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Phosphorus facts
History
Brand (Germany 1669) discovered phosphorus in 1669 by extraction from urine.
Sources
Phosphorus is the 12th most abundant element in the earth's crust; because of
the great reactivity of the element, it is always found in combined form, usually as
phosphates (salts of H3PO4). Large deposits are found in Russia, in Morocco,
and in Florida, Tennessee, Utah, Idaho, and elsewhere.
Uses
Phosphoric acids have become of great importance to agriculture and farm
production. World-wide demand for fertilizers has caused record phosphate
production.
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Biological NB of P

« Phosphorus essential ingredient of all cell protoplasm (RNA,DNA), nervous
tissue, and bones

« A 91 kilogram (200 Ib) person contains 1 kg of P. The ratios (SF) of the 8 main
(of 22) elements in the body (H:0:C: N:Ca:P:S:Na) are:
375:132:85:6:2:1:02:0.1
Note departure from ratio (106:16:1) proposed by Redfield (1934, 1942, 1958).
for oceanic ecosystems. Current ocean data sets indicate moderate deviations
from this formula. Freshwater systems show very large differences from the RR.
(Sterner and Elster — Ecological Stoichiometry: The biology of Elements from
Molecules to the Biosphere).

« Largemouth bass contain 3.8grams P/100 grams dry weight (3.8% P)
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Phosphorus content of Lake Winnipeg commercial
fish species

5 year mean (1994 — 1999) combined catch for whitefish,
walleye and sauger in Lake Winnipeg = 3.73 M kg rd. wt.

Estimated P dry wt. content of fish ~ 3.8% (Carlander 1977)
Estimated total P in fish catch = 142 tonnes Plyr.

Mean annual (1994 — 2001) Lake Winnipeg P load = 5597 T
Commercial fish catches remove 2.5 % of P from lake.

The Phosphorus Cycle chambers et al. 2001

« P (unlike N) does not exist naturally in the elemental state

* Rock (apatite) and soil is the largest P reservoir

« All atmospheric sources of P derived from erosion, fertilizer drift, industrial emissions
« P exists in only one environmentally active form, PO43- the orthophosphate ion.

In the terrestrial compartment:

« P uptake as PO,* into plants

« Plants grazed and animals excrete
excess P as phosphorus salts in
urine and faeces

« P converted from organic form to
phosphate ion by bacteria, fungi

« PO,% binds with many +ve ions
(Fe, Al, Ca) forming insoluble
compounds that are immobilized in
terrestrial and aquatic ecosystems 12
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« P added to agricultural soils in excess of natural weathering processes

« Municipal, industrial sources add P to water (wastewater), air (emissions), soil
(landfills, sludge application)

« Land runoff in urban areas, forests, crop fields, provides P to vegetation




Aquatic phosphorus analytical forms:
«Total phosphorus (TP) is a measure of all forms of
P in a sample of water including 1. dissolved
E [2 types- Total Dissolved P (TDP), and Soluble
Reactive P, (SRP)] and 2. particulate forms
(seston, including plankton and suspended
1ts)
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Hakanson et al. 2003

« “...most (if not all) previous mass-balance models for phosphorus
miscalculate the abiotic fluxes of phosphorus, and to compensate for
such mistakes, it has been necessary to make even more mistakes
to handle the retention of phosphorus in the given lake so that there
is good correspondence between empirical data and modeled
values”

« “Total phosphorus is the nutrient most likely to limit lake primary
productivity (Schindler,1977, 1978; Bierman, 1980; Chapra, 1980;
Boynton, Kemp & Keefe, 1982; Wetzel, 1983; Persson & Jansson,
1988; Boers, Cappenberg & van Raaphorst,1993)".

« “In contrast to phosphorus, nitrogen is generally recognised as the
most likely limiting nutrient in marine areas. However, both elements
are important in humic lakes, estuaries and brackish waters
(Redfield, 1958; Ambio, 1990; Nixon, 1990).”

Nutrient model of lentic ecosystems proposed by Hakanson and other researchers.
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Some scrutiny of the reasoning given to control both N & P

* US EPA approach. It was suggested that:
“recent studies show that nitrogen is limiting as often as phosphorus
(Elser et al. 1990)".
The concluding statement in this paper remarks “Finally, to the degree that
some lakes can respond to N-reduction by increasing N, fixation (as in Lake
Winnipeg), P-reduction will generally be a more reliable means to achieve
lower algal standing stocks in the long term”.
« European experience. It was suggested that:
“Commission of the European Communities requires control of both
nitrogen and phosphorus from communities larger than 10,000 people.... (Directive
91/271/EEC)"

The Directive actually states:
“Table 2 of Annex | to Directive 91/271/EEC is replaced by the following text:
Table 2: Requirements for discharges from urban waste water treatment plants
to sensitive areas which are subject to eutrophication as identified in Annex IL.A(a).
One or both parameters may be applied depending on the local situation. The
values for concentration or for the percentage of reduction shall apply.”




Reasons for N and P removal (continued)

*New science in Prairie Regions
“Assiniboine River study identified nitrogen being as important as
phosphorus in limiting algal growth”.

Granted that shallow prairie stream ecosystems may be regulated by N and P,
nevertheless their structure and functioning cannot be compared to the much
deeper and larger Lake Winnipeg ecosystem. Significant physical differences
between lentic and lotic ecosystems result in dissimilar energy and nutrient
pathways. Differences between stream/river/pond and large lake biological
communities also lead to substantial variations in productivity and nutrient
cycling.

Phosphorous concentrations in inflowing water plotted as a function of water
renewal time. Laurentian lakes data from the 1JC, Vollenweider 1976. Lake
Winnipeg data from Brunskill et al.1980, Patalas and Salki 1992, and Stewart
et al. 2000.
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Recent findings relevant to nutrient control
strategies for Lake Winnipeg

Phytoplankton development in North & South Lakes, Greater Winnipeg area,
during summer 2003 (Kling 2003)

Blue-greens

P+N+C

Lake 226 Nutrient Addition Experiment
provided convincing evidence to regulators
that phosphorus alone stimulated blue-green
algal development in Boreal Shield lakes

Do we have a comparable example from aquatic
ecosystems in sedimentary prairie areas?

« Initial algal biomass - each lake < 1000ug/L.
(<1000 pg/L indicative of low nutrient conditions,
>10000 pg/L considered high nutrients, eutrophic)

« Initial composition dominated by small green,
brown and yellow algae indicative of clean low
nutrient water

« Early August - North Lake showed small
increase N, fixing bluegreens indicating N
deficiency in this pond.

« September North Lake high biomass of N,
fixers indicates source of high P without
corresponding source of N

+ South Lake August to September
Decreased biomass and balanced species
composition indicates good water quality with low
nutrients In this lake.

+  Explanation for large increase in the North Lake?

North Lake
Phytaplankian Composiion
Gity Water Addition

| am | aEm | ans0s | s

South Lake

Phytoplankion Composition

| ama | wme | 4we0d | s
‘Station and date

EErooonyes LEnysopnyies WEpopnyes.

C3sociiarophytes M yanophytes.




North Lake - total

additions of city water
to raise water level. 1
South Lake - TDP only
slight rise when water n
from North Lake used
to equalize levels
Total Dissolved
Nitrogen remained c) TOPSouth Lake. D)
relatively constant in
both lakes throughout o o0y w
study. Mean TDN \_‘_/_‘ é“n"
slightly higher in South | g * 5
(730 pg/L) than North o
(600 pg/L). B
Note: City water has 500
Hg/L of phosphorus
added to reduce lead
dissolution

Chemistry
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dissolved phosphorus A) TOP North Lake B) TON North Lake
(TDP) spiked in mid
summer following =1 e

TON South Lake

Phosphorus and Nitrogen Chemistry North Lake

TDN_TDP North Lake

City water addition
« Total dissolved N : total dissolved P of

5:1 is level below which nitrogen fixing I 15007
bluegreen algae have an advantage
over other algae. 500
+ during mid July the TDN:TDP (arrows)
dropped from 20:1 down to below 5:1
in the North Lake B
« The TDN:TDP ratio in South Lake was

Dropin N:Pratj
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constant with a only a slight drop to

near 15:1 in September. TON_TDP SOuth Lake

Note: Blue-greens did not appear in South
Lake

Ponds 3years since construction

No wet land vegetation-some submerged plants and
floating filamentous

High Canada Geese abundance adding organic P
High TDP ( 30x North & South Lake levels)

High b dominated by blue

Year long domination of nitrogen fixing blue greens
N:P never rose above 3.9 ( ratios near 5 promote
nitrogen fixers)
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Retention Pond Smart Park, U of Manitoba, no emergents. (Kling 2003)
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Manitoba Clean Environment Commission Report on Public Hearings
August 2003

Among the CEC recommendations:
Nutrient Management Strategy
1. The priority for nutrient removal is phosphorus followed by nitrogen

2. Province to complete and implement nutrient management strategy
and provide suitable guidance for phosphorus and nitrogen removal

Environmental Research and Monitoring

1. Aco-operative (federal, provincial, municipal), cost-shared
research and monitoring program is requiredto define
baseline conditions, address information deficiencies and
provide answers to questions about the impact of municipal
wastewaters and other sources of pollution on the environment
and human health.

The proposed winter sampling of Lake Winnipeg can fulfill this | atter recommendatiol




