


One Cambridge Place, 50 Hampshire Street
. Cambridge, Massachusetts 0213%

tel: 617 452-6000

fax: 617 452-800%

e August 30, 2007

Mr. Paul A. Kennedy

o Superintendent
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.
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Comments on the Revised Draft Permit for the City of Attleboro

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/l Total Phosphorus
as a monthly average, as compared to the previously proposed limit of 0.2 mg/] total
Phosphorus, as 2 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.

‘BPA 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 jssued in 2006 and on further evaluation of the administrative record.

RIDEM claims that the 0.2 mg/1 limit js inadequate to provide for compliance with the
Rhode Island Water Quality Standards and suggests that EPA should undertake a waste
ioad allocation study. According to EPA, the Rhode Island Water Quality 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 excesdance 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 mitlion gallons (See Attachment 1 hereto). Using this
value, and the flow data from the USGS gage located immediately downstream of the
John V. Turner 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 bedies 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 vear low flow to develop the limit. In most systems, the




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 fo achieve compliance with the Rhode Island standard. But no information 18
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 (e.g., based on weekly or biweekly measurements) is
considered appropriate. However, these central tendency measures should apply
cach season or each year, except under the most extracrdinary conditions (e.g., 2
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. Tumner reservoir that could significantly impact the phosphorus loading 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 (.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 Hmit 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/] permit limit, including the criteria presented in the Gold Book ( the 1986
Quality Criteria for Water); information presented in the 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 carsful
reading of this document suggests that it is referencmg 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 concemning the development of the recommendation — and so it
presents no guidance on how it should be applied - seasonally, menthly, 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
25t 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 East Providence on the Massachusetts-
Rhode Istand border with parts of the reservoir area extending into Seekonk,
Massachusetts {see Figure 1), The James V. Turner Reservoir consists of a series of three
(3) ponds with a combined surface area of 225 acres and is Jocated at the end of the
freshwater section of the Ten Mile River. The three ponds are individually named North,
Central, and South Pond, but collectively known as Turoer Reservoir. Below Tumer
Dam, at the south end of Sonth Pond, the Ten Mile River flows about two miles to the
Providence River. Total drainage area at the dam is 52,1 square miles.

Between 50 years and 100 years 2g0, a dam was constructed on the Ten-Mile
River approximately 100 feet upstream from what is now Route 152 presumably o
provide waterpower for alocal mill. The resulting one-mile long impoundment is the
area now known 2s Central and North Ponds, and consisted of approximately 100 acres of
artificial lake. In 1930, another dam was constructed approximately 0.75 miles
downstream from the original 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
Turner Resarvoir, and consisted primarily of the fiooded pasture/wetiand immediately
downstream from the milldam (i.e. Route 152). It also inciuded the upstream areas of
Central and North Ponds, due to the higher weir elevation of the new dam, which raised
the impoundrnent surface elevation above the previous Jevel of Central/North Pond (i.e.
overtopping the milldam). This formed the existing Tumer Resarvoir Centrat/North Pond
complex. The remains of the mill dam (i.e. the water control struetures) can be seen
upstrezm from Route 152, and the weir still stands approximately 5 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. It was discontinued
due to odor and other aesthetic water quality problems. It is currently used for
recreational fishing and boating. .



3. Reservoir Description. James V. Turner Reservoir is located in East
Providence on the Massachusetts-Rhode Island Iine, with pars of the reservoir extending
into Seekonk, Massachuseits (See Figure 1). 1t 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 *Tumer Reservoir.” To zvoid confusion, “Turner Reservoir”
is used in this report to refer to all three ponds, which are mdwadnally referred to as
“North,” “Central,” and “South” Fonds.

4. Reservoir Use. East Providence nsed Turner Reservoir as a public water
supply source until 1969, when treatment with sand filtration followed by chlorination
was no Jonger able to keep coliforms 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 paris of East Providence, Pawtocket, Attleboro, and all of the urbanized area of
North Atlleboro. 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 Slater Park, which is just upstream from Tumner 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 o add nutrients 1o the
river, leading to entrophication in downstream impoundments. Urban runoff, and to a
Jesser extent municipal discharges, will also add coliform bacteria, metals, and organic
chemicals ta 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 undoubiedly reduced it since it was Jast used for water supply. However, the
reservoir has a surface area of 225 acres, and very rough measurements doring 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
il-year record at the gage, from 1986 throngh 1997, and adjusting flows by drainage area,
the average daily flow al the dam is 103 cfs (66 million gallons per day). Using a spread-
sheet analysis of fiow 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 gailons per day. If
used as a backup water supply, the resérvoir conld provide greater yields for shorter
pericds of time: however, during 2 serious drought the yietd could be jess.
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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).

3.0 AREA COVERED BY THIS DOCUMENT

This chapter provides a general description of the Aggregate Ecoregion and its
geographical boundaries. Descriptions of the Jevel 1} subecoregions contained within the
Aggregate Ecorzgion 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 marshland; 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 streams that are often tidally influenced.
Urban, suburban, and rural residential, commercial, and industrial areas occupy a Jarge and
grawing percentage of the region; such large human population concentrations are absent from
Ecoregion V1II. Some of the biggest cities in the United States are scattered throughout the
Eastern Coastal Plain (XIV) and have locally replaced the native woodland.

Lake quality in the Eastern Coastal Plain (X1V) has been significantly affected by urban,
suburban, and industrial development as well as by poultry, livestock, and aquaculture
operations. In 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 Jarge 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 Nuftrient
Impacts
@ :
] WB Type ] Waterbody Name ] Target End Datd
E Apponaug Cove 2005

E Brushneck Cove - 2005

E Buttonwoods Cove ' 2005 -
® E  Greenwich Bay 2005
E Greenwich Bay 2005
" E Greenwich Cove 2005
E Greenwich Cove 2005
E Palmer River 2005
E - Providence River 2005
® E  Providence River 2005
E Seekonk River 2005
E Warwick Cove 7 h 2005
E  Warwick Cove _ . - 2005
L Kickemuit Reservoir (Warren Reservoir) - 2005
® L Mashapaug Pond ) : 2005
L - Sands Pond o 2005
L Saugatucket Pond 2005
E Greenhili Pond _ 2007
E Mt. Hope Bay ; 2007
° E Mt HopeBay o o007
E " Mt. Hope Bay ) 2007

E Mt. Hope Bay , 2007
E  Potter Cove 7 _ o 2007
E Tidal Pawcatuck River ‘ _ _ 2007
E Upper Narragansett Bay : ' 2007
® E Wickford Harbor 2007
L Almy Pond : . 2007
L ~ Belleville Ponds _ 2007
L Brickyard Pond ' ) 2007
L Gorton Pond 2007
Y 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

16




®
| 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

o R Runnins River & Tribs 2012

L

°

®

®

®
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Eutrophication and Biological Associations

KENNETH M. MACKENTHUN

Direceor, Division of Applied Technology,
Enviranmental Protection Agency, Washington, D.C.

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

"~ Lund {48) in his thoreugh literature review stated that “Nitrogen and
phosphorus can still be considered as two of the major elements limiting
primary production. In some tropical and highty eutrophic temperate lakes,
nitrogen may be a more important limiting factor than’ phosphorus. In
many other lakes phosphorus is present in very low concentrations and seems
to be the major factor Adimiting production. Evidence from the addition of
fertilizers to fish ponds and from what is known about the eutrophication
of lakes by sewage supports the view that phosphorus plays a major role
in production.” Carbon, as well as molybdenum, has been found to be
limiting in particular natural waters (27, 42).

Evidence indicates that: () hi gh phosphorus concentrations are associated
with accelerated eltrophication of waters when other growth-promoting
factors are present; (b) aquatic plant problems develop in reservoirs or other
standing waters at phosphorus values lower than those critical in flowing
streams; (c) reservoirs and other standing waters collect phosphates from
influent streams and store z portion of these within consolidated sediments;
and (d) phosphorus concentrations critical to noxious plant growths vary,
and a given concentration will produce nuisance growths in one geographical
area but not in another. Potential contributions of phosphorus to the aquatic
environment have been indicated in the literature (Table 1).

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

613
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FABLE % Pounds of Phosphorus Contributed to Aquatic Ecosystems (51}

Major contributors
Sewape and sewage effluents: 3 1bf{capita) (year)®
Some industries, for example, potato processing: 1.7 Ihton processed
Phosphate rock from 23 states {33) o
Cultivated agricultural drainage: 0.35-0.39 Ib/acre drained per year (24, 73, B6)
Surface ierigntion returns, Yakima River Basin: 0.9-3.9 Ibf(ucre) (year) (81)
Beathic sediment releases

vinor conlributors
Domestic duck: 0.9 Ibfyear (72)
Sawduost: 0.9 Ibfton (22)
Rainwater®
Groundwater, Wisconsin: 1 1b/9 million gul (40)
Wild duck: 0.45 Lb/year (62)
Tree teaves: 1,8-1.3 Ihfacre of trees per yeir (17)
Dead orpanisms; animal excretions

Various researchers have recorded the annual per eapita coniribution of phos-

sharus in pounds from domestic sewape as 2 to 4 (13), 2 and 3 (56}, 1.9 (61), and
1.5 (75). ,

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

shosphates from synthetic detergents are the principal contributions,
Jdecomposition of the organic material, along with soluble phosphates,
esults in phosphorus concentrations in excess of the requirements for
lant growth, The readily available soluble phosphorus often furnishes a
ood source for nuisance biological growtha.

iIEWAGE

“he discharge of human wastes results in an abundance of mitrogen in all
orms, causing an abrupt change in the nutrient baiance of the stream.
¥hen untreated domestic sewage is discharged to a watercourse, organic
litrogen {proteins) and ammonia are the principal nitrogen constitnents.
n the water, nitrifying orpanisms decompose the organic materials and
ixidize the ummoenia to nitrite and nitrate. Since the nitrite ion is a transient
orm 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,
vhile 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
nutrients 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 ontflow, by insects that hatch and fly
out of the drainape basin, by harvesting a crop, such as fish, and by com-
‘bination with consolidated bottom sedimenis. 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. Stmilarly,
submerged aquatic plants approach at least 7 tonsfacre {wet weight) and
contain 3.2 1bjacre of phosphorus. Probably only half of the standing crop
of submerged aquatic plants can be considered harvesiable. The harvestable
fish population (500 Ib) from 3 acres of water would contain only 1 Ib of
phosphorus.

Sawyer (74) disoussed {actors that influence the development of nuisance
algal growths in lakes. The surface area is important since the accumulations
of nlgae along the shorelinc 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 Jake determines to some degree the nmount of
fertilizing matter the lake can assimilate without algal nuisances since
prevailing winds blowing along a long axis will concentrate the algal pro-
dnction from a large water mass inta 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 walers arg
sealed off by a thermocline. In the nonstratified waters all the nutrients
dissolved in the water are potentially available to support an algal bloom.
Tn stratified waters, only the nutrients confined to the epilimnion are available
except during those brief periods when complete girculation occurs.

Chu (18) found that optimum growth of all organisms studied in cultures
can be obtained in mitrate-nitrogen concentrations from 0.9 to 3.5 mgfl.
and phosphorus concentrations from 0.09 to L8 mg/l., while a limiting
offect on all organisms will oceur in nitrogen concentrations from G.1 mgfl.
downward and in phosphorus concentrations {rom 0.009 mpfl. downward.
The lower limit of optimum range of phosphorus concentration varies from
about 0.018 to about 0.09 mg/l., and the upper limit from 8.9 to 17.8 mg/l.
when nitrate is the source of nitrogen, while it lies at about 17.8 for all the
planktong studied when ammonium is the source of nitrogen. Low phosphorus
concentrations 53_..32.@33, like low nitrogen concentrations, exert a
selectlve limiting influence on a phytoplankton population. The nitrogen
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concentration determines to a larpe extent the amount of chlorophyll formed.

Nitrogen concentrations beyond the optimum range inhibit the formation N R R ..m....m
of chlorophyll i lgne 5| Sdddddeddy Bieee o
P % In green algae. %4 I I R e e T T v o A ,d“.d.
3565566ﬁﬁﬁ_ﬁwSﬂﬂﬁﬁﬁwmmﬂﬁM%nuﬂ SAA
[~}
SEDIMENTS mmy BB
. BAE | 53ESEEASEEEEESSEAART TR T AR
Keup (43), in flowing water studies, found that phosphorus is temporarily N
stored in bhottom sediments or transported as a portion ol the stream’s mm} .
bed load after its removal from the flowing water. Long-term storage is 88 B RSAYRRERSAYCHIVS Aoszaeggi= 288
affected when the phosphorus is pooled in deltas or deposited on flood BE MR TmommmE e F8
plains. Keup reviewed the literatnre on phosphorus discharges by specific £
streams (Table 2). g
Sediments may serve c=.€ to support the water, or they may have & = %rm Mmmmmmmmmmwmnxnm%mnﬁmmmm?ﬁ noo
profound effect on the quality of the water that comes in contact with them. | & 8 = S he —pNgE M g
In a lake which man has not polluted seriously, the lake bed will resemble v <
H H [T 1" H £
the soils of the surrounding land. As man “civilized” an atea by plowing o - TP
fertilized ficlds, and by n.ﬁo_ﬁqmm:m sewage and indusirial wastes to the w se] SESSTEERES ) L
watercourse, lake-bed sediments assumed different characteristics because c mww EEEEEE R 8 BEpRE & Bia
of the materials that became a part of them. Concentrations of certain 8 38, e G5 Mt § agdge, 1 M&.,ﬂm T 9T
materials in the sediments became greater, the soil chemistry more complex, ] EEEEEEEEREELL m wewSB3H558. 5 535
and biological populations more numerous and specialized. .m o
Matter that can settle may transport nutrients to the sediments by ion- 5 A
exchange and sorption mechanisms. As coarser and denser materials settle 5| PR R TYYvrererronscampymnemgen now |
rapidly, large quantities of nutrients may be effectively removed and buried. Z 2 < - T e
Thotnas (84) observed a phosphorus reduction (as P) from 2000 to 150 pg/l. .m el
as particulate matter settled from water passing through a 25-mi-long ] s 18
reservoir that received 6,629,000 tons of sedimenls annually. The patticle 3 28 18
size of the suspended sediment was very small and was comprised of 5473, E & g B &
clay, 409 silt, and 6% sand, Also, once a dissolved nutrient is incorporated 5 =~ Mu £ . & g |a
into an orpanism, the tendency is for it to deposit as a solid. Metabolic m._h_ ol el . 5 smm m
cycling may delay settling of some elements such as nitrogen, carhon, or a8 8 g m iod g =iy 2
phosphorus; for other elements such as silicon, when “fixed” as a diatom A o | g o £ 5 . .mu C.m 5 3 g mm o
valve, the fate of deposition is nearly assured. .m m E cgE88 4 M._M..Mhh G888 FdgE = =aT m z
The contribution of nutrients and phosphorus in partticular from con- i mmm g2 P W.mm mww g Mm.mhm iy 1 mm ' E .m..u
solidated Jake-bed sediments to the water's biodynamic cycle is a variable 8 &y m.mMMMM g Py nw m,m_m o n.mwm mmm 4 m..m mm G mm
factor that depends to a great extent on the physical-chemical aspects of the m.. 3 w.m.m.m Y 4 mmm mmm g nm 38 m 1E M% mmm mlmr
environment. There is evidence to indicate that in an undisturbed mud-water £ FlRamdmm:sn G0 - E A RIS PRV EFa g u ag
system the amount of phosphorus released to the superimposed water is N _ 5%
very small (30, 87). : w 22| m . g m
Nutrients in the sediment have been found to be more important asz a @ ww g i B2
growth c©  “ibutor for sago pond weed than nutrients in the water (64). _.m M.m ﬁm ..w. m...m
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ia Eutrophication and Biological Asseciations

Mauts with extensive root systems aid in recycling nutrients that have been
suried below the interface and are otherwise unavailable to the overlying
valer. '

IENTHIC ORGAMISMS

tenthic organisms may transfer nutrients when that exchange is not reduced
ir prahibited by overlying materials. In a study on Connecticut lake sedi-
nents, Hutchinson and Wollack (36) found that diffusion of phospharus
rom the mud may be aided by the metabolic activities of benthic organisms.
itudies by Hooper and Elliott (33) on two species of protozoa indicated that
sganisms were capable of breaking down organic phosphates to inorganic
shosphorus in aerobic conditions.

in acddition to metabolic activities, benthic organisms may, through
surrowing aclivities, resuspend or redeposit nutrients on the mud surface
Lt would otherwise have been lost from the system. Aquatic oligochaetes
nay ingest quantities of material 2 to 3 cm below the interface, and midges
nay scrape up detritus from a depth of 5 to 10 mm (63). Aquatic organisms
ach 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
furing feeding activities.

EFFECTS OF EUTROPHICATION

fénasson (38) concluded that the bottom fauna fits into an ecological
sattern set by primary production of algae, vertical distribution and abun-
fance of macrophytes, dissolved oxygen, and nutrients. Increasing the supply
>f nutrients to the epilimnion causes increases in the standing crop and in the
sroduction of phytoplankton; traneparency decreases; subsurface light
jwindles; the macrophytes are excluded from deeper waters and aventuaily
vom the lake because of inadequate light; periods of dissolved oxygen
leficiency become more prolonged; hypolimnicnic pH decreases; and
ikalinity increases. These environmentat factors all have an adverse effect on

.un::fuwm_iEqunm::5_.nm:mo::m:,nwa_zrmo w::m_u:miwﬁoa?éaamnm
wnd worms. ,
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Larkin and Northcote (45) note that the evtrophication of lakes affects
fish in many ways. These resule 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 speeies, The abundance of
food organisms caused by eutrophication may accelerate preatly the growth
rate of the fish. On the other hand, eutrophic environments may force
cerlain species such ns 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 mobhile, they may respond
to adverse environmental changes by moving from the area, to which they
may return when conditions for existence become impraved. On other
occasions they may mot 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 throngh the contral gates
on Lake Keponsa, Wisconsin. The lake was made eutrophic principally
becanse 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
{0 the river it eliminated the dissotved oxygen, and the water exhibited toxic .
properties. -

As noted by Larkin and Northeote (453):

More than 40 years ago, A. 8. Pearse studied several lakes in Wisconsin, and his
review on the ecolopy of lake fishes summarizes major differences in the quantity
and species composition among the various Jake types (63). Increasing entrophy
is associaled with greater production. The largest oligotrophic lakes are dominated
by salmonids and coregonines, whereas smaller olipotrophs support centrachids in
abundance a3 well as coregonines. Such eutrophic lakes as Mendota, in Pearse’s
day produced large quantities of perch, largemouth bhass, white bass, rock bass,
carp, and buffalofish, The shallow Lake Wingra {maximum depth, 4.3 m) produced
large quantitiss of carp, crappie, sunfish, dogfish, and perch. In the words of
Tearse, ‘Each lake presents a type in which one or mare apecies of fishes may be at
their best and become dominant.’ It is scarcely surprising that with the chanpes
atiendant upon eutrophication, changes in fish populations should ensue.

Enrichment may cause both an increase and a decrease in fish growth in
different stream sections. Environmental ehanges resulting from enrichment
influence the total stream lenpth 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
substaniiatty or eliminated,
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ASSESSMENT OF MUTRIEMT PROBLEM

Raf.
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26
54
11
59
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69,70
28
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77,78
77,78
77,78
71,78
21,58
14
It
11
11
80

9
13
45

To assess a nutrient problem properly, consideration should be piven to
all of those sources that may contribute nuirients to the watercourse. These
sources could include sewape, sewage eflluents, industrial wastes, land
drainage, applied lertilizers, precipitation, nrbar runofl, soils, and nutrients
released from bottom sediments and from decomposing plankton. Transient
waterfowl, 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 ol 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 contribhute 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 nutrient values
required for algal hlooms, 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
attributable to man-made or man-induced pollution 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
sediments. The carbon, nitrogen, phosphorus, and their respective ratios
are important values to aid in the identification of a2 material, to calculate
the amount of major nutrients contained within a segment of the hiomass or
a stratum of sediment, and from which to judge the retative input of nutrients
to the water mass when the ecosystem campenent undergoes decomposition,
ot natural chemical change (Table 1).
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0.53
0.54
032
D.14
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0
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8.1
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P
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Dry
100-360
200
1,800
40-80

Standing-Crop (Ibfacre)

Wet
1,000-3,500
2,000
14,000
200400
150600

FIELD INVESTIGATIONS

The conduct of a field investigation to define the effects of entrophication
on the living aquatic resoutce invelves a number of important sequential
considerations. These considerations are formulation of objectives to define
the probler and delimit the scope of the study; planning in detail (he logical

hyllum.
Vallisneria
Potamogeton
Castalia
Najas

yriop
firudinea

Sialis

Myriophylium
Fish

Bottom organisms
Midges
Chironomus
Hyalella

M

TABLE3 Carbon, Mitrogen, and Phosphorus in Freshwater Environmentzl Constituents (50)

Constituent

Phytoplankton
Attached algae
Vascular plants

&11
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events that will lead to a successful study and the many details necessary t
ensure success in each phase of the investigation; data collection, whic
involves a selection of sampling sites, a judgment of the required number ¢
samples, and a decision on the proper time, type, periodicity, and extent ¢
sample coliection ; sample and data analyses and interpretation; and reportin
of results with conclusions, recommendations, and predictions.

The first fietd study in the United States to address itself to the comple
problem of determining a lake nutrient hudget was that of Sawyer et al. (76,
The essence of this report was later published (73). This 2-year study showe
that Lake Waubesa, at Macdison, Wisconsin, received at least 75% of it
inorganic nitrogen and 88 % of its inorganic phosphorus from sewage efltuen!
One facet of this study was historic because from it came the now famous an:
oft-quoted conclusion that 20,30 mgfl, concentration of inorganic nitcogen (N
and a 0.010 mg/l, concentration of soluble phosphorus (P} at the start of th
active growing season could produce nujsance aigal blooms. This conclusio
was based on the correlation of results of monthly nutrient and algal sampl
examinations from 16 southeastern Wisconsin lakes. Although these obser
vations were confined to one geographical srea, they have been substantiate
reasonably well in subsequent field and laboratory studies on waters i
which the total methyl orange alkalinity exceeds 40 mpfl.

PRESERVATION

To prevent biological nuisances in most waters, total phosphorus shoul
not exceed 100 ug/l. P at any point within the fiowing stream, nor shoul

TABLE 4 Total-to-Soluble Phospherus Ratios in Water
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TABLE 3 {continued)

Constitnent

o
[nd
E-Y

. Total P to
Waler Soluble P Ref,
Western Lalke Erie 3.5 , {3
Detroit River moutl 5-7 PHS Detroit Project
Linsley Pond, Conn. 10.0 15
Northern Wisconsin lakes 1.0 40
MNortheast Wisconsin lakes 2-10 19
Omntario lales (8) 17 11
Southeast Wiseonsin lakes {17) 9 Mackentbun, unpublished
Rock River, Wia. 2-15 Mackenthun, unpublished
Sebasticook Lake, Maine 2.8 Winter 54
12,7 Spring 34
7.0 Summer 54
4.1 Fall 54
‘ o e ®
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Retention

Phosphorus (P)

Loading
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Nitrogen (N)
Retention
(%2

Loading
[ib/(year acre)]

lari= (MULCIENT LO2QINES and Kaetentions
State

LR 1 )
Lake

References ) o ¥4

i 50 pgfl. 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 Jower concentrations may be critical in very Jow
alkalinity waters. Adequate phosphorus controls must now be directed
toward treatment of nutrient point sources and to wastewater diversion
around the lake or dilation within the lake, where feasible.

blished

82
Mackenthun, unpublished
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Mackenthun, unpublished

Mackenthun, unpublished

PHOSPHORUS SOLUBILITY DISTRIBUTIORN

WwOM

, Total-to-soluble phosphorus ratios may vary from 2 to 17 or even 207%,
s 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 volumetric 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 nsually retains a portion of those nuirients that it receives from its
various sources. The amonnt or percentage of the nutrients that may be
retained by a lake or reservoir is variahle and will depend on (a) the nutrient
loading to the lake or reservoir; (b} the volume of the supholic zons; {¢)
o . _ the extent of biological activity; (4} the detention time within the basin or

131 ] time allotted for hiological activity; and (¢} the level of the penstoclc or
discharge from the basin.

‘Long-term remedial measures might be focused on reducing the nutrient
concentration in troublesome areas or in altering some aspect af the topog-
raphy that concentrates or fosters the development of nuisance algae or
aquatic weeds. Such measures often involve costly physical maodifications 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 Clhty, Arizena

“OHME PHOSPHOR KBEIN LEBEN" ANONYMO

ECOLOGICAL CO NSIDERATIONS

In considering the ecological aspects of phosphorus, or any other elemer
for that matter, it is well to remember that a finite amount of each exists an
that the Law of Conservation of Matter applies to all, save the radioactiy
ones. Seldom are the elements per se of significance in environmental cor
siderations, except for mining and refining operations involved in winnin
the elements from their ores. Of vastly greater importance arc the compounc
that are generated from the elements to meet the demands of our moder
civilization. Although these compounds are uaually widely disseminate
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 N VARIOUS ECOMNOMIES

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 crop:
and food products derived from them. Continval removal of crops withou
recycling results in a depletion of available phosphorus in the soil, and crog
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. Laboratory measurements of the
densities of :.oSAHHC 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-
parible to that E.nm_nﬂnﬁ— by the Vold
niodel. -

3. The labor ﬁcd. ovmnwcﬁ_o:m om m_n
floc size-density relationship- mz_uu.oﬁ

Fig. 6. Fies b.mmnanﬁuu

m;ﬁw thivd lowel ?K. aggregaeles aye covt-
u._&.qma of aau ?ﬁza&. _wnﬁunh& 5

the E._ucn_ﬁm_m nmm<w=nnm by others) of
multiple levels. or:-stages (at least
three) of floc aggregation, §

4. The intensity of ~agitation pro-
vided during flocculation does mot af-
fect floc density significantly, size-for-
size, Tt does, however, alter the floc
size-frequency distribution and therehy
the ansm_q characteristics of the sus-
" pension,

LAGVANKAR & GEMMELL

" be viewed with considerable skepticisn

Jour. AWH

5. imited studies with the coagulat]

ajd mentioned above indicate that thigt
polyelectrolyte, nsed in small concens
tration along with ferric sulfate, doé
not alter floc densities, size-for-sizi
but does increase floc strength as indiyf
cated by the observation that_large

{lacs were formed when it was used,

6. Floc .size - distributions. obtained

from settling column analyses - should)

unless - the flac, .__nn-am:mnw qm:mﬂc
was ﬁu#n: into account.’

ﬁnwaoéum&agmﬁ»
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The ‘Phosphorus Proablem
Renneth M. Mackenthurn

A cowtribution subwitied to the JourNaL on Jun. 7, 1968, by Keaneih
M. Mackenthun (Active Member, AWWA), Acting Chief, Bio. and
Chem. Section, Tech. Advisory and Investigations Brauch, Div. of

and Internal- Work in Ea {

@ means.
of Floc Structure, - J. Coloid end:Jig) that the fertilizing elements most re-

water sources” has become a
slogan to those who would decelerate
cultural entrophication, Phosphorus is

m;:mﬂn plant growths. When present
in excess of a critical nosnni_.ﬂ._o_r
however, and - when other environ-
mental conditions are favorable, phos-
phorus can stimolate plant -growths
that produce scums and odors and de-
stroy water uses. Although present in
sewage, phosphorus concentrations in
* domestic and industrial wastes can he
reduced by treatment, for unlike ni-

phosphorus cannot be fixed from the
atmosphere by plants and added to the
aguatic ecosystent.

Mﬂunau..wnnnﬁos

. Butrophication is 2 term Emm:_nm
envichment of waters by uutrients
through either man-created or natural
Present lknowledge indicates

sponsible for lake eutrophication are
wrcmﬁ_cz—m and nitrogen,  Tron and
certain: “trace” elements are also im-
portant. - Sewage and sewage efflu-
ents contain a generous amount of
those - nntrients necessary * for algal
development. :

Lake nEEE:nu:o: results in an
increase in algal and weed nuisances

W3 EDUCE mrom_uro._..:w in ‘waste.

a nutrient that often is lmiting to .

trogen, another essential plant putrient,

Tech. Services, FWPCA, US Dept. of the Tuterior, Cincinnari, Qlio.

and an increase in midge larvae, whose
adult stage has plagued man in Clear
Lake, Calif., Lake Winnebago, Wis,,
and severa! lakes in Florida. Dense
algal growths form surface water scums
and algal-littered beaches. Water may
become foul-smelling. Filter-clogging
problems at municipal water installa-
tions can resnlt from abundant sus--
pended algae. When algal cells die,
oxygen is used in decomposition, and
fish kills have resulted. Rapid deeom-
position of dense algal scums, with as-
sociated organisms and debris, gives
rise to odors and hydrogen sulfide gas
that creates strong citizen disapproval ;
the gas often stains the white lead paint
on residences adjacent to the shore.

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

Nitrogen and c_doéro:_m are neces-
sary ncEvczn_:m of an environment in
which excessive aquatic growths arise.
Algal- growth . iz influenced by many
varied factors: vitamins, trace metals,
hormones, auxing, extracellular me-

" taholites, aufointoxicants, viruses, and
1047
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and grazing DY aquatic
Several vitaming in amall
quantities are requisite 10 growth - in
certain species of algae- In a fresh-
water environment, algal requirements
are met by vitamins supplied in sail
rinofi, lake and stream bed sediments,
golutes in the water, and Enﬁ,m.o__.ﬁm
produced by actinomycetes, fongt, bac-
teria, and several algae.
Eyidence indicates that:
phesphorus acdnnn.&mmoﬂm are associ-.

predation
animala.

1

(1) hight

. M. MACKENTAUN

producing such growths in one geo-
but not in another.?

graphical area,

Micronutrients (iron, :
copper, zine, molybdenum, J.EnmnEB.
colbalt, silicon) are

in freshwater en-
small concentrations -

poran, chblorine,
generally present
vironments in the

sufficient for plant growih.

are synthesized by

Phosphorus, however, is
found in large quantities
and some industrial

TABLE 1
Ponnds of Phosphoras to Agquatic Feosystem

Jour. AWWA

manganese,

L ity S

Vitamins
geveral organisms.
‘an, element -

wastewaters, and

Controllahle
II..‘..IIII!II-.'..\I‘I-I.I'I'.]:
Maijor Minor -
e
Sewape: 3/capita/yc¥ ‘Domestic ducle:
¥ - 0.9/year'

Some Industries, a.¢., | Sawdust: 0.9 ftoa®
potato processing :
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mmﬁdwﬂuﬁ._m FesR e ), 1.9 (4), and 3.8 (5).

Major .
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Surface irrigation re-
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‘Tenthic sediment re-
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nilienced hy pollution present in atmosphers uggnshed out™ by rainfall.

oy .
ated with accelerated
ing 'factors are present;

plant problems

ing streams; (3)

critical

eutrophication
of ‘waters, when other growth- promot-
(2) aquatic
develop in reservoirs
or other standing waters at phosphorus
valies lower than those critical in flow-
reseryoirs and other
standing waters collect phosphates from
influent streams and storc a portion of
these within consolidated sediments;
and (4) phosphorus cancentrations
oxious plant growths vary

with. other water

when it is introduced into the aquati
in amopunts greater than
in “unpofluted environ @m

ecosystem
those found .

ments, plant problems develop.
contemporary technigues, _uro%rogm,,
can be more feasibly .
waters than can other constituents es*
sentia] to the development of
Tt is logical, then, that dili=}

plants.

Uncentioilable

turns, Yakima River.|’
Basin: 0.9-3.9/acref |

VN red leaves: 1.8-3.3/

Winor
Rainwatar®®
Groundwater, Wis.:

1/9% 100 pal
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ribution of pliosphorus _.= ponnda from

gent effort be made to minimize phos-d
phorus inflows into waterways if thegd
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fecal pellets "
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are to be preserved in a usable state,
both for recreative and other essential
PUrposes, k

Boureed.

Depending on their contributions to
the aquatic ecosystem (not to sustain
life, but to enconrage its production
to nuisance proportions), sources of
phosphorus may be classed as major
and minor. Phosphorus. amounts in
these spurces are controlfahle or incon-
trollable, within the limits of economics
and present technology (Table 1).

THE PHOSPHORUS FPROBLEM

1049

pounds, Dissolved organic phosphorus
compounds were absorbed hy bacteria
and brolen dawn, and inorganic phos-
phorus was released. :
Animal excretions are a major
gource of plant nutrients in the sea
and also contribute nutrients in fresh
water, According to Johaones,* the
rate of ewcretion of dissolved phos-
phorus per unit weight increases as
body weight decreases. As a result,
microzooplankton may play a major
role in planiktonic nutrient regenera-
tion. Although data are not available

, TABLE 2
Standing Crop Per Susface Acre in Lakes
. e
Phytoplankton >w.m_umunﬁnu Wﬁqw.%...mmwn Fim Er.._mom
Wet weight—Ib | 1,000-3,600 (16} | 2,000 (17) | 14.000{18) | 150- 200-
. . , 600 (19) | 400(20)
Dy weight— 100-360 200 1,800 —_ 40-30 -
Percentage N 6.8 (21) 2.8 (16) L8 (22) 2.5{23) 7.4 (16)
{dry wgt)
Percentage P 0.69 0.14 0.1 0.2 0.9
(dry wgt) .
N in crop—ib 7-25 f 32 3.8-15 36
P in crop—Iib 0727 . 0.3 3.2 0.3-1.2 0.4-0.7
Harvestable N—b _ — 16 1.0-3.8 0.2-0.4
Hacvesiable P~—ib — — 1.6 0,1-0.3 {1.02.0.04

In the ecosystem, phosphorus is
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-
leased into solution from dead or dying
organisms. Rapidly growing popula-
tions of bacteria and preen plants did
nnt release organic phosphorus com-

on quantitative nutrient excretions from
these orpanisms in the freshwater eco-
system, the importance of this as a
continuing nutrient source must be
considered. ’

Cultures of hacteria and mixed mi-
croorganisms have been found to ac-
tively release a large portion of their
phosphorns to the medium in a matter
of hours, when kept nnder anoxic con-
ditions.- Only phosphorus is lost, prob-
ably as orthophosphate and apparently
from. the acid-soluble fraction of the

cells, The process is-completely re-
versible under zevation.
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| Nuleanee Egﬁ Growils

Important factors affecting aquatic
growths include temperature, mcs.:.wrn
and its penctration in water, size,
shape, type of substratum, and contour
of lalce basin, and water quality. ..H_..m
total supply of an available nutrient
depends on the total volume of water
and concentration of the element in the
water, The surface area is imporiant
because accumulations of algae along
the shoreline of a large lake, under &
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, for prevailing winds, -

blowing along a long axis, will push
the algal production of a large water
mass into a relatively small area. The
most offensive conditions develop dur-
ing periods when very mild breezes
send floating algae toward windward
shores. Shallow lakes, too, respond
differently -than deep, stratified lakes,
where the decper waters are seasonally
confined as geparate volumes by a
thermocline. In noustratified watera
all nutrients dissolved are potentially
available to support algal bloom. When
watérs stratify, only nutrients confined
to the epilimnion are available, except
during those periods when complete
circulation occurs.

Sawyer ® siudied the southeastern
Wisconsin Jakes -and concluded that
a concentration of 300 pg/l of inorganic
nitrogen (N) and 10 pg/l of soluble
phosphotus (P} at the start of a grow-
ing season may help produce nuisance
algal blooms. Cha® found that opti~
muom growth of organisma studied in
cultures can be obtained in phosphorus

¥, M. MACKENTHUN

_ veillance, indicate that tota! phosphorus:

Jour. AW WA

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

Experiraents hy Ketchum * with the
diatom, Phaeodactylum, show a reduc-

tion in rate of cell division, when phos- -

phate in the medium is Jess than 17
ug/t P. Strickland * states that the
limiting phosphorns concentration in
some culinres is less than 5 pg/l. The
problem is complicated, because auxili- |

ary compounds may affect the avail-f

ability of phosphate to a plani cell,
Sylvester 2 found that nuisance algal
blooms began in Seattle’s Green Lake
(a very soft-water lake) when nitrate

nitrogen (N) levels were above 200 -

pgfl and soluble phosphorus (P)

levels were greater than 10 pg/l
Becausa thé ratio of total phosphorus

to that form of phosphorns. readily

available for plant growth is constantly %
changing, it is desirable to establish i

limits on the total phosphorus, rather
than on that portion that may be avail-
able for immediate plani nse.
relatively uncontaminated lake 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 valoes

may cccur® Data collected by the
FWPCA, Division of Pollution Sue-

concentrations, principally in streams,

exceeded 50 pg/l (P) at 48 per cent :
of the stations sampled across the na- &

tion and averaped less than 50 pg/] at.
52 per cent. Some potable surface,

water supplies now exceed 200 pg/1:

Most

i

|

i
i
H

|

m

i
¥
w
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(P). Turbidity in many of the na-
tion's streams, however, negates the
algal-producing effect of high phos-
phorus concentrations. .

To prevent biological nuisances, to-
tal phosphorus concentrations should
not exceed 100 g/l at any point
within a flowing stream, nor should 50
pe/1 be exceeded where waters enter
a lake, reservoir, or other atanding wa-
ter hody. Waters now containing less
than the specified amounts 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
uptalce by organisms, with subsequent
deposition in sediments as fecal pellets
or dead organism hodies. Some re-
ceiving waters may experience algal
nnisances at and below the proposed
phosphorus level in influent streams.
Suggested phosphorus Jimits will re-
strict noxions aquatic plant growths
in flowing waters and shonld restrict
such growths in other waters that re-
ceive these flowing streams,

Conirol

Many measures have been proposed
to limit the eutrophication problem in
lakes, ponds,,and reservoirs. Some of
these are; dredging, algal harvesting,
tertiary treatment of wastewaters, fish
barvesting, diversion of wastes around
lakes, dilistion of standing waters with
waters of lower nutvient 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-
trisnts and to diversion or dilution,
where {easible.

THE PHOSPHORUS PRORLEM
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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 drajnage ba-
sin exceeds the quantity of those ele-
ments within the receiving waters,
eutrophication deceleration may be im-
possible without drastic Jand 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 Jake bed sedi-
ments, and the pounds of inflowing nu-
trients. In- fertile agricultural areas,
where rimoff may coniribute 250 Ib of
phasphorus per square mile of water-
shed per year, 1,800 acre-ft of storage
might he necessary for each square mile
of drainage area to prevent miisance
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. o

Once nutrients ave comhbined within
the ecosystem of the recelving waters,
their reinoval is tedions and expensive;
removal must be compared to inflow-
ing quantities to evaluate accomplish-
ment. In a lake, reservoir, or pond,
phosphorus is removed naturally only
by outflow, by insects that hatch and
fiy ont of the drainage basin, by har-
vesting a crop, such as fish, and by
combination with consolidated bottom
gsediments, DEven should adequate
harvesting meithods be available, the
expected standing crop of algae per
acre exceeds 2 tons and contains only
about 1.5 1b of phosphorus. © Similarly,
submerged aquatic plants could ap-
proach at least 7 tonsfacre (wet
weight) and contain 3.2 Ih/acre of
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phosphorus (Table 2). Probably only
half of the standing crop of submierged
aquatic plants can be considered har-
vesteble. The harvestable fish popula-
tion (500 1b) from 3 acres of water
would contain only 1 1b of phosphorus.

Dredging has often heen suggested
as a means of removing the storehouse
of nutrients contained within the. lake
bed - sediments. " These sedimentis arg
usnally rich “'in nitrogen -and @romw
phorus, for they represent the accumu-
lation of years of settled organic ma-

terials.. ‘Some of these nutrients are
* recirculated within the water mass and
furnish food for a new n:..% of E.mms_n
growth, SR
. Hagler # moe_:__ ﬁﬁn inan :na_m-
trhed mud-watet - .,mu‘mﬁ_d the' Eu:
centage of nutvients, as. well as the
amount of- phosphoras that-is released
to -the ‘superimposed ‘waler, is very
small. In Jlaboratory experiments,
when P 2 is placed at various depths
in- the -mud, the *diffusion - into’ the
overlying noncirculating ‘water 18 neg-
ligible, +if the E_cum.ron:m is.placed
more thanil.cm n the mud. . Appli-
cation of. lime fo the water or mud Te-
duces the amoumt’ of  soluble +phos-
phoius released.:: Acidification of pre-
viously - alkalized mud . will, upon
igitation, increase the amount of phos-
phorus entering solution, . In an -aqua-
rium  experiment, - clreulation of the
water:. above. m._wcm._urd_.:u-_.mor -mud,
with the aid of air. bubbles, increased
zpa E_me?un:m in solution, "I ek

. Zichier 2f al® found in lahoratory ex-
‘periments that the- -percentage of phos-
ﬁrcw—_m released to water from radio-
active superphosphate fertilizer placed
in an undisturbed ‘mud-water system
was very small, with virtvally no re-
lease of - phosphorus from fertilizer
‘placed at depths.greater than 3 in. be-
low the mud surface, Radiophos-

K. M. MACKENTHUN

. triénts ‘are spent. -

Jour, AW A

phorus placed } in. below the mud sor-
face showed only a very slight tendency
ta diffuse into the water, while the
radiophosphorus placed at a 1-in. depth
did not diffuse into the water at all.
Dredging deepens un area within a
lake and can be beneficial if ‘the in-
creased depth is sufficient to prevent
growth of larger nuisance - plants.
Dredging - uncovers uﬁn -another soil
strafa that will contain _u#cm_uro_.z.. ini :
some. a:._a”&_: ~stihject to “solutionsin
water. | The ‘newly &.,»mﬂm; E._mm..Bl
mediately “héging " 10 receive orgatiic
fallout from waters above, forming & 3
new interface at ‘which nutrient ex-
change -is substantial. Sediments dis-.
turbed 'during. a dredging %nqﬁ.oa_
libérate nutrients atia rate more qm?.? ‘.
than sediments left - undisturbed “and
all of these factors must he noamiﬁ.&
when recommending dredging for nu:
trient removal.: Based entirely on nu-
trient- considerations, dredging cad” ra
advantageous : only- when " it ﬂmao,snm
sediments !that contain a- w_m_ﬁw con
centiation” of ntrients than the ‘intér:
face lilcely to. he formed-' by fallout:-
The chemical precipitation of _U_Eﬁ :
phates as a treatment ..Egmn:ﬁ:nw_ o
conventlongl- “secondiry - processes’ is I
now feasible; both technologically and
financially. - "Without - ‘guestion; other
technological advances in nitrogen -and
phogphorus removal from wastewaters
will ‘be -forthcoming, .- Wastes: usually
are -discharged “initially:: inio flowing
waters: - These waters often enter Takes,
and reservoirs before their added nn-
To6 maintain receiv-
ing waters in’ a} condition  satisfactory
for multiple use, maximum phosphate .
removal must be practiced at the waste -
source.” If emtrophication 'is to be de-
celerated, reméoval of nutrients must he
accomplished hefore. wastes are per-

L e e B g e
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mitted to enter receiving waters,

AR
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Wastewater ﬁ__o%rcw:m inflows to
receiving waters must be reduced to
check accelerating cultural evtrophi-
cation.. A’ considered judgment sug-
gesta that to prevent biological nui-
sances, total phosphorus should not
exceed 100 pg/! P at-any point within
the lowing stream, nor should 50 ag/1

be ﬁnnnnmnm where waters enter a lale,

reservoir, Jor other - mﬁ_n&_mu “Water
_uanq Those, waters now containing
less @ro%roﬁ.:m m?u:E .ot be de-~
m,..mmnm S

Adequiate. _urcwerc_.zm noﬁ.d_m must
now be .._:.nn»& toward ireatment of
nutricnt point, moz_.nnm and ‘to waste-
water diversion. around. -the lake or
dilution within the lake, where feasible.
Once nufrients are combined within the
ecosystem  of the receiving .waters,
their removal i3 tedious and expensive.
Results of harvesting an aquatic crap,
dredging, or: other means-to: remaove
::Em:ﬁ_ mmaw 58, r.:..n Eﬂnrnn_ Te-
celving | wak :
anﬁ_um ::ﬁﬁn:ﬁ a:m.._:znm .3 evalu-
mﬂn wnnoam_:mranﬁm ¢
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“A

New Developments in Auvtomatic Cathodic
Protection for Water Storage Tanks

Von Dyke J. Pollitf

A papev presented on Jus, 4, 1968, at the Avnuol Conference, Cleve-
lend, by Von Dyke J, Pollits, Mgr., Systems Service Div., Electro

Rust-Proofing, a division of Wallace & Tiernex Inc.,

HZ carlier years, caithodic protection
systems for water storagre tanks and
other water utility structures were hit-
or-miss propositions. Although it was
lmown 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 on protective coatings, and
system adjustment was rarely hased
upon actual field conditions and re-
quirements.

Cathodic protection  requirements
change from time .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
cathedic protection need will exist.

There are literally scores of vari-
ables that have a direct effect on the
rate of corrosion activity within a
structure,” and these variables cannot
be assumed to remain stable and re-
producible. They include:

1. Water resislivity charnges, These
can be caused by changes in water

‘spurce or treatment, changes in chem-

ical content, changes in temperature,
andl o Om.

Belleville, N.J.

2. Woter corrosivily chonges. Varl
ations in DO, chioride ion content, and
s0 on, affect a given water’s propensity
to support galvdnic corrosion.

3. Accusulated wnpere hour offect,
Less cathodic protection current is re-
quired to maintain a protection effect
than ia reguired to achieve it. This
varialile is also related to the quality
of applied paint coatings.

4. Loss of coating effectivensss.
Paint coatings are applied to suh-
merged steel surface areas for the sole
pirpose of isolating the steel from the
corroding medium, All coatings are
subject to deterioration in service due
ta water absorption, abrasion, bond
failure, delamination, ice damage, and
30 Or, ’ . .

5. Anode consumption in service,
Anode material is consumed as direct

current flows from it. As the anodes
are consumed, the circult resistance
of the cathodic protection system is in-
creased. This necessitates changes in
applied voltage to maintain a protec-
tion effect.

6. Water level fluctuation. Natu--
rally, the current required 'to protect
a piven tank or other structure varies
as more or less steel is exposed to the
water elecirolyte,

It is not enough te recognize that
these changes occirr without the cor-
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