres in area. When this decomposing mass was flushed
to the river it eliminated the dissolved oxygen, and the water exhibited toxic
properties, :

As noted by Larkin and Northcote (45):

More than 40 years ago, A. 8. Pearse studied several lakes in Wisconsin, and his
review on the ecology of lake fishes summarizes major differences in the quantity
and species composition among the various lake types (63). Increasing eutrophy
is associated with greater production. The largest oligotrophic lakes are dominated
by salmonids and corcgonines, whereas smaller oligotrophs support centrachids in
abundance as well as coregonines. Such eutrophic lakes as Mendota, in Pearse’s
day produced large quantities of perch, largemouth bass, white bass, rock bass,
carp, and buffaiofish. The shallow Lake Wingra {maximum depth, 4.3 m) produced
large quantities of carp, crappie, sunfish, dogfish, and perch. In the words of
Pearse, ‘Each lake presents a type in which one or more species of fishes may be at
their best and beceme dominant.” {t is scarcely surprising that with the changes
atlendant upon eutrophication, changes in fish papulations should ensue.

Enrichment may cause both an increase and a decrease in fish growth in
different stream sections. Environmental changes resulting from enrichment
influence the total stream length inhabited by particular associations of
fish. The coarse fishes normally associated with downstream reaches tend
to¢ move into the enrichment zone and often the finer fishes are reduced
substantially or eliminated.
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ASSESSMENT OF NUTRIENT PROBLEM

Ref.
11
25
54
11
59
11
69, 70
28
i1
77,78
77,78
77,78
77,78
2
21,58
14
11
11
11
80
46

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-
walerfowl, falling 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 important 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 witer, prescribed
fertilizer application rates to land and to water, minimal nuirient values
required for algal blooms, vitamins required, other limiting factors, and the
intercellular nitrogen and phosphorus concentrations are likewise important.
Usually, it is necessary to determine that portion of the nutritive input
atiributable to man-made or man-induced pollution that may be corrected
as opposed to that input that is natural in origin, and therefore usuaily 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
sediments. The carbon, nitrogen, 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 ecosystem component undergoes decomposition,
or natural chemical change (Table 3).

10
10
17
2
10
3
3
10
10
6
6
8
6
14
14
10

Ratio
NP

C:N
6.5

B
0.69
0.64
0.52
0.14
0.18
0.52
0.23
0.3
0.27
0.30
0.5
0.9
1.2

0.3
0.6
0.2¢
0.18-0.49
0.1%

ZNe
6.8
9.0
2.8
1.8
32
1.8
1.3
2.8
19
3.0
14
2.3
2.8

7.4
1.1
8.1

in Freshwater Environmental Constituents (50)
6.1

7ce
39

Dry
100-360
200
1,800
40-30

Standing Crop (Ibfacre)

Wet
1,000-3,600
2,000
14,000
200400
130-600

FIELD INVESTIGATIONS

The conduct of a field investigation to define the effects of eutrophication
on the living aquatic resource involves a number of impottant sequential
considerations. These considerations are formulation of objectives to define
the probler and delimit the scope of the study; planning in detait the logical

Myriophyllum
Vallisneria
firudinea
Stalis-

Myriophylium
Fish

Potamogeton
Castalia
Bottom organisms

Najas
Chironomus

Midges
Hyalella

TABLE 3 Carban, Nitrogen, and Phosphorus

Constituent

Phytoplankton
Attached algae
Vascular plants
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m, & .m events that will lead to a successful study and the many details necessary t
W.,o9 W.,m, W, 3B 5 g "m b ensure sUccess m.a each vumm.a om. the E.ﬁﬁﬁw:o:“ data oom_nonon. whic
v | R R B R b a8 involves a mo_ann_on. of sampling sites, a judgment of :.5 required number ¢
N B R R - R 5 samples, and a decision on the proper time, type, periodicity, and extent ¢
m s m wWgEgES m 9 = sample collection; sample and data analyses and interpretation; and reportin
3 w % % M % % W 3] g 8 of resuits with conclusions, recommendations, and predictions.
i 3 m The first field study in the United States to address itself to the comple
B le v o o mw 5 m o = problem of determining a lake nutrient budget was that of Sawyer et al. (76,
z | = - T = g =R The essence of this report was later published (73). This 2-year study showe:
© Z A l.m that Lake Waubesa, at Madison, Wisconsin, received at least 75% of it
M » MEE inorganic nitrogen and 88 97 of its inorganic phosphorus from sewage effluem
Zle o = - o ~ 2% One facet of this study was historic because from it came the now famous an:
S B | & =5 oft-quoted conclusion that 20.30mg/l, concentration of inorganic nitcogen (N
g m m .m and a 0.010 mg/l. concentration of soluble phosphorus (P) at the start of th
5 = ﬁw_ m active growing season could produce nuisance algal blooms. This conclysio
ile B o = o g .m ] was c.umm,.u on the correlation of _.nmz_ﬂm.om Eo._._nr@ nutrient and aigal sampl
&2 & & 3 M W. 2 o 2 num.EEm:o:m from 16 southeastern Wisconsin lakes. Although these obser
3 8 = B 2 ..m vations were confined to one geographical arca, they have been substantiate
< - oy o T reasonably well in subsequent field and laboratory studies on waters i
3 5 i £33 which the total methyl orange alkalinity exceeds 40 mg/l.
fle s 287 b £8:i
23 3 8 3z |= W m R .m PRESERVATION
f 5 % F5EE P
4 4 B m E 80 To prevent biological nuisances in most waters, total phosphorus shoulc
Ol a0 = = @ ma g m . g5 w g not exceed 100 ug/l. P at any point within the flowing stream, nor shoulc
s\l S e ~ e .w .m.a DM = FH 8 =) Ma <
N .ma g g w..,.. 5 rm..,m. - o TABLE 4 Total-to-Soluble Phosphorus Ratios in Water
— oo -
m o g2 = %%Mm%m.m, Total P to
Ws a rm .m - m % = ,M a8 ésn,mn Soluble P Ref.
g Dw- & .
Iy B 3 38 SR “g Western Lake Erie 1.5 16
&) E 8 Qg m & 20 m Detroit River mouth, 5.7 PHS Detroit Project
s m B ¥ U g m ¢ ] A Linsley Pond, Conn. 10.0 15
2lE M....%n m % g M & 8 m C, Northern Wisconsin lakes 7.0 40
g1 S, wHH9BELE Northeast Wisconsin lakes 2-10 39
2 E58 LAPR S E Ontario lakes (8) 17 !
.m. @ m 5o 8 m 238 ] m Southeast Wisconsin lakes (17) 9 Mackenthuen, unpublished
E 5 Sgg 58 325 .- Rock River, Wis. 2-15 Mackenthun, unpublished
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50 ugfl. be exceeded where waters enter a lake, reservoir, or other . .ding
water body (49). Those waters now containing less phosphorus should not
be degraded because even lower concentrations may be critical in very low
alkalinity waters. Adequate phosphorus controls must now be directed
toward treatment of putrient point sources and to wastewater diversion
around the lake or dilution within the lake, where feasible,

PHOSPHORUS SOLUBILITY DISTRIBUTION

Total-to-soluble phosphorus ratios may vary-from 2 to 17 or even 909,
dependent on the particular water, season, aquatic plant populations, and
probably other factors (Table 4). These ratios are of value when they can be
determined periodically within the same water body and changes in them
correlated with volometric response changes within the algal mass.

The nutrient loading to the lake on a unit basis gives some measure of
comparability among varions water bodies (Table 5). Likewise, a lake or
reservoir usually retains a portion of those nutrients that it receives from its
various sources. The amount or percentage of the nutrients that may be.
retained by a lake or reservoir is variable and will depend on (a) the nutrient
loading to the lake or reservoir; (6) the volume of the eupholic zone; (c)
the extent of biclogical activity; (d) the detention time within the basin or
time allotted for biological activity; and (e} the level of the penstock or
discharge from the basin.

Long-term remedial measures might be focused on reducing the nutrient
coneentration in troublesome areas or in altering some aspect of the topog-
raphy that concentrates or fosters the development of nuisance algae or
aquatic weeds. Such measures often involve costly physical modifications to
correct existing conditions, as well as future planning to assure wise use of
the area’s natural aquatic resources.
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Phosphorus and Ecology

CLAIR N. SAWYER, PhD

Consultant, Sun City, Arizena

“OHNE PHOSPHOR KEIN LEBEN" ANONYMGQU

mno_..oo_nb_.. CONSIDERATIONS

In considering the ecological aspects of phosphorus, or any other elemen
for that matter, it is well to remember that a finite amount of each exists and
that the. Law of Conservation of Matter applies to all, save the radioactive
ones. Seldom are the elements per se of significance in environmental cog-
siderations, except for mining and refining operations involved in winning
the elemeats from their ores. Of vastly greater importance are the compounds
that are generated from the elements to meet the demands of our modern
civilization. Although these compounds are usually widely disseminated
throughout populated, and sometimes unpopulated, areas of the world,
some of them, unfortunately, tend to become concentrated in certain areas.
The soluble phosphate compounds are a classical example.

PHOSPHORUS DISTRIBUTION IN YARIOUS ECONOMIES

Agrarian

Cropping of land exerts a constant drain upon the phosphorus resources
of the soil. Table 1 shows the phosphorus content of a wide variety of crops
and food products derived from them. Continual removal of crops without
recycling results in a depletion of avajlable phosphorus in the soil, and crop
yields eventually become limited by the amount released by natural weather-
ing action of the soil.
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providing only an approximation for
floc size-density relationships.

2, Lahoratory measurements of the
densities of iron(III) flocs indicate
that a size-density variation does exist.
Moreover, the size-density relationship
observed was, for flocs smaller than
ahout 1 sqmm in projected area, com-
parable to that wwn&nﬁn by the Vold
nsodel.

3. The _w_aou.mﬁodq observations om wwn

“floc Eundauﬂq w&ﬁ—o:m_.:w m:ﬁﬁoﬂ

Fie. 6. w,._g bnmnanpnmm

.H_wmna third level uan aggregates ave com-
prised of 601 pritmary particles?

the ma.vo»rmmmm (advanced by others) of

multiple levels. or -stages (at least

‘three) of floc aggregation. .

4. The intensity of agitation pro-
vided during Hocculation does not af-
fect flac density significantly, size-for-
size. It does; however, alter the Hoc
size-frequency distribution and thereby
the demsity characteristics of the sus-

* pension.

LAGVANKAR & GEMMELL

o
Jour. AW W

m.ﬁmﬁmﬁnmmnsmmnmémn:ﬂwu Smm&mm@
aid mentioned above indicate that thig)
polyelectrolyte, used in smail concent]

tration along with ferric sulfate, acmu
not alter floc densities, size-for-sizél

but does increase floc strength as E&ﬁ
cated by the observation that ﬂw_.m.._
flocs were formed when it was used 3

6. Floc size  distributions. o_u.HEQ.ﬁ.,.
from settling column avalyses - should:

" be viewed with considerable skepticis ,m
unless - the floc. Enn.mnsw:w 4&.5#9
was B#mn .E»o mnncsi .

.m.nwuosuon—aupmnm
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dwmvm”m

ﬁmmonownom .
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3| that the fertilizing elements most re-

The Phosphorus Problem
Kenneth M. Mackenthun

A coutribution submitted to the JournaL on Sum. 7, 1968, by Kenneth
M. Mockenthun (Active Member, AWWA), Acting Chief, Bio. ond
Chem. Section, Tech. Advisory and Investigations Branch, Div. of
Tech. aneunm.v F Ecuh.\b us b&; of the Interior, Cincinnats, Ohio.

ww and an increase in midge Nm..ﬁww. whose

adult stage has plagued man in Clear
Lake, Calif,, Lake Winnebago, Wis.,
and severa] lakes in Florida. Dense
algal growths forin surface water scums
and algal-littered beaches. Water may
become foul-smelling.  Filter-clogging
problems at municipal water installa-
tions can result from abundant sus--

Eudnm crom@uo...:m in Ewﬂn-.
water sources” has become a
slogan to those who would decelerate
cultural eutrophication. Phosphorus is
a nutrient that often is limiting to
aquatic plant growths. When present
in excess of a critical concentration,
however, and when other environ-
mental conditions are favorable, phos-

phorus can stimulate plant growths pended algae. When algal cells die,
that produce scums and odors and de- oxygen is nsed in decomposition, and
stroy water uses. Although present in fish kills have resulted. Rapid decom-
sewage; phosphoris concentrations in  position of dense algal scums, with as-
“domestic and industrial wastes can be sociated organisms and debris, gives

reduced by treatment, for unlike ni-
trogen, another essential plant nutrient,
phosphorus cannot be fixed from’ the
atmosphere by plants and added to the
aquatic ecosystem,

Euirophication

. Eutrophication is a term meaning
enrichment of waters by nutrients
through either man-created or natural
means. Present knowledge -indicates

rise to odors snd hydrogen sulfide gas
that creates strong titizen disapproval;
the gas aften stains the white lead paint
on residences adjacent to the shore.

Certain algae are known to be toxic
to animals. Water in which cettain
blue-green algae have bloomed may
produce death in mammals and fish,
even when the algal cells themselves
are excluded. " Humans who have ac-
cidentally swallowed several mouth-
fuls of lake water containing an &w&
scum . have suffered severe gastroin-
testinal distress.

Nitrogen and _u?om—uransm are neces-
sary SEbosnEm of an environment in

sponsible for lake eutrophication are
i phosphorus and nitrogen. Iron and
certain: “trace” elements are also im-
portant. - Sewage and sewage efflu-

ents contain a gemerous amount of
those nutrients :n.nmmmmd‘ for algal
development.

Lake eutrophication results in an
increase in algal and weed nuisances

i047

which excessive aquatic growths arise.
Alpal growth is influenced by many
varied factors: vitamins, tiace metals,
hormones, auxins, extracellular me-
tabolites, auiointoxicants, viruses, and
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. ) . . o are to be preserved in a usable state, pounds. Dissolved organic phosphorus
predation and grazing by aquatic ﬂuﬂoms.ﬁ:m such mqqﬁ_u.m m _NMM_. mno .._\“_ both for recreative and other essential compounds were absorbed by bacteria
animals. Several vitamins in small graphical area, but not in anotiet: I purposes. ' and broken down, and inorganic phos-
quantities are requisite 10 growth - in Hﬁ.nnoum#ﬁnﬂﬁ .T—.oa. nﬁumu%nwn. 1 - phorus was release d
certain species of algae. In 2 fresh- copper, Zinc, molybdenum, .%wam ium, H, Sourcen. , Auinal excretions are a major
water environment, algal qnas_qmﬁn:mm boron, chlorine, nn..H.SF m.”._.nowu are - Depending on their contributions to  source of plant nutiients in the sea
are met by vitamins supplied in soil generally present In freshwater en- the aquatic ecosystem (not to sustain

and also contribute nuirients in fresh
water. According to Johannes® the
rate of excretion of dissolved phos-
phorus per unit weight increases as
body weight decreases. As a resuli,

vironments in the small concentrations
sufficient for plant growth. Vitamins
are synthesized by several organisms.
& Phosphorus, bowever, is ‘an element
(1) highd

runoff, lake and stream bed sediments,
solutes in the water, and ann&wor»wm
produced by actinomycetes, fungi, bac-
feria, and several algae.

life, but to encourage its production
to nuisance proportions), sources of
phosphorus may be classed as major
and minor. Phosphorus. amounts in

. o ; ities i unicipal . g : 1
Evidence indicates that: found in _mnﬂn pnmﬂﬂﬁwmﬂwﬁhﬂ.nﬁm mﬂw& these sources are controllable or incon-  microzooplankton may play a major
phosphorus concentrations are associ- ﬁﬁ some_ industrial e trollable, within the limits of economics rcle in planktonic nutrient regenera-
. and present technology (Table 1). tion. Although data are not available
TABLE 1 - .

Pounds of Phospherus 1o Aquatic Ecosysies TABLE 2

22 2.3 (3), 1.9 (&), and 2.5 (53.
s«ﬁﬁﬂ%ﬁﬁ» vawu_...c_,cmms preseot in atmosphere “‘was

mn&“ with accelerated eutrophication
of ‘waters, when other growth promot-
ing factors are v_‘nmgﬂ.ﬁmv aquatic
plant problems develop in reservoirs
or other standing waters at phosphorus
valiies lower than those critical in flow-
ing streams; (3) reservoirs and other
standing waters collect phosphates from
influent streams and store a portion of
these within consolidated sediments;

and (4} phosphorus concentrations
critical oxious plant growths vaxy

hed out'' by rainfall

with other water quality characteristics
when it is introduced into the m@ﬁuﬂm@w
ecosystem in amounts greater ?gw.m
those found in “unpolluted environiz
ments, plant problems develop. dm_nmm.
contempotary techniques, phosphor o)
can be more feasibly reduced i iwmﬁﬁw_”
waters than can other constituents es*}
sential to the development of aquaticy
plants, It is logical, then, that dili~y
gent effort be made to minimize phos-}
phorus inflows into waterways if theyt

s

found in solution and is bound in bac-
teria, - algae, zooplankton, . vascular
plants, benthos, fish, and fecal pellets

" (Table 2)... Some phosphorus bound

in this manner. is in “temporary stor-
age™ and, upon death. of the organism,
becomes available to support life
within the standing body of water.
Watt and Hayes * found that or-
ganic phosphorus compounds were re-
leaged into solution-from dead or dying
organisms. Rapidly growing popula-
tions of bacteria and green plants did
not release organic phosphoris com-

. - — - Stonding Crop Per Surface Acre in Lokes
- — Co " RCOOLPY. o
utrollabl . : = : Sub
dalor Minar Malor . Migor . b.m Phytoplankton | Atached <%Mhmmwa Fish Midges
aj i k Fri .
X : ter¢® g . .

Sewage: 3 \ﬁ.wmﬁ.\uﬁe .Uﬂnﬁ\wﬂn M_.:n_ﬁ" 17%%“”% ”onr. Wﬂ.nimﬁ.ﬂ. , e Wet weight-—b 1,000-3,600 (16} | 2,000 (17) [ 14,000 (18) 150- 200-

- a, H i .“_ .

Some industries, &8, mwﬁasﬂmob\ tonf? | Cultivated wwqmﬁ_wﬁw Onﬂ\ﬁ%ﬂﬂwmﬂww—mfm." i} Dry weight—t 100-360 200 1,800 g.m.ﬁou M%.ﬂ%ue
potato _unnnnwmmamu MMH..MW%:&\ el ) m,nmmmqaﬂwwﬂuz 6.8(21) 2.8 (16} 1.8 (22) 2.5(23) 7.4 (16)
1.7 /ton processe £ PP i : g

18, wan : , \ary wgt) , :

wHu : a.ﬁ.&»ﬁ\_ : - w.s Qo_Tm_ . a...mmnmu N 6 32 3.8-15 3-6
. AR IR meur . {833 in crop— "Q.7-2,7 . 0.3 3.2 0.3-1.2 0.4-0.7
Benthic sediment se ,_.nnunw.w,.um@ ﬁw Mws.n\u: Harvestable N—Ib — — 16 1038 | 0204

lease Dead organisms; - X :wmﬂwmnmv_n P—ib _ — H.b 0.1-0.3 0.02-0.04

fecal pellets - ‘, ,
! : . .
T e v st anppa/cspls contributan of phospliorus in pounds from d In the ecosystem, phosphorus is on quantitative nutrient excretions from

these organisms in the freshwater eco-
system, the importance of this as a
continuing nutrient source must be
considered. o . :

Cultures of bacteria and mixed mi-
croorganisms have been found to ac-
tively release a large portion of their
phosphorus to the medium in a matter
of hours, when kept under anoxic con-
ditions. - Cnly phosphorus is lost, prob-
ably as orthophosphate and apparently
from. the acid-soluble fraction of the
celis. The process is-completely re-
versible under aeration,
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Zﬁmmabn@ Plant Growihs

Important factors affecting aquatic
growths include temperature, sunlight
and its penetration in water, size,
shape, type of substratum, and contour
of lake basin, and water guality. The
total supply of an available putrient
depends on the total volume of water
and concentration of the element in the
water, The surface area is importani
becatise  accumulations of algae along
the shoreline of a large lake, under a
given set of wind conditions, could
easily be much larger than on a smaii
Jake, under equal fertilization per acre.
The shape of the lake determines to
some degree the amount of fertilizing
matter the lake can Assimilate without

algal nuisances, for prevailing winds, -

blowing along a long axis, will push
the algal production of a large water
mass into a relatively smail area, The
most offensive conditions develop dur-
ing periods when very mild hreezes
send floating algae toward windward
shores, Shallow lakes, tgo, respond
differently - than deep, stratified lakes,
where the deeper waters are seasonally
confined as separate volumes by a
thermacline. In nonstratified waters
all nutrients dissolved are potentially
available to support algal bloom. When
waters stratify, only nutrients confined
to the epilimion are available, except
during those, periods when complete
circulation ocours.

Sawyer® studied the scutheastera
Wisconsin lakes and concluded that
a concentration of 300 pg/l of incrganic
nitrogen (N) and 10 pg/l of soluble
phosphorus {P) at the start of a grow-
ing season may help produce nuisance
algal blooms. Chu *? found that opti-
mum growth of organisms studied in
cultures can be obtained in phosphorus

K. M. MACKENTHUN

Jour. AW WA

concenirations from 90 to 1,800 ug/l,
while a limiting effect on organisms oc-
curs when phosphorus concentration
is 9 g/l or less. The lower Hmit of
optimum growth occurred in phos-
phorus concentrations from about 18
to about 90 pg/l, which may exert a
selective limiting influence on a phyto-
plankton population.

Experiments by Ketchum *® with the

diatom, Pheeodactylum, show a reduc-
tion in rate of cell division, when phos-

phate in the medium is less than 17
pg/l P. Strickland ?* states that the
limiting phosphorus concentration in
some, cultures is less than 5 pg/l. The

problem is complicated, becaunse auxili- |
ary compounds may affect the avail-{-
ability of phosphate to a plant cell,: -
Sylvester*® found that nuisance algal !

blooms began in Seattle’s Green Lake

(a very soft-water lake) when nitrate &
nitrogen (N) levels were above 200 .
»g/1 and soluble phosphorus (P) !

levels were greater than 10 pg/l.
Because the ratio of total phosphorus

to that form of phosphorus. readily

available for plant growth is constantly

changing, it is desirable to establish ;

limits on the total phosphorus, rather
than on that portion that may be avail-

able for immediate plant use. Most

relatively uncontaminated Iake dis-
tricts are known to have surface wa-
ters that contain 10-30 pg/l total phos-

phorus (as P); in waters that are
not obviously polluted, higher values |

may occur®  Data collected by thé
FWPCA, Division of Pollution Sur-

. veillance, indicate that total phosphorus

concentrations, principally in streams,

exceeded 50 pg/l (P) at 48 per cent.

tion and averaged less than 50 pg/l at
52 per cent. Some potable surface

B

P

1
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(P). Turbidity in many of the na-
tion'’s sireams, however, negates the
algal-producing effect of high phos-
phorus concentrations. .

To prevent biological nuisances, to-
tal phosphotus concentrations should
not exceed 100 pg/l at any point
within a flowing stream, nor should 50
#E/1 be exceeded where waters enter
a lake, reservoir, or other standing wa-
ter body. Waters now containing less
than the specified emounts of phos-
phorus should not be degraded by the
introduction of additional phosphates.

When waters are detained in a lake
or reservoir, the phosphorus concen-
tration is reduced by precipitation or
uptake by organisms, with subsequent
deposition in sediments as fecal peliets
or dead organism bodies. Some re-
ceiving waters may experience algal
naisances at and below the proposed
phosphorus level in influent streams.
Suggested phosphorus limits will re-
strict noxious aquatic plant growths
in flowing waters and should restrict
such growths in other waters that re-
ceive these flowing streams.

Conirol

Many measures have besn proposed
to limit the eutrophication problem in
lakes, ponds,and reservoirs. Some of
these are: dredging, algal harvesting,
tertiary treatment of wastewaters, fish
harvesting, diversion of wastes around
lakes, dilution of standing waters with
waters of lower nutrient concentra-
tions, treatment of inflowing streams
to remove phosphates, and sealing. off .
benthic sediments with inert materials.
Within -the present state of the art,
adequate controls are limited to treat-
ment of point sources to remove nu-
trients and to diversion or dilution,
where feasible. :

THE PHOSPHORUS PROBLEM
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The relationship of the total volume
of water in the lake or reservoir to the
area of land drained is important. For
example, when the 3-month inflow of
nitrogen and phosphorus from nonpoint
waste sources within the drainage ba-
sin exceeds the quantity of those ele-
ments  within the rteceiving waters,
eutrophication deceleration may be im-
possible without drastic land manage-
ment changes. The critical ratio of
lake volume (acre-feet) to land drain-
age {(square mile} will depend on de-
tention time within the lake, lake
depth, interchange with lake bed sedi-
ments, and the pounds of inflowing nu-
trients. In fertile agricultural areas,
where runoff may contribute 250 Ib of
phosphorus per square mile of water-
shed per year, 1,800 acre-ft of storage
might be necessary for each square mile
of drainage ares to prevent nuisance
algal blooms from runoff alone. This
assumes a detention time approximat-
ing 1 year and a 50 per cent reduction
of inflowing phosphorus per year ‘within
the lake. . -

Once mutrients are combined within
the ecosystem of the receiving waters,
their removal is tedious and expensive ;
removal must be compared to inflow-
ing quantities to evaluate accomplish-
ment. In a lake, reservoir, or pond,
phasphorus is removed naturally only
by outflow, by insects that hatch and
fly out of the drainage basin, by. har-
vesting a crop, such as fish, and by
combination with consolidated bottom
sediments. Even should adeguate
harvesting methods be available, the
expected standing crop of algae per
acre exceeds 2 tons and contains only
about 1.5 Ib of phosphorus.  Similarly,
submerged aquatic plants could ap-
proach at least 7 tonms/acre (wet
weight) and contain 3.2 Ib/acre of
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phosphorus (Table 2). Probably only
half of the standing crop of submierged
aquatic plants can be considered har-
vestable. The harvestable fish popula-
tion (500 Ib) from 3 acres of water
would contain only 1 Ib of phosphorus.
Dredging has often been suggested
as a means of removing the storchouse
of nuirients contained within the lake
bed . sediments, ~ These sediments arg
usually rich in nitrogen :and H..._Sm_.
phorus, for they represent the accurny-
lation of years of setiled organic ma-
terials. Some of these nutrients are
" recirculated within the water mass and
furnish food for a new n..om. of onmmEn
growth, e
. Hasler® ?EH._ %mﬂ in an .:E&m-
turbed mud-water: .,mwmnﬂn the per-
centage of nutrients,. as..well as the
amount of phosphorus that is released
to .the -superimposed water, is very
small. In laboratory experifments,
when P %2 is placed at vaiious depths
in ahe -mud, the " diffusion into’ the
overlying noncirculating ‘water is neg-
ligible, «if the vromwroanm is.: placed
more than:l cm in the fud. . Apphi-
cation of lime to the: water .or mud te-
duces -the amount'.of soluble :phos-
phoius reléased. . Acidification” of pre-
viously. alkalized mud - will, upon
dgitation, increase the amount of phos-
phorus entering solution, | In an -aqua-
riwn experiment, - circulation ' of the
water:. above. m.#%_uwou.sm.:n# -mud,
- with the.aid of air -bubbles, increased
»ra Uwomwrcﬁ_m in solution. .. ‘i
. Zicher ef al® found in laboratory ex-
periments that the percentage of phos-
phorus released to water from radio-
active superphosphate fertilizer placed
in an undisturbed ‘mind-water systenl
was very small, with virtually no re-
lease of - phosphorus from feriilizer
‘placed at depths greater than } in. be-
low the mud surface.  Radiophos-

K. M. MACEENTHUN
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phorus placed  in. below the roud sur-
face showed only a very slight tendency |
to diffuse into the water, while the M
radiophosphorus placed at a 1-in. depth |
did not diffuse into the water at all. |
Dredging deepens an area within a
lake and can be beneficial if ‘the in-
creased depth is sufficient to prevent
growth of larger nuisance -plants,
Dredging - uncovers yet - -another soil
strata that will contain ‘phosphorus ‘in
some. n:muﬁ»w. subject to “solution 5 T
water.” | The ‘newly &.nnmna area’ 5.- m
mediately - begins o receive ' orgaiiic ‘|
fallout from waters above, forining a
new_interface at which nutrient ex-
change s substantial, Sediments dis-,
turbed - during- a dredging .o_uﬂ.mﬁo:. .
liberate’ nutrients at'a raté more rapid’ .
than seditnents left - undisturbed :and - ~
all of these factors must be oos.ﬁann&
when _.oosgnumﬁm dredging for nu -
trient removal. - Based entirely on nu-:
trient- considerations, dredging cadi’ ‘be:
advantageous : only when " it removesjy
sediments : that contain’ a- r_m_anw onk
centration’ of nutrients: than -the Enmm
face likely ta be’ formed: by fallout:
The chemical precipitation of wrom-

uh
phates as a treatment mnwﬁnaaﬁmﬁ & W_
conventional “secondary - processes’ is i
novr feasible; both ‘technologically and _
financially. - Without -question, othier 7 i
technological advances in nitrogen -and '/
phosphorus removal from wastewaters | b
will ‘be - forthcoming. .. Wastes: usually
are -discharged -initially i:into “flowing.
waters: . These waters oiten enter’ Fwnm....
and reservoirs before their added nu-4
To maintain receiv- .w
ing waters in’ a} condition : satisfactory &
for multiple use, maximum m.#omvrﬂn .i
removal must be practiced at the waste '
source.- If mnﬁcv_._om:o: is to be de-;
celerated, remdval of nutrients must be d_r
Mnoﬂsﬁ__m:nm before wastes are per- 3

mitted to enter receiving waters. 4

s

Sep. 1948
Summcry.

Wastewater phosphdrus inflows to
receiving waters must be reduced io
check accelerating cultural eutrophi-
cation.. A’ considered judpment sug-
gests that to prevent biological nui-
sances, total phosphorus should not
exceed 100 ug/1 P at any point within
the flowing stream, nor should 50 ug/1

be exceeded where waters enter a lake,

reservoir, “or  other mg.&nm - water
body. Those waters now containing
less m&o%rou:m mro:_n .ot an de-
Nummnm

>Qﬁnw$ vrcwwre.sm nosﬁ.cwm must
now be directed toward éreatment of
nutrient ‘point sources. and 'to waste-
water - diversion . around. :the lake or
ditution within' the lake, where feasible.
Once nutrients are combined within the
ecosystem of the receiving waters,
their removal is tedious and expensive.
Results of, mﬁ!mmnnm an aquatic erop,
dredging, or other means .o remove
un.m:nﬂm after- ﬁ_.ﬁ% 535 reached Tte-
ceiving | “iwate ‘must’ cn 8:%9.& -to
Emos:nm autrient nﬁ:ﬁcnm 3 nﬁhsl
ate wnnoam__mwagﬁ_

m_.@mmwmﬂn@a
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New Developments in Automatic Cathodic
Protection for Water Storage Tomlks

Van Dyke j. Poliiet

A paper presented on Jun. 4, 1968, at the Anmual Conferance, Cleve-
lond, by Vaen Dyke J. Pollitt, Mgr., Systems Service Div., Electro
Rust-Proofing, ¢ dévision of Wallace & Tiernan luc., Bellevilie, N.J.

N earlier years, cathodic protection

systems for water storagre tanks and
other water utility structures were hit-
or-iniss propositions. Although it was
kmown that a potential. could be
achieved on submerged steel that would
render its surface corrosion-free, little
was known about the effect of applied
currents om protective ccatings, and
system adjustment was rarely based
upen actual field conditions and ve-
quirements,

Cathodic protection requirements
change from tme to time and from
place to place. For any given water
utility structure, the amount of cathodic
protection current required to achieve
and maintain a protection condition
changes scores of times each day.
Given two identical storage structures
with identical coatings and storing
identical waters, differing degrees of
cathodic protection need will exist.

There are literally scores of vari-
ables that have a direct effect on the
rate of corrosior activity within a
structure,) and these variables cannot
be assumed to remain stable and re-
They inclode- -

1. Waier resistivity changes. These
can be caused by changes in water
source or treatment, changes in chem-
ica]l comtent, changes in temperature,
and so on.

2. Water corrosivity changes. Vari-
ations in DO, chloride ion content, and
so on, affect a given water’s propensity
to support galvanic corrosion,

3. Accwmulated asmpere houwr effect.
Less cathodic protection current is re-
quired to maintain a protection effect
than is required to achieve it. This
variable is also related to the quality
of applied paint coatings,

4. Loss of conting effectiveness.
Paint cpatings are applied to sub-
merged steel surface areas for the sole
purpose of isolating the steel from the
corroding medium, All coatings are
subject to deterioration in service due
to water absorption, abrasion, bond
failure, delamination, ice damage, and
so on. : _

5. Anode consumption in service.
Anode material is consumed as direct
current flows from it. As the anodes
are consumed, the circnit resistance
of the cathodic protection system is in-
creased. This necessitates changes in

applied voltage to maintain a protec-
tion effect.

6. Water level fuctuation. Natu- -
rally, the current required ‘to protect
a given tank or other structure varies
as more or less steel is exposed to the
water electrolyte,

It is not enough to recognize that
these changes occur without the cor-
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