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" Abstract

A new slow- release femllzer has been developed to restore product1v1ty in nutrient
deflclent streams. The product (7-40-0; N-P,04-K,0) was, studled to determine phys1ca1 and-
chemical conditions which mi ght 1nh1b1t phosphate release. In laboratory analyses, hardness
(> 40 mg Ca**L") and humic material (> 100 colour units) complexed phosphate and
inhibited its dissolution from the pellets; pH, alkalinity and iron had less effects on
: phosphate solubility. A series of indoor trough ehperiments indicated fertilizer dissolution
was independent of velocity (0.15-0.30 m/s), pellet size (2-9 g) and water temperature (8-
14.5 °C). Fertilizer treatments (0.5-5 g P-L™") in outdoor trough expenments 1ncreased
periphyton abundance and altered the dominant diatom species. A saturation level for
penphyton growth and biomass was achieved at ~ 1.0 pg-L" orthophosphate from May-
June; in June-July growth and biomass increased proportionally to fertilizer additions.
Relationships developed during these controlled experiments demonstrate streams having
<40m g L* calcium, < 100 colour units and ranges within other variables tested are optimal

for slow-release fertilizer additions.
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1. Introductidn

Adult salmonids (salmon, trout, char and grayling) continue to form a staple for native
British Columbians, as well as providé economic benef) its through the commercial and sport
fisheries. Historical salmonid production in B.C. has been hi gh despite the oligotrophic nature of

many streams; however, over time human intervention has upset nature’s delicate equilibrium.

Over the past hundréd years, numérous Wild salmonid stocks in B.C. and the Y ukon have
deteriorated to extinction, with approximately one thousand at a moderate to hi gh risk status
(Slaney et al., 1996). Causes of these impacts include overharvesting by recreational and
commercial fisheries, and industrial activity in watersheds which includes logging, road
construction and hydroelectric development. For example, destruction of habitat reduces
productivity and survival of juvenile salmonids, and reservoirs created by the impoundmént of
rivers can act as upstream sediment traps for nutrients, causing an oligotrophication of
downstream fish habitaf (Stockner and Maclsaac, 1996). The limiting nutrient in freshwater

habitats is phosphorus but nitrogen and metals such as iron and manganese can become limiting

if phosphorus levels are solely increased (Vymazal, 1995).

Productivity of mi gratory salmon stocks can be further affected through a reduction in

spawning adults which ‘naturally’ fertilize the streams for their progeny. Adults transport

" nutrients from the marine to freshwater habitats in the form of excretion, gametes, and carcass

decomposition (Richey et al., 1975; Mathisen et al., 1988; Min_shall etal., 1991; Schuldt and
Hershey, 1995). These marine nutrients are significant and are important to the productivity of
the oligotrophic streams in which the salmon spawn. For example, an adult salmon weighing 2.5

kg releases about 12 g P, 70 g N, 9 g K and 21 g Ca upon decomposition (Shearer et al., 1994).

Limited nutrients in streams causes a reduction in primary production which in turn
reduces the food supply and causes a decrease in growth and health of the hatchlings. Survival of
salmonids in coastal streams is size-related (Hume and Parkinson, 1988). Thus increased

salmonid fry sizes resulting from fertilization treatment could affect smolt output from the river,




since overwinter survival increases with salmonid fry size (Hager and Noble, 1976‘; Hume and
Parkinson, 1988; Ward and Slaney, 1988). One reason for increased survival is that swimming
speed, which affects the ability to obtain food and escape predators, increases sharply with
increased size of fish (Scott, 1‘985‘; Simonson-and ’Swenson,‘ 1990). Also, a larger body size helps
males to def end their territorieS and is advantageous in feeding hierarchies; in females, fecundity ,

increases with body size and leads to higher egg production (Deegan and Peterson, 1992).

Although whole—lake femhzatlon experiment work in Alaska in the 1950’s, and research
on limiting nutrients since the early 1970’s as part of B.C.’s Salmomd Enhancement Program
has beéen conducted, a significant surge of 1nterest in usmg nutrlent ennchment techniques to
enhance or restore the productivity of freshwater fish habitat has occurred since the dev_elopment

of the Watershed Restoration Program in the early 1980’s (Ashley and Slaney, 1997).

| The main goal of fertilization is to speed up the recovery of habitat and fish stocks
through introduction of the limiting nutrients. Application of fertilizer to oli“gotroph'jc streams
increases al gal growth, stimulates insect growth and prov1des more food for hatchlmg salmonids
which subsequently enhances salmonid growth and survival (Fi gure 1.1). Other benefits of
fertilization include salmon carcasses which serve as a food source for non-target animals such as

eagles and scavengers (Cederholm et al., 1989). Effects of fertilizer additions are reversible;

- however, for damaged streams undergoing long-term fertilization treatment and habitat

rehabrhtatlon itis expected that i 1norgamc fertilizer additions would be replaced by natural

f ertlhzatlon from riparian vegetation and anadromous salmonids once the system equilibrates to

historic nutrient levels.
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Anoverview of the long-term grayling response to stream fertilization, provided
grayling production was limited solely by food availability during the summer;
YOY = young-of-the-year (adapted from Deegan and Peterson, 1992).

Figure 1.1

Oligotrophic total phosphorus and nitrogen levels fange from<1-5pug/L énd <1-250
ug/Lrespectively (Wetzel, 1975). The requirement of a productive freshwater stream habitat for
nitrogen and phosphorus is currently under debate, but ranges from approximately 0.1 - 10 pg/L
phbsphorus and 250 - 400 pug/L nitrogen, with > 10 pug/L. phosphorus resulting in excessive
pén'phytén biomass (Bothwell, 1989). Limits fqr algal ‘biomass set by the Ministry of

Environment are 50 mg/m2 as chlorophyll a for recreation and aesthetic considerations, and 100

mg/m? for aquatic life in streams (Nordin, 1985).




In the past few years (1994 to present) the B.C. Env1ronment has been testlng a solid
~slow release pellet f ertilizer developed byI M.C. Vi goro Inc., Winter Haven, Flonda Initial
j laboratory testing of the pellets was done by Anne Pons field testing was conducted by Sarah

o Mouldey and further laboratory testing and controlled f 1e1d studies are presented in this thesis.

In order to safely but ef! fectively fertilize a stream an understanding of how the nutrients.
| cycle in the water column 18 critical Nitrogen present as oxides or ammomum ions tend to
" ‘remain in'solution and biologically available however phosphorus forms many complexes :
making it unavailable to aquatic biota-. Knowledgeof release rates of_.,the fertihzer pellets under
' various physical water conditions is important to achieve desired nutrient levels.r

The purpose of this research-was to provide a rneans. for estimating the amount of slow |
‘release pellet fertllizer needed to achieve adesired nutrient concentration in provincial o
Oll gotrophic streams exhibitin g various chemical and phys1cal characteristics Laboratory jar’ tests
 were used to examine the biological availabllity of phosphorus when exposed to dif ferent
chemical charactenstics of water. Indoor trough studies were used to determine the dissolution .
rates of the pellets.under different veloc1t1es and temperatures. Outdoor trough studies -
determined periphyton, or attached al gae;' growth rates exposed to various f ertilizer amounts and

nutrient effects on algal species abundance.

~ Aliterature review of previous fertilization experiments and phosphorus chemistry in
Chapter 2 leads to the development of the experimental design. The methodology in Chapter 3
spe01f1es the jar testing and trough study approaches Abbotsford well water characteristics, "
outdoor trough dimensions, analytical techniques used for water quality determination, and-
statistical analysismethods. | | |
‘Results and discussion (Chapter 4) are presented in one chapter because of the many
sub'sections involved Finally, the conclusions"and recommendations for future research are

proposed in Chapter S The appendices contain raw data tables and are referred to throughout the :

: thesrs




2. Literature Review

2.1 Introduction

" Fertilization effects on stream produétivity and algal community will be discussed,
followed by thfe.history of fertilizers aﬁd amounts used. Characteristics of the new slow-release
ferti.lizer will bé presented. Finally, the freshwater cycling of nitrogen and phosphorus in
freshwater systems, along with three typés of ph(jsphorus removal in p_rovjncial streams will be

 reviewed.

2.2 Productivity Effects from Stream and River Fertilization

Inorganic fertilization has been shown to increase productivity throughout the food chain
} é_ulminaﬁng kin inéreased salmonid growth and production. For example, whole-river fertilization A
of the Keogh River, B.C. during 1983-86 to increase summer éverage nutrient concentrations,
fron:n <1 pugP/L and 25 yg‘N/L to 10-15 pg P/L and 30-100 g N/L, resulted in five- to ten-fold
increases in periphyton standing crops on artificial substrata and 1.4- to 2.0-fold incrc;éises in

late-September salmonid f) ry weights (Johnston etal., 1990).

A number of studies hav'é_, shown that the addition of nitrogeﬁ and phosphorus to nutrient
deficient stfeams results in increaséd autotrophic production with diatoms, a suitable food for
stream invertebrates, predominating (Stockner and Shortreed, 1978; Peterson et al., 1985; Perrin
etal., 1987, thnsfon etal., 1990). Fertilization of the Kuparuk River initially resulted in a five- to
ten-fold increase in périphyton acé_;ual as chlorophyll g, similar to the Keogh River (Peterson et
al., 1985_).,At the upper Nechako River, whole-river fertilization was effective at very low level‘s

(3-5 ug/L P and 4-10 ug/L.N); eririchment for two months with N and P resulted in 10-fold

increases in peak chlorophyll a (Slaney et al., 1994).




A study of a small woodland stream in Tennessee (Elwood et al., 1981) demonstrated that
" both leaf decomposition an‘d‘ primary production were stimulated by phosphorus additions,

| suggesting a competition for phosphorus between heterotrophs (bacteria) processing nutrient— ‘
poor detrital material and periphyton (Peterson et al 1983) Bacteria colomes on the Kuparuk
River, Alaska flourished on'the diatoms and responded to additions of phosphorus (Hershey et

al., 1988). -

Gregory (1983) and Murphy et al. (1986) found that the numbers of ‘aquatic herbivores /
benthic insects were regulated by the amount of ai gae available; thus stream insect abundance is
increased by inorganic fertilization. This theory was verified when Mundie et al. (1991) found
that benthic insect communities responded strongly to low level (2-4 ug/L) increases in
phosphorus and nitrate nitrogen. In addition, fertilization of a tundra stream (Kuparuk River) with
phosphorus showed an increase in the size and development of the dipterans Orthocladius and
Prosimulium (Hershey etal., 1988) along with elevated densities for the caddisfly Brachycentrus
(Hershey and Hiltner, 1988). Mundie etal. (1991) also showed that an addition of 10 yg P/L.
increased chlorophyll a biomass by 3.5 times, with a subsequent doubling of insects’ survival to'

emergence due to an increase in food abundance.

Reed (1964) determined that aquatic and terrestrial insects comprise most of the Arctic |
grayling (Thymallus arcticus) diet in streams; later, Johnston et al. (1990) verified that the diet of
juvenile salmonids was primarily benthic insects. Several studies have determined that fish
- density and growth correlate with nutrient status and food supply in a stream (McFadden and
Cooper, 1962; Slaney and Northcote, 1974; Mason, 1976; Wilzbach, 1985; Wilz_bach etal., 1986;
Bovvlby and Roff , 1986; Deegan and Peterson, 1992). For example, Johnston et al. (1990) '
increased the growth of steethead (Oncorhynchus mykiss), coho (O. kisutch), and Dolly Varden
'(Salvelinus malr.na)’ fry in the Keogh River with nutrient enrichment, and Murphy et al. (1981)
found that growth rates of salmonid fry van'ed directly with insect drift in several Oregon |

streams. Slaney and Ward (1993) discovered that, as in the Keogh and the Kuparuk Rivers the

response in fish at the Salmon River was associated w1th both increased penphyton accrual and




benthic insects. Also, fertilization of the Kuparuk River, Alaska, during 1985-90 resulted ina 1.4-
to 1.9-fold increase in the size of age 0+ fish and a 1.5 to 2.4-fold increase in the weight gain of
adult grayling in some years (Deegan and Peterson, 1992). Thus addition of f ertilizer to enhance

autochthonous primary production can increase salmonid growth in nutrient poor streams.

However, salmonid growth is highly influenced by food availability and fish density
(Wilibach, 1985). The‘ultiméte size of the salmonid populaﬁbn would likely be'li'mite’d_ atan
equilibrium level established througﬁ ‘top-down control’ as described by Peterson et al. (1993),
Figure 2. 1‘. For example, éf ter thfee yeérs atboth the Kuparﬁk River, Alaska and Salmon River,
B.C., fhe effect of nutrient input voflri"‘the pé;k chlorophyll response drbpp'ed. The lower response
was probably related to increased grazing by benthic insects: as the aquatic insects responded to
increased algal biomass, the algae was grazed down to slightly'elevated control levels. Miller et al.
(1992) also suggested that the increase of algal biomass from fertilization could reduce the

corvlcentrativon‘ of SRP to low levels.

TOP-DOWN TOP-DOWN TOP-DOWN
CONTROL - CONTROL . CONTROL

KN KT N N

PHOSPHATE _p,. INCREASED —p INCREASED _g, -~ INCREASED _j, POTENTIAL

ADDITION ALGAL INSECT GRAYLING INCREASE IN
S PRODUCTION GROWTH GROWTH AND - GRAYLING
+ FECUNDITY POPULAION
INCREASED
BACTERIAL
PRODUCTION

Figure 2.1 A summary of the responses of riverine biota to phosphorus enrichment (adapted
from Peterson et al., 1993).




Thus fertilization replenishes stream productivity through increased algal biomass and
invertebrates, causing an increase in smolt size and subsequent survival, and greater numbers of

adults returning to spawn.

2.3 Optimal Nutrient Level Additiohs '

| Phosphorus con_oentrations of 10-30 pg/L used to experir'nentaliy enhance algal
production in experimentél troughs at ‘Qamation Creok,‘ B.C. ‘(St_ookner and Shortreed, 1978), -
whole-river sites at I\(ﬁparukvRive‘r, Alaska (Peterson et al., 1983, 1985),: and Keogh River, B.C.
(Perrinetal., 1987) were Well above inf_erred' growthrate satu;ation concentrations (Bothwell, |
1988). Nitrogen' levels. addod to the 'Keo.gh and Salmon Rivers from 1981 to 1991 ranged from O
t0 400 pg N/L (Slaney and Wérd, 1993); levels above IQO He N/L are doténnined to be high.

To determine _relative's'pecific growth rates, Bothwell (1988) studied the diatom

communities as a function of soluble reactive phosphate (':oncen_tration in the South Thompson
~ River. The growth rates wero nearly constant th‘roughout the year with saturation occurring atan -
ambient phosphate level of around 0.3 .to 0.6 ug P/L. He found areal periphyton biomass could
‘be further stimulated by h1 gher phosohorus concentrations, but excessive periphyton biomass
occurred when phosphate levels were > 10 ug/L. Levels of phosphorus enrichment needed in
rivers to produce dense algal accumulations vary in tne literature. This discfepancy was due partly
to the difference between concentrations required. to saturate cellular growth rates, and the levels
needed to maximize growth of an ontire benthic mat. Therefore, Bothwell determined that the
concentrations of diss_olved orthophosphate required to saturate specific cellular growth rates of

periphytic riverine diatoins_ were well under1 yg P/L, recognizing that overestimation of true

oﬁhophosphate levels occurs using standard SRP measurements (Bothwell, 1988).




2.4 Algal Community

Ac:cording to Wetzel (‘1'9’75), the outstanding feature of phytoplankton communities is
that a number of spécies populations can co-occur within a habitat, with each species having a
niche based on ph_ysiolpgical requirements. A species may be able to survive indefinitely
provided fhat a suitable combination occurs with Sufficient frequency and‘ duration. Eve_n though
competitive interactions are iﬁ effect, coexistence can occur because the interactions are so

complex and variable (Wetzel, 19’75). o

Physical, chemical and biological factors such as light, turbidity, temperature, current
velocity, nutrient concentration, nutrient ratios, immigration, grazing and catastrophic disturbance

can all cause a change in the-algal community (Miller et al., 1992).

Elevated light intensities, altered through colour, turbidity and depth of water, inhibit
chlorophyll a accumulations (Talling, 1971) but seasonal variation in light levels do not influence
algal gfowth or bioméss (Bothwell, 1988). Turbidity refracts light, and when the particulates are
transported at elevatéd velocities they scour periphyton standing crops.

Te}nperatitre (T) controls the rate of photosynthesis’in all plants. In general, growth rate
increases exponentially with temperature up to an optimum T, then declines rapidly as T exceeds |

this optimum. Different species have significantly different temperature optima, although cold-

.water forms gen'erallyrhave lower optima (Vymazal, 1995).

Current velocity can reduce colonization from shear stress (> 50 cm/s) and low growth
rates (< 10 cm/s), but can also increase algal metabolism and abundance at rates of 10-50 cm/s

(Horner and Welch, 1981; Whitford and Schumacher, 1964; Reisen and Spencer; 1970).

Nutrient enrichment generally leads to increased dominance, reduced species diversity,
loss of rare species and higher biomass (Miller et al., 1992). Characteristics of planktonic al.gal
associations occurring among lakes of increasing nutrient enrichment and cycling from

oligotrophy to eutrophy are in Table 2.1.



Table2.1  Characteristics of common major algal associations of the phytoplankton in relatlon
‘ to increasing lake fertility (Wetzel, 1975).
General Lake Water Characteristics Dominant Algae Other Commonly
Trophy : Occurring Algae
Oligotrophic Slightly acidic; very low Desmids Sphaerocystis,
salinity Staurodesmus, Gloeocystis,
Staurastrum Rhizosolenia,
_ . . o v : Tabellaria
Oligotrophic - | Neutral to slightly alkaline; | Diatoms, especially Some Asterionella
"| nutrient-poor lakes - -Cyclotella and Spp., some
Tabellaria Melosira spp.,
v ' Dinobryon
Oligotrophic Neutral to slightly alkaline; . | Chrysophyceanalgae, | Other
‘ nutrient-poor lakes or more | especially Dinobryon, - | chrysophyceans,
productive lakes at seasons | some Mallomonas e.g., Synura,
of nutrient reduction Uroglena;diatom
Tabellaria
Oligotrophic . | Neutral to slightly alkaline; | Chlorococcal Oocystis | Oligotrophic
_ nutrient-poor lakes or chrysophycean diatoms
: Botryoccocus
Oligotrophic = | Neutral to slightly alkaline; | Dinoflagellates, Small
generally nutrient-poor; especially some chrysophytes,
common in shallow Arctic | Peridinium and cryptophytes, and
- lakes Ceratium spp. diatoms -
Mesotrophic or | Neutral to slightly alkaline; | Dinoflagellates, some Glenodinium and
Eutrophic annual dominants or in Peridinium and many other algae
' eutrophic lakes at certain Ceratium spp.
- seasons
Eutrophic Usually alkaline lakes with | Diatoms much of the Many other algace,
! nutrient enrichment year, especially especially greens
Asterionella spp., and blue-greens
Fragilaria crotonensis, | during warmer
Synedra, : periods of the year;
Stephanodiscus, and desmids if
Melosira granulata dissolved organic
' ‘ matter is fairly high
Eutrophic Usually alkaline; nutrient Blue-green algae, Other blue-green
enriched; commonin especially Anacystis algae;
warmer periods of (=Microcystis), cuglenophytes if
temperate lakes or Aphanizomenon, organically
perennially in enriched Anabaena enriched or polluted
tropical lakes ’

High nutrient ratios (N:P > 30) indicate phosphorus deficiency but enhanced blue-green

algae growth in algal cultures (Vymazal, 1995). For example, Mundie et al. (1991) observed the

taxonomic change of an increase in blue-green algae (cyanophytes) proportions that occurred -

with fertilization of a mesocosm at Carnation Creek, B.C.
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Invertebrate grazers reduce biomass, increase algal productivity per unit biomass in the

survivors, and increase or decréase the number of species surviving depending on the type and

- severity of grazing, but they also act as a food source for other biota in the food chain (Hershey

etal., 1988; Miller etal., 1992).
- Hinally, calastrophic disturbances, including storm events and desiccation, and
immigration of algal species from sloughing may selectively or completely alter the algal species

composition.

2.5 History of Stream Fertilizers Used . -

Expenmental streams and troughs exposed to organic enrichment have demonstrated
consistent increases in the standrng stocks of stream Zoobenthos (W1ll1ams etal., 1977; Mundie

et al 1983), but until recently,’ there have been few studres of the effects of inorganic enrichment.

- It has been previously believed that the main source of nutrients to forested stream ecosystems is

from allochthonous inputs of organic material to the stream, such as leaf litter (Hynes,v 1969;
Boling et al., 1975); however, a source of inorganic nutrients within the stream’s food chain
(autochthonous energy) has also been found to be significant (Huntsman, 1948; Minshall, 1978;

Johnston etal., 1990).

Stream fertrllzatlon in British Columbia was pioneered in the Keogh River, northern ,
Vancouver Island in 1981 and has contlnued on the Salmon Rrver and Adam River on Vancouver
Island, the Big Silver Creek north of Harrison Lake, the Mesilinka River north of Prince George
and the Nechako River in the central interior of the f)rovince (Perrin et al., 1987; Johnston et al.,
1990, Slaney and Ward, 1993i ‘Mouldey and Ashley, 1996; Ashley and Slaney, l997> .. Primary
objectives of fertilization were to deterrnine the effect of nutn'ent additions on the grovvth and
abundance of anadromous salmonids in oli gotrophic streams, as well as to determine if controlled
seasonal fertilization is a cost-effective enhancement or habitat compensation option (Slaney and

Ward, 1993).
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Imtially, the response of the food chain levels to additions of crushed barley and
agrlcultural fertilizer pellets were examined i in the Keogh River (Pemn et al. 1987) Nutrient
" ieff ect of the barley was found to be less than w1th fertilizers a_nd 1t. was labour intensive (o
' introduce. In: 1983 a solid prill, slow-release fertilizer witha sOybean resin coating (Osmocote ™
_ Sierra Chemical Ltd Mllpltas Califomia) was used but it had afew shortcommgs (Johnston et
al., 1990) The pellets dissolved quickly and released the nutrlents 1mmed1ately af ter apphcation
E even with the thickest coating They also f ractured during aeria] apphcation and the cost was2 -4

: times h1 gher than conventional granular agncultural blends o

In 1990 anew liqu1d fertihzer f ormulation was tested (a mixture of ammomum
polyphosphate 10- 340 and ammonium nitrate, 34-0-0) with excellent results at the Upper
Salmon River on Vancouver Island and then at the Nechako River (Slaney and Ward, 1993;,

. Slaney etal., 1994). It was subsequently used in other rivers around the province. However, some
difficulties arose with using the liquid vfertili‘zer. To facilitaté monitoring, its use is limited to more
accessible strearns and nivers. Also, application is expensive due to high maintenance reduired to
- check for'plugged lines or to carry heavy equipment such as f e’rtilizer or batteries to the site |
: .,needed by the automated dosage stations.v | | | B
- Finally, in l995, a small amount of custom made slow-release pellet fertilizer (IMC. -
. Vi goro Inc., Florida; used for experiments discussed in this thesis) vVas placed ina tributary of
A the Big Silver Creek near Harnson Lake and was successful in enhancing the diatom and
E 1nvertebrate production ina matter of weeks (Mouldey and Ashley, 1996). Preliminary tests
’ usrng the slow release fertillzer brlquettes aimed for a dissolved 1norganic phosphorus '
concentratlon of 3 pgl/L. The slow-release pellet fertlllzer isalow- maintenance altematlve to the
‘ mechamcal dispensers using liquid f ertllizer for smaller streams since the fertilizer needs to be.

‘applied only once a year, significantly reducing labour and costs. However, liquids would still be

" more efficient for larger rivers because of the magnitude of fertilizer required.




2.6 Characteristics of the Slow-Release Fertilizer

Ideal slow-release fertilizer characteristics include biodegradable coatiﬁgs with no heavy
metal contaminants. The pellets need to be large enough to sink rapidly to bottom of stream
riffles (0.1 -2 m deep) in current velocities of 0.5 - 1 m/s, and have a release rate rahging from 3
- 5 months depehding on the stream (P.A. Slaﬁey, 1994, pers. comm.). It is the preferred method
for nutrient additions in most streams and smaller rivers having mean summer flows < 10 m’/s
due to its.annual apblicati‘oh‘, low maintenance éosts, and .‘iow prof. ile vandal-proof design’

(Ashley and Slaney, 1997).

A slow-release fertilizer pellet was developed in 1994-95 by IM.C. Vigdro Inc., Winter

: Havén, Florida and contains 14 % r@agnesium, 7 % nitrogen and 40 % P,O, by weight existing
in the form of the MgNH,PO, - H,O cOmpound. The fertilizer combound was compressed 1nto
~10 g pellets with an unpolymerized SaranTM—likf_: binder called Daratak® XB-3631, or vinylidene
chloride-acrylié acid-2-ethylhexyl acrylate polymer; which slowly releases nutrients while

dissolving under aqueous conditions.

Although magnésium is not normally a limiting nutrient, use of it as a binding metal in the
fertilizer is sensible since plants requir_e it to form the active center of the chlorophyll a molecule
(Horne and Goldmém,- 1994). Studies of river systems have shown nitrogen to be present in high
enough levels to be non-limiting (e.g. Salmon River, 1992), but its presence in the fertilizer
ensures that it will not become limited after P is increased (Slaney and Ward, 1993). Nitrogen
limitation of freshwater algal growth is less common than phosphorus limitation because blue-

green algae (cyanobacteria) are able to fix nitrogen from the atmosphere.

Phytoplankton growth is mostly controlled by the presence of orthophosphate which is
used in energy transfer and for cell components such as cell membranes and genetic material, and
most plants use ammonia, nitrite or nitrate for protein synthesis (McCarty, 1970). Living matter

generally requires an N:P ratio of 7:1 by weight or 16:1 by element, so phosphorus depletion is

likely in fresh waters where nitrate levels are > 100 ug/L. In general, if the ratio of N:P> 10, by




'wei'ght, then phosphorus is considered to limit phytoplankton growth (Horne and Goldman,

1994).

- 2.7 Nitrogen Cycling in Freshwater Ecosysteins

Natural external nitrogen inputs to rivers and lakes are in the form of ammonia and
nitrates that are introdﬁeed from land drainage and direct precipitation on the ’water. Once
nitrogen enters the aquatic ecosystem it exists mainly as inorganic forms of ammonium (NH,"),
nitrate (NO;) and nitrite (NO ) ions Wthh are of biological interest. Ammoma 1S the preferred
form for plant growth, however nitrate 1s usually the predommant form of nitrogen. With a few

' exceptlons nitrogen based i inorganic salts are generally highly soluble in water.

Organic nitrogen consists of dissolved and particulate matenals. Dissolved organic
nitrogen is mainly in the form of polypeptides and complex organics with a smaller portion
present as free amino nitrogen (Nordin, 1985). Particulate organic nitrogen consists of plankton
| and detritus and is much smaller than the_ diséolv_ed fraction, with the exception of turbid streams.
It is also much less available to al gae than the dissolved forms. Another nitrogen component

involves ions (NH,") that may be adsorbed to particulate matter.

The nitrogen cycle (Fi gure 2.2) describes the steady state for aquatic chemical '
transformations which are for the most part biologically mediated (Vymazal 1995); however n.
streams and rivers the water residence time is shorter than lakes, and there is less opportunity for

mineralization of the nutrignts by biochemical processes.

Nitrate (NO_,;:) and ammonia (NH,, NH,") are taken up by phytoplankton, via ammonia
and nitrate assimilation and hydrolysis, and used for growth in the fo'rm of proteins. These
organic forms can either be deposited to the sediments as detritus and / or transferred to a higher
trophic level (zooplankton, fish). Organic N from excretion products and sediments is converte(i
to inorganic N, especialy ‘am.monium (NH,*"), via the ammonification process. Ammonia is

oxidized by .chemolithotrophic bacteria to nitrate, which use the energy for growth, and recyeled
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, back to the algae Nltrosomonas bacterla oxidize ammonium to nitrite (NH,* — NO,” + Se) and
Nltrobacter oxidize mmte to nitrate (N O - NO, + 2e) Denitrification occurs in the anoxic
sediments or stagnant waters by. denltrlfylng bacteria (e.g. Pseudomonas) in which the nitrogen

oxides serve as terminal electron acceptors

v(NO +i& > NO, & > NO e +=— N,O — N,). Nitrogen fixation involves the transformation

of N to ammonia by blue- green al gae or. bacterla (N, 22— NH;). In oligotrophic streams, the
main source of n1trogen for plankton in the summer is from the recyclmg of nitrogen from plants

and animals back to ammonia or nitrate.

N2-fixation

denitrification
(anoxic)

Bacteria

+

f ” PHYTOPLANKTON
NO3-

, Zooplankton

- NO 2~

nitrification .
(oxic) \ . Fish
N20
STREAMS, _ :
RIVERS, ... :
: e viineralization
|[> 90 % NO3 or NH4 anoxia
i : DETRITUS
SEDIMENTs | <

Figure 2.2  The nitrogen cycle in freshwater aquatic ecosystems (adapted from Horne and
Goldman, 1994). Thick black lines indicate the main pathways in terms of mass
transfer; grey lines indicate pathways involving recychng and mineralization in the
water column.
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2.8 ‘J_Phospho_rus Cycling in Freshwater 'Ecosystems
The geochernical cycle of phosphorus is essentially a one-way transport of weathered

rock f: ragments from land to aquatic sediments. In natural waters 90 to 95 percent of phosphorus

is inert and moves as sedlment partlcles the rest is carried in soluble form. (Horne and Goldman,
1994). Soluble phosphorus inputs in natural waters result from the weathering and solution of
. crystallme and/oramorphous particulate phosphate minerals contamed in the water or present in
the mlnerals of the soil. (McCarty, 1970) The phosphate minerals are relatlvely 1nsoluble and
' "rates of solutlon are slow As w1th the mtrogen cycle the kinetics of mrnerahzatlon 1n streams

' havmg short water re81dence t1mes are unllkely to be a factor in makmg forms of phosphorus

- -other than drssolved and morgamc avarlable to alj gae (Nordm 1985)

Phosphorus is limited in freshwater systerns fOr four main reasons: (1) the small amount
of phosphate released f) rom rock breakdown in the watershed is readily immobilized by most
soils so leachates and ground waters in general are much lower in phosphate than in nitrate; (2)
soluble phosphorus compounds are retained by plant roots on land; (3) there is no gaseous phase
in the phosphorus cycle and thus rainwater contains little phosphorus; and (4) and soluble
phosphate released into water is rapidly adsorbed onto particles or precipitated withother

compounds-and is not readily available to algae (Horne and Goldman, 1994).

Phosphate is present in all known minerals as orthophosphate. The apatite family
~ represents the majority of phosphorus in the earth’s crust, with hydroxyapatite Ca,,(OH),(PO,),
being an important component Other SOlld phase forms that make phosphorus biologically

unavallable are presented in Table 2.2.

In natural waters phosphorus occurs as orthophosphate (PO43' ), condensed phosphates
(pyro-, meta- and other polyphosphates) and organically bound phosphates; they occur in _

solution, in particles or detritus, or in the bodies of aquatic organisms (Figure 2.3).

In most aquatic environments, total particulate phosphorus is present in much larger
quantities than soluble phosphorus. Particulate phosphorus includes bacterial, plant, and animal

phosphorus, as well as that absorbed onto or complexed with suspended inorganic particles,-_ such

16



as clays ahd other mmerals (Horne and Goldman, 1994). Inorganic solid phosphate phases are
formed by direct precipitation with calcium, aluminum, and iron, while clay particles ‘scavenge’
phosphate by sorption (Horne and Goldman, 1994). Because phosphate is both quickly released
and absorbed by particles, an equ‘ilibrium arises between phosphate ions and mineral particles in
streamsand Tivers whereby phosphate 1s édsorbed or desorbed 4f rom particles dependirrg on the

relative concentrations of the phosphates and the metal ions, the pH, and the presence of other

‘ligands (sulfate, carbonate, fluoride, organic species) in the water (McCarty, 1970). -

The bulk of the total soluble phosphorus pool includes soluble reactive phosphorus but is
primarily composed of dissolved organic phosphorus. It is thought to comprise of numerous
compounds rangmg from low molecular wel ght hi ghly labile compounds to large blologlcally

refractory compounds (Tarapchak and Nalewaj ko, 1986). The portion avallable for algal growth

- depends on the origin of the material and its rate of mmerahzatlon.

Table2.2  Solid phase forms of phosphorus of possible significance in natural water; ROP =
refractory organic phosphate systems (adapted from McCarty, 1970).

Form Representative Compounds or Substances

Soil and Rock Mineral Phases ' '
Hydroxyapatite Ca,(OH),(PO,),
" Brushite v { CaHPO,-2H,0
Carbonate fluorapatite (Ca,H O)10 (F OH), (PO, CO3)6
Varsicate, Stringite , AIPO,2H,0, FePO,-2H,0
‘Wavellite Al3'(OH)3(PO4)2- :
Mixed Phases, Solid Solutlons Sorbed ’ o
Species, Etc. S -
- Clay-phosphate (e.g. kaolinite) [Si,0.AL(OH),(PO,)]
Metal hydroxide-phosphate [Fe(OH),(PO,),_, 5], [AI(OH) (PO,), 3},
Clay-organophosphate [S1,0 AIZ(OH) +ROP], clay-pestlclde efc.

Metal hydroxide-inositol phosphate [Fe(OH),-inositol hexaphosphate]
Suspended or Insoluble Organic

Phosphorus : o '
Bacterial cell material | Inositol hexaphosphate or phytin; Phospholipid;
Plankton material " | Phosphoprotein; Nucleic acids; and/or
Plant debris . | Polysaccharide phosphate

Biological availability (as PO,) of insoluble phosphorus in lakes, reservoirs, and rivers is

achieved through slow physical or biological dissolution of the various insoluble minerals de '

organics (McCarty, 1970). Desorption from pairticles releases biologically available phosphorus,




which is available as PO, for phytoplankton growth. Since input of phosphorus in summer is

often low, recycling comprisés much of the activity in the aquatic phosphorus cycle (Horne and

Goidman, 1994),

Soluble orthophosphates (PO,) are readily assimilated by plants and other aquatic

organisms forming particuléte organic phosphorus. Either during growth or death of these

organisms, soluble compounds that contain organic phosphorus may be excreted into solution.

These compounds are either reassimilated to form particulate organic phosphorus or are

converted back to inorganic orthophosbhétés through degradation.

inert
pool

EROSION

Bacteria
Particulate-P in \ / 1

organic detritus
lT PHYTOPLANKTON
Solubl \ \
org:nice-P \ Zoo;iankton
d
Inorganic Sediments ¢ Fish
e.g. Ca3(PO4)2 and Organic
Fe3(POg)2 Sediment

Figure 2.3  The phosphorus cycle in freshwater aquatic ecosystems, excluding sewage inputs

(adapted from Horne and Goldman, 1994). Thick black lines indicate external
loading, and grey lines indicate internal loading, other lines indicate internal
recycling. . -

A certain portion of the organic phosphorus becomes incorporated into refractory

biological materials, a further parallel with the nitrogen cycle. The refractory organic phosphorus
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1s relati{/ely unavailable for subsequent biological growth and méy settle to form part of the

- sludge deposits and brganic muds of rivers anid lakes (McCarty, 1970).

" The majorloss of phosphorus from"'open water is sedimentation of the biota or from
chemi.cally fofmed precipitates. For example, phoéphatcs aré removed from solution by
| adSOrptio_n to freshly precipitated ferric and alluminum hydroxides, section.1.9.2 (McCarty,
1970). Most of this phospﬁorps Becomes' part of the permanent accumulation of sediments.
waever, in anoxic sediments reduction of ferric to ferrous iron may release phosphorus from
iron phoéph_a’te com’plexes.‘, Lower pH’s in theseﬂcon‘d:i_tions ‘may also release phosphorus by

solubilizing precipi'tzites.' “

| 2. 9 | Thfee Tybes of Phosﬁhorys Remoyalf in B. C. Stréams -

| At 'nyormalv,’lalk‘é pH rariges. most s_oihbl‘é phosphatezis _presen; in three ionic forms:

: orthapﬁosphaté (PO,*), monohydrogen (HPO42‘) and dihydrogen (H,PO,) phosphate ions.
’.Changes between these forms' occur rapidly with pH. '

Sorption and desorptibn of phosphate onté organic and-ir'lorganic, such as CaCQO;,
particle surfaces dominates phosphbrus chemiétry in natural waters. Insoluble phosphorus
compoundé 'such.as calcium hydroxyapatite and iron phosphaté aré also formed. Phosphate may
be removed f rom solution'by‘the presence of both calcium and iron at high concentrations as well

as humic material.

. 2.9.1 Calcium Complexes

‘Calcium and phosphate form theAinsolubvl‘e calcium hydroxyapatite, Ca, (OH),(PO,),:

'Calo('OH)z(PO4)6 o< 10Ca>* + 6PO,> + 20H

where K | =[Ca**]"°[PO,*]°[OHT = 10,

19




Hydroxyapat‘iteiis a thefihbdynélmically stable solid in typi‘lcal natural water conditions of solution
concentration, pH and temperature (Snoeyink and Jenkins, 1980). Elevation of pH of natural

: water containing typical levels of calcium increases apatite formation (McCarty, 1970).

The calcium phosphate system is very complex. Other calcium and phosphorus inorganic

compounds likely to be of some significance in natural waters are presented in Table 2.3.

Table2.3 Heterogenéous and complexation phosphate equilibria (adapted from Snoeyink and

Jenkins, 1980). ‘
Compound Equation pK..
Heterogeneous Equilibria ‘
Calcium hydrogen phosphate CaHPO, (s) « Ca** + HPO,> 6.66
Calcium dihydrogen phosphate Ca(H,PO,), (s) < Ca** + 2H,PO, 1.14
B-Tricalcium phosphate B-Ca,(PO,), (s) « 3Ca’> + 2PO,> 24.0
Tetracalcium pyrophosphate Ca,P,0, (s) <> 2Ca™* + P,0,* 13.5
Complexation Equilibria ' '
-Orthophosphate complex N ' CaHPO,° < Ca® + HPO,* ' 2.2
CaH,PO,* < Ca** + HPO,” + H' _56
Pyrophosphate complex , CaP,0,* <« Ca’ + P,0,* 5.6
| » . CaHP,0, < Ca™ + HP,O” 2.0
Tripolyphosphate complex CaP,0,,” « Ca™ + P,O,,~ 8.1

The phase diagram in Figure 2.4 1s useful in predicting some of the stable calcium phosphate
phase(s) ; listed in Table 2.3, under vafying pH'and degree of saturation conditions With respect to
calcium and inorganic phosphate ions (LeGeros, 1991). For examplc, at 25 °C, pH 6, and calcium
concentration of 10% M, CaHPO, 2H,0O wduld be the mdst stable phase; however, at pH ‘> 4.2
calcium hydroxyapatite, Ca;(PO,),OH, is the most stable. Limitations include expedmen@

observation éf the predicted formatioﬁ of monetite, CaHPO,, at 60 °C and above but not at 25 °C.

Also, mixing rates and the presence of different ions affects the type of stable Ca-phases.
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Figure 2.4 | Solubility phase diagram"fo'f the system: Ca(OH),-H,PO,-H,0 at 25 °C showing -

the stable calcium phosphate phases at different pH and differént calcium
concentrations (LeGeros, 1991).

2.9.2 Iron Complexes

. Phosphate can be removed from solution by precipitation or sorption onto the outside of

complex iron-containing particles. Ferric iron and phosphate precipitate to form FePO,:-

- FePO, <> Fe** + PO
where K, = [Fe**][ PO,*] =107,

Precipitation to remove phésphate as iron phosphate (or mixed hydroxyphosphate,-
Fe (OH),(PO,),) is increased by depression of the pH (McCarty, 1970). The indiréct process of
coprecipitation is a more viable removal mechanism than diréct precipitation. Insoluble ferric
hydroxide can coprecipitate phosphafe fr(Sm solption whereby phosphate anions enter the solid
oxides or hydroxides of iron via isomorphic replacement or solid solution (McCarty, 1970).
Isomorphous replacement and solid solution (a rﬁixed crystal) involve introduction of atoms into

acomplex molecule without affecting its structure.

Other iron and phosphorus inorganic compounds likely to be of some significance in

. natural waters are‘preseht'e'd in Table 2.4.
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o Table 2.4 Complexation phosphate equilibnia (Snoeyink and Jenkins, 1980).

Compound - ' Equation pK.,
. Complexation Equilibria -
Orthophosphate complex . FeHPO,* < Fe** + HPO,> - 9.75
- Pyrophosphate complex Fe(HP 07)2 < Fe3+ + 2HP o, 22

°2.9.3 Humic Complexes

| Humic substances is a general term referring to the persistent fraction of organic matter

s present in all terrestrial and aquatic environments. They are the residues from plants and animals-

that do not become completely mineralized, and are more or less resistant to microbial

' l.":decomposrtlon More spemf 1cally, humic substances are often described as refractory, yellow to
- black orgamc substances of h1 gh molecular weight, heterogeneous and naturally occurring in the
envrronment. ‘They do not have a definite chemical compos1tlon, but one that changes constantly

‘as a result of the decomposition process (Aiken et al., 1985; Thurman, 1985).

E , chuatic humus is chiefly formed from allochthonous plants brought in by wind and‘water

~ currents, by soil humus carried by flowing water, and also from organic material produced from

» the decompos1tlon of aquatrc plant and animal resrdues Humic substances contain carboxyhc

hydroxyl and phenolrc groups which 1nteract with elements and compounds present in the aquatic
system Aquatrc humus exrsts in drssolved and colloidal states, as well as in organic detritus and
have a molecular weight range of 1000 - 100 000 daltons (Ghassemi and Christman, 1968). Most
finds 'its way to the sediments by adsorption onto settling particles of clay or other mineral |
particles, but a significant portion remains in soluble form giving a yellow-brown colour to the
water.

The involvement of humic materials in complexing phosphorus is complicated, and is

influenced by the amount of complexed iron, pH and the presence of Ca’* ions in the water

(Figure 2.5). Gerke and Hermann suggested that phosphorus is bound via Fe- and Al- brrdges to

the humic surface by substitution of H O and OH"
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Figure 2.5 Scheme of orthophosphate adsorptlon by humic-Fe-surfaces (Gerke and Hermann,
1992) ‘

The pH and ionic composition of ilumic waters are key factors in the complexation and release of
PO, and Would also affect its sﬁeéiaﬁon (i.e. H,PO;, HPO,?, etc.) and cycling in the water
column, and its availability for uptake by planktonic organisms (Jones et al., 1993). The pH
affects the acid-base firoperties of the functional groups on the humic substances, while in hard
water the divalent cations, especially calcium, compete for metal binding sites with iron and inhibit

the orthophosphate binding processes.

2.10 Conclusion

All potenti-al nutrient interactions and their subsequent effects on the ecosystem should be
considered in detail before fertilizers are added to oligotrophic streams. Although the long-term
con_seqhences of fertilization for the habitat and salmonid populations is not fully known, results -
from many experiments indicate that addition of small amounts of nutrients may be a way to

enhance and restore fisheries production in nutrient-poor streams and rivers.
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3. Methodology

This chapter describes the procédures fi of the l'abératory batch testing at the University of
Brjtish Columbia, the indoor tfough vt;:s‘ti‘ng in the Fraser Valley Trout Hatchery, the outdoor
périphyton growth studies at the Cultus Lake Salmon Research Laboratory,,'th(.a analytical
techniques that were used for water QUal:ity.measurerhents, and finally the statistical analyses

performed.

3.1 Laboratory Tests

I:M.C. Vigoro Inc., Winter Haven, Florida providéd fertilizer granules for the preliminary
solubilify eXperiments. These experiments were undertaken in a temperature cohtrolled room (11 |
°C) in the Environmental Engineering laboratory at U.B.C. The reactors were 1 L square Nalgene
bottles mixed by a rotating tumbler td simulate river conditions. Fertilizer granules (100 mg) were
bundled by polyester thread in 5 cm diameter circles of 118 ym Nitex mesh and placed in bottles
containing water of varying chemical conditions. Mesh bundles containing no fertilizer were uséd
for blanks. New bundles were made fdf eéch set of experiments, with weights of fertilizer
granules in AppendixI. The bottles were placed on a rotating tumbler at 10 rpm for two weeks
(Figure 3.1) and the water was changed and analyzed for soluble reactive phosphorus (SRP),
total phosphorus (TP) and pH at two day intervals (Table 3.1). Both SRP and TP values were
measured to determine whether the changes in phosphorus availability were due to eithér an
impedance m pho'sphoms release from the fertilizer, or precipitation of the phosphorus after its
release from the pellets. Make-up water (distilled water or distilled water of various alkalinities)

was kept in the cold room. Just prior to changing the bottles the make-up water was measured

into acid-washed 1 litre‘containers, chemicals were added and final pH adjustments were made.




Table3.1  Sampling program for laboratory experiments.

Batch Number | Day | Cumulative Hours | Hours on Tumbler Notes
0 0 0 0 Place solutions on tumbler
1 1 24 24 Change solutions
2 2 48 24 =
3 4 96 48 ”
4 6 144 48 ”
5 8 192 48 &
| 6 10 240 48 ”
T 12 288 48 Remove solutions

Figure 3.1 Tumbler apparatus containing 12 Nalgene bottles.
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~ 3.1.1 Experiment 1

| The first of four experiments of this type was designed to determine if there is é potenﬁél
for phosphorus precipitation under various water chemistry conditions typical of B.C. streams '
(K. Hall, 1994, pers. comm.). Water chemistry levels included: pH 7.8 or 8.5, alkalinity of 160" .
mg/L as CaCO,, and Ca’* (hardness) of 25, 100 or 175 mg/L as CaCO, (Figure 3.2). Alkalinity
and pH7 .8 were chosen to be consistent with Pons’ (1994) report, and hardness was chosen for

soft to moderately hard water (Benefield et al. 1982) characteristic of B.C.’s streams (Table 3.2).

IS

pH (units) 7.8 7.8 7.8 8.5 85 7.8
[Ca®**] (mg/L) 25 100 175 25 175 25

(BeEEEE

Figure 3.2 Tumbler set up for the first experiment which compared phosphorus release in
water of varying pH and hardness. Variables included pH = 7.8, 8.5, [Ca>*] = 25,
100, 175 mg/L as CaCO, and alkalinity = 160 mg/L as CaCO,. Each variable had a
duplicate except for the blank and bottle 12 which was for ammonia release over 2
weeks. Numbered boxes represent sample jars.

Table3.2  Hardness levels used in the experiment based on Benef{eld etal.’s (1982)
: international classification of hard waters.

Experiment [ Classification
Hardness Hardness Hardness Range - Hardness Description
(mg/L as Ca®") | (mg/L as CaCO,) || (mg/L as CaCO,)
10 25 ] 0-50 Soft
_ 50-100 ' Moderately Soft

40 100 100 Moderately Soft / Slightly Hard
100-150 Slightly Hard

70 175 150-200 Moderately Hard
200-300 . Hard

>300 . Very Hard
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Distilled water (995 mL) at 11 °C was measured 1nto clean labeled bottles, S mL of
| 55. 0024 g/L NaHCO, was added and 0.428, 1.809 or 3.000 mL of 84.666 g/L CaCl,2H,0 was "
~ added by adjustable pipette. The bottles were shaken and pH was adjusted to 7.80 or 8.50 = 0.02
units using 0.01 - 0.2 N HCI and NaOH. Tongs were used to remove fertilizer bundles from the
bottles in the cold room and to transfer them to the fresh water solutions. The ammonia
concentration in bottle 12 (pH 7.8, alkalinity of 160 mg/L as CaCO, arid Ca® of 25 mg/L as
CaCO,) was analyzed at the end of the experiment to determine the %N released after leaving a
fertilizer bundle tumbliné"in the same water for 286 hours (2 weeks) at 11 °C. All of the nitrogen

present in the fertilizer pellets isin the form of ammonia (LM.C. VigoroInc.).

3.1.2 Experiment 2

This experiment con‘ipared effects of alkalinity on the release of phosphorus using the
same pH and hardness levels as in the previous expen'ment but having alkalinities of 20 and 95
mg/L as CaCO (F1gure 3. 3) The duplicate results in the previous expenment were very close SO
| were not run again due to bottle limitatlons The set up was similar except that 1000 mL of
distilled water was added to the bottles followed by 0.633 mL or 3.000 mL of 55.0024 g/L
NaHCO,;. The 12th bottle was used asa prel1m1nary experiment for phosphorus release in humic
. water having pH 7 6, alkalinlty 115 mg/L as CaCO, and colour = 80 colour units. The water
was collected from Crescent Slough in Delta, filtered through a GF/F filter to remove large

particulate matter and stored at4 °C.

3.1.3 Experiment 3

A third experiment measured the reproducibility of phosphorus release in water
containing the highest and lowest values of pH, alkalinity and hardness from the first two

exper:iments. (Figure 3.4). Five replicates plus one blank were tested in water two types having:

pH 7.8, alkalimty 20 mg/L as CaCO and Ca*>* = 25 mg/L as CaCO,, and
~ pH 8.5, alkalinity = 160 mg/L as CaCO3 and Ca** = 175 mg/L as CaCO,.
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Water solutions were made weekly and kept in the cold room. pH was the only parameter that
needed to be adj usted before placmg solutions on tumbler, and greater accuracy was found when

adjustmg pH for larger volumes of solutions 1nstead of 1 Latatime.

OO0

pH ~ 78 | 7.8 7.8 7.8 78 . 718

p
[Ca?*] (mg/L CaCO,) 25 100 175. © 25 175 25
alk (mg/L CaCO,) 20 20 20 - 95 - 95 20
1 7 10 12
. humic

H - : . 8.5 85 - 85

|pH -
[Ca®*] (mg/l. CaCO,) 25 . 100 175 . - 25 175 -
|alk (mg/L'cacO,) 20 20 20 95 95 i1s

Figure 33 Tumbler set up for second expenment which compared alkalinity changes to release
. of phosphorus. Variables included pH 7.8, 8.5, [Ca“] 25,200, 175 mg/L CaCO,
- and alkallmty 20, 95 mg/L as CaCo,.

000G

pH 78 78 78 78 18 18
[Ca®*] (mg/L CaCO,)- 25 25 25 25 25 25
alk (mg/L. CaCO,) 20 20 200 20 20 20

7 || 8 9 | 10 11 12

) || BLK

pH 85 85 85 85 85 85
[Ca*] (mg/LCaCO,) 175 175 175 175 175 175
alk mg/L CaCO;) ~ 160 160 160 160 160 160

Fi gure 3.4 Tumbler setup for replication experiment. Variables included pH7.8, 8.5,
: ' [Ca**] =25, 175 mg/L as CaCO, and alkallmty 20, 160 mg/L as CaCO,.
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3.1.4 Experiment 4

This last experiment investigated the effect of humic material and soluble iron levels on
the diséolution rate of phosphorus in natural bog water. The water contained colour resulting
from humic substances at 50, 100 and 200 colour units, pH = 585 and alkalinity = 4.4, 11 and
20 mg/L as C'aCO3 for each colour_respeétively. Fe**, in addition to what was present in natural
bog water, was added at 0.2 or 1.0 mg/L to give cumulative additions of 0, 1.4 or 7.0 mg/L. after

fwo weeks (Figure 3.5).

colour (units) 200 100 50 0 0 0

[Fe**] (mg/L) 0 0 o 0 . 02 10
colour (units) 0200 100 50 200 100 50
[Fe™] (mg/L) 02 .02 02 10 10 .10

Figure 3.5 Tumbler set up for experiment comparing effects of humic water and iron content
on phosphorus release. Variables included pH 5.85, median alkalinity =7.6 mg/L
as CaCO,, colour = 200, 100, 50 units, and [Fe**] added =0, 0.2, 1.0 mg/L.

The Burns Bog (humic) water was filtered after sampling through Whatman 43 filters
(médium-fast, ashless, 125 mm JJ) to remove large particulate material such as twigs, leaves, large
plankton and insects. The filtration apparatus was acid washed and rinsed three times with distilled
Water prior to filtering. The humic water was diluted in 20 L bafches to 50, 100 and 200 colour units,
adjusted to the original bog water pH value of 5.85 units and stored with the dilution water at 4 °C.
Since the post dilution alkalinity of the coloured water was very low (4.4 - 20 mg/L as CaCO,), it

was assumed that distilled water was approximately equal in alkalinity and no adjustment was made.
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When setting up the tumbler apparatus, 1000 mL of sample water (shaken) was measured
into the 1 L acid washed bottles in order of increasing colour level. Ferric iron (1000 mg/L) was
added by adjustable pipetin 0.2 or LOmL doses, the bottles were shaken, pH was measured

(after addition of iron), and fertilizer bundles were transf erred as in previous experiments.

3.2 Indoor Trough Studies

The second phase of research used channels located at the Ministry of Environment’s

» Fraser Valley Trout Hatchery to determine release rates of pellet fertilizer (approximately 2, 6 and
| 9v-g sizes) under various water temperatures (8, 10 and 14.5 °C) and velocities (0.03, 0.15 and
030 m/s). Specially constructed plexiglass troughs (dimensions 0.17mx0.17 mx 2.4 m)

_containing the pellets were placed in hatchery rearing troughs. The plexiglass troughs were

‘modelled after ones used by Bothwell (1983, 1988). There were a total of ten troughs including a

duplicate.

Twelve hundred and sixty pellets were cut into sizes of approximately 2,6and 9- g at the
Mechanical Shop at U.B.C.’s Department of Civil .& Mechanical Engineering. 1/ 16” diameter
holes were drilled in the centre of the pellets using B.C. Building Corporation’s drill press at the
Fraser Valley Trout Hatchery. The pellets were rinsed, oven dried, desiccated, individually
weighed and strung, separated by 5mm diameter plastic beads, onto 30 cm lengths of 18 gauge
galvanized wire. Two to three beads were strung on each end of the w1re to keep the pellets away
from the slower movmg water at the sides of the trough. The wire and the order of the pellets on

the wire were numbered and fastened to the sides of the troughs with Duct Tape

Temperature of the oven and drying time was determined by soaking pellets in\Water for
12 hours and drying the pellets for up to 24 hours in a 105 °C and 70 °C oven. The drying time
and weights (after desiccation) of the pellets.were plotted and revealed that the pellets
| decomposed in the 105 °C oven. Optimum drying time for the three sizes of the pellets was 18

~ hours in the 70 °C oven (Appendix II).
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The pléxiglass troughs (Figure 3.6 & 3.7) were constrﬁcted using 3 minute ééoxy resin;
bQﬁds usihg a hot glué gun became loose. Differént water speeds required different numbers and
“heights of déms at the beginning and/or end of the troughs (Figure 3.6) to reduce visible
turbulence. Each trough contained fourteen wires strung with three pellets of each size. Thc |
furthest wire 'downstr'eam_ was rem_o_ved _each*samp.lin'g da_té, oven dried, desiccated and weighed to
determine the amount »c:>f pellet dissolved over time. '-Sampling took pl'aée over a period of three
‘I‘nonths and occurred 2,4, 7, 11, 14, 18, 26,32, 47, 60, 74 and 88 days after the pellets were

introduced to the troughs.

~ Three water temperatﬁres of 6.5,9.5and 17.5 °C were avéjlable for use bﬁt hada -

" maximum flow restriction. A ppfopriate water femperatures and velocities were obtainéd by
'A mixing water of various temperatures and head. tank sources as well és adjusting slopes of
troughs. There was also a néegi to watch for temperature gradients across the 't;oughs. The
velocities were measﬁréd by a Marsh McBimey, Inc. Model 2000 Portable Flowmeter which
| required a minimum of 1” of water depth to make measurements. The groundwater had the

following water chemistry ('Tab_le 3.3);

Table3.3  Selected water chemistry parameters of Fraser Valley Trout Hatchery well #4 and

head tank. o
Parar_heter ' . Value
pH 8.0
Hardness 160 mg/L. as CaCO,
Alkalinity at pH 4.5 88 mg/L as CaCO,
Dissolved Ammonia 0.007 mg/L
Calcium : 49 mg/L
Iron <0.05mg/L
Magnesium 9mg/L
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Fi gure 3 6 Dlmensxons of plex1 glass troughs for the three flow rates (a) 0.03 m/s (b) 0.15
" m/s; and (c) 0.30 m/s. The vertical dotted lines in the elevation views represent dams
of he1 ghts (left to right) to give laminar flow. through the troughs: (a) 0.025 m,
0.005m, 0.015 m; (b) 0.06 m, 0.045 m, 0.015 m, 0.015m; (c) 0.06 m, 0045m
0.015m, 0.015 m. There were no dams at the end of troughs for 0.30 m/s flows:
Uneven dashed lines represent the rows of fertilizer pellets, and the water flows

from left to right.
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Figure 3.7 Completed troughs: From the left, the three white troughs were for 0.03 m/s
velocities, the middle four were for 0.15 m/s velocities, and the last three were for
0.30 m/s velocities.

3.3 Outdoor Periphyton Growth Studies

Two troughs were made available at the Department of Fisheries and Oceans’ Salmon
Research Facility at Cultus Lake for periphyton accrual growth experiments. False bottoms, to
eliminate shading from the trough walls, and 0.13 m dams at the ends were built, to give cross
sectional trough dimensions of 0.30 m wide and 0.19 m deep. The troughs were lined with heavy

plastic held in place by staples and glue.

Artificial periphyton substrates (0.2 m x 0.1 m x 0.4 m) consisted of 6 mm open-cell
styrofoam sheet strapped to 7 mm plexiglass and bolted to a concrete block (Figure 3.8). The
styrofoam was from the wholesale florist David L. Jones in Burnaby and the assembled blocks
were borrowed from Fraser Valley Fish Hatchery. Three substrates were placed in each trough:

for0, 0.5, 1.0, 1.5, 3.0 and 5.0 ug P/L additions from the fertilizer pellets to Cultus Lake water.
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Phosphorus was assumed to be the limiting nutrient for periphyton growth, as is usually the case

for fresh water.
S 0.09 I . |
elevation I I J
. ”’ —_—
plan 0.19m o, flow

~
7

4
v

039m

Figure 3.8 - Periphyton blocks; styrofoam and plexiglass were bolted to the concrete blocks.
Circles represent initial sampling locations for water flowing from left to right.

- Water was pumped from 4.5 m below the surface of Cultus Lake directly to the troughs,
and was adjusted to é veldcit_y of 0.15 fn/s at apprbxi-mately 0.10 m above-the periphyton bloéks.
‘At the head of the troughs water flowed into 20 L buckets, with holes and rocks in the bottom, to
minimize the turbulence causv.e;d By iin.fl.owin g watér; :

The amount of pell'etsb necdé;im‘t(‘) 'o'btai'n' the desifed‘i)hbsphoms c&héentrations were

calc’ulated‘ from the ‘previous trough experiments based on the 14 °C and 0.15 m/s test data: over
thé course of six weeks (42 days) approximately 20 % of the 9 g pellet dissolved releasing 0.3 g
“of phosphorus. The calculations were based on 7.4 L/s flowing through'éach trough using 9 g
pellets. A linear dissolution rate and additive releases were 'assumedlc.)ver the time frame of the
- experiments. In the first trough 43 pellets (390 g) were needed in two places to provide 0.5 and 1
ug P/L; The second trough needed 130 pellets (1169 g) in two places to prbvide 1.5and 3 pug
P/L as well as an additional 173 pellets (1559 g) to provide 5 ug P/L. The total amount of

- fertilizer used was 519 pellets or 4677 g.

_ The pellets were drilled and strung on 18 gauge galvanized wire with 5 mm diameter

plastic beads separating thefn, and were attached to the troughs at various depths in order to
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evenly distribute the nutrients in the flowing water. They were placed in a series of groups
containing one or two wires, depending on the amount of pellets, so as to not “shade” the pellets

downstream (Figure 3.9). Staples and duct tape were used to attach the wires to the top sides of

. the troughé. Shading by plywood sheets placed above the pellets was used to discourage algal

growth.
0.10m 0.1gm il Q10m !
0.10m . 0.06 m 0:.08m
019m|__ ____ _____ I
l 0.06m IOOSm
— 030m —>» +— 030m —» — 030m—>

@ o (b) (©)
Figure 3.9 Cross section of wires and lengfhs required in. troughs: (a) one wire per site, 0.70' m

each, (b) two wires per site, 0.62 and 0.74 m each, (c) two wires per site, 0.66 and
0.82 m each.

The periphyton blocks were placed close to the north side of the troughs to eliminate
shading from the walls (Figure 3.10). Four'days after the blocks were put in the troughs the
styrofoam was 'brushed horizontally and venicéll‘ly with a soft brush to remdve é:xcess filamentous
algae and diétribufe the algal cells evenly across the styrofoam sheets. The same brush was also
used 0ﬁ the strings of fertilizér pellets to remové excess algae. Each sampling date the strands of

pellets were brushed and the water Velociﬁi_es, ‘(0. 15 m/s) were monitored (Figure 3.11).

The water temperature was recorded hourly by an Optic StowAway Temperature monitor -

(Onset WTAOS, f rom Hoskin Scientific) anchored to one of the buckets. Twice a week the

periphyton was sampled, and once a week light intensity was measured (by a LiCor Quantum

Meter Model 185 a) and cloud cover noted.

Weekly water samples were taken during initial experiments to check calculated additions
of phosphorus. Because of the limited sensitivity of the anélytical method for dissolved

phosphorus, the additions could not be accurately verified. However, average results from
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Figure 3. 10 Outdoor trough dimensions w1th water flowing from the west at 0.15 m/s. Buckets

(0.28 m diameter) to capture inflowing water are represented by circles in the plan
. view. Trough (a) contained periphyton blocks for 0, 0.5 and 1.0 ug P/L from

fertilizer pellets and trough (b) contained blocks for 1.5,3.0 and 5.0 ug P/L
fertilizer addition. Groups of pellets were ~ 8 cm apart. The 1.4 m distances were
measured from the centre of the groups of pellets to the blocks. Italic numbers
above pellets rows indicate number of wires per site; bold-italic numbers represent
wires of lengths 0.66 and 0.82 m.
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Fi gure 3.11. Locations (x) of weekly flow monitoring measurements in both troughs. All
measurements were taken approximately 8-10 cm in front of objects and 10 cm
under water.




unfeltilized‘sam‘ples taken May 29 to July 17, 1995 were: orthophosphate = 0.004 mg/L, total
phosphorus ='0.007 mg/L, nitrate < 0.005 mg/L and ammonia = 0.005 mg/L.

Quadruplicate cores (6.2 cm?) of styrofoam were removed with a 7 dram (2.8 crﬁ
diameter) size pil'l bottle from each periphyton block at 3- to 4-day intervals, and then analyzed
for chlorophyll a. Qualitative samples were taken from four of six periphyton blocks (0.0, 0.5,
1.5and 3.0 g P/L) on th_reé occasions (June 19, July 10, and July 17, 1995). They were
preserved in Lugol’s solution and analyzed for algal species identif ication by Dr. Frances Pick,
University of Ottawa. Tlte two 1 mon_th expérirﬁents ended when noticeable sloughing of algae

from the periphyton substrates occurred.

- 3.4 Analytical Techniques

3. 4 1 Algal Species Identification

The methodology for cell counts is outlined in the report by Yang etal. (1997) to B.C.

Environment:

“Enumerations were made usmg the Utermohl method on a Wild M40 inverted
microscope. Two millilitre aliquots were settled overnight (16 hours) in 26 mm diameter
. sedimentation chambers. For each sample, a minimum of 300 - 350 cells [were] counted
along randomly selected transects to ensure an 85 - 90 % counting accuracy. The length
of each transect equaled the diameter of the chamber. Cell counts and dimensions were
recorded on a computerlzed counter.”
~ Species of pen'lohyton_ as a function of nutrient loading were identified as: rare, whereby
species occurred < 3 cells in one transect; common, whereby species occurred 3 - 10 cells in one

transect; abundant, whereby species occurréd 10 - 30 cells in one transect; and dominant,

whereby species occurred > 30 cells in one transect.

3.4.2 Alkalinity

All measurements were made during solution preparation or immediately after the

solutions were changed. Alkalinity was determined using the titration method as givén‘ by




Standard Methods (APHA, 18th edition). The burette was filled with N/50 standard H,SO, and
25 mL of sample were pipetted intoa 125 mL flask. A stir bar and 2 drops bromcresol green
indicator were added before titrating the solution to a yellow colour. The titration was repeated

until Vblumes of acid added were within = 0.02 mL.

3.4.3 Chlorophyll a

‘The chlorophyll a samples weré kept frozen in black plastic bags until analysis under low
iight levels. The algae were removed from the styrofoam bottoms and the disks were cﬁt into
thirds so théy would fit into the glass extraction vials. Excess water was poured out of the pill-
bottles (if not significant amounts of suspended algae). The foam was placed using forceps, into
15mL graduatcd glass vials, and chlorophyll @ was extracted by the Standard Methods procedure
(APHA, 18th edition). Five mL of 90 % acetone with 10 % MgCO, saturated distilled water was
. pipetted and used to rinse algae from lid and pill bottle into the glass vial. The volume was made
up to 10 or 15 mL with solvent, depending on the dilution required, and the samples were capped
and shaken by hand. They were then sonicated in cold water for 15 minutes, shaken and stored

overnight at 4 °C. In the morning the samples were shaken, and if the chlorophyll alevels were

very high the samples were sonicated again for 10-15 minutes. After centrifuging for 5 minutes at -

2000 rprﬁ in a refri gerated centrifuge, the extracts were read on a calibrated 10-A U Fluorometer
by Turner-Designs, Sunnxvalé, California. For phaeophytin analysis, 2-3 drops of 10 % HCI

_ wefe added. Addition of 'aéid to chlorophyll a rgsults in the ioss of the rﬁagﬁesiﬁm atom,
converting it to phaeophytin; a: If hécessary, thé samples were diluted with 90 % acetone, 10 %

distilled water. The following calibrated equation was used for calculating chlorophyll a:

Chl a (ug/L) = 1.899 (F, - E)) (1/0.9609) (v/V)
where F,_ = chlorophyll a absorbance
- F, = phaeophytin a absorbance
. v=volume of extract (mL)

V = volume of sample (mL).
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344 Cdlour

The platinum/cobalt method was used to measure colour in samples of humic water
against standard colour plates using the Hellige Aqua Tester (APHA, 18th edition). One unit of
colour is producéd by 1 mg platinum/L in the form of the chloroplatinate ion. One of two
matched 50 mL nessl¢r tubes was ill}ed with distilled water while the other was filled with
sample. If the humic water colour, compared to the distilled water and éolour disks, was greater |

| *~thén 70 units the sample was diluted. Apparent colour was determined on the ori ginal sample
without filtration or.centrifugation. The colour value of water is extremely pH dependent and

usually. increases as pH increases.

3.4.5 Iron

»Unfilte,red samples were shaken and 100 mL poured into acid washed 250 mL plastic
bottles. One mL concéntrated HNO, wés added-and sarﬁples were stored at room temperature.
Up-on analysis the samples were acidified to pH 2 and analyzéd on a Thermo Jarrell Ash Video
) Atomic.A'b‘sérption / Atomic Emission Spectrometer using Standard Method’s Direct Air-

Acetylene Flame Atomic AbsbrptiOn Spectrometric Method (APHA, 18th edition).

3.4.6 Nitrogen

Ammonia concentrations were analyzed on a flow injection Lachat Quikahem
Autémated Ion Analyzer using QuickChem method #10-107-06-1-Z. The samples W.ére‘
preserved with concentrated sulfuric acid to lower the pH to 3 and then stofcd at4°C. The
* samples were heated with éalicylate and hypochlorite in an alkaline phosphéte buffer for analysis.
The presence of tartrate in the buffer prev‘ents precipitétion of calcium and magnesium. An
emerald green colour, proportional to the ammonia concentration, resulted and was intensified by

adding sodium nitroprusside. Interfering compbunds include colour, turbidity and certain organic

. species.




3.47 pH
o - The pH values were determined 1mmed1ately with a Beckman <I>44 pH meter contammg a
. Fisher polymer body combmatlon electrode w1th an Ag/A gCl reference element pH electrode. |
The meter was standard12edaga1nst Fisher pH,4 and pH 7 buf. f er solutions. Standard solutions
were kept in the cold room (11°C) to maintain temperature conslstency.hetween standards and 7

. samples. L
3438 Phosphorus ;

| n‘,3 4. 8 1 Samplmg and Storage ’

| All contamers used for samples storage and analyses wereacid Washed with 10 % HCl
and rinsed 3 tlmes Wrth'drsulled water. Total phosphorus (TP) samples were acidified and
d1gested 1mmed1ately, then neutrahzed (within 2- 3 days) and frozen in 7mL plastic vials-for later
analys1s Orthophosphate (SRP) samples were 1mmed1ately decanted 1nto 7 mL plastic vials and

frozen until an_alysrs.,Duphcates and blanks were poured for all TP and SRP samples.

3 4 8.2 Total Phosphorus .

Cahbratlon standards ranged from 0 to 10 mg/L and were made up n 50 mL volumetric
flasks Samples and standards (50 mL) were transferred t0'100 mL glass tubes for convers1on of
: total phosphorus to orthophosphate One drop of phenolphthalem was added to each tube and
) concentrated H, SO, was added dropwise until the pink colour Vanlshed One half mL of H SO,
was.added to the tubes before covering loosely with alumlnum foil and autoclavmg 30 minutes at .-
approx1mately 120 °C. L1qu1d levels in the tubes needed to be checked after autoclavmg to verify

the tubes had not boiled over and poss1bly contaminated other samples. -

After the samples had cooled completely they were neutralized to a pH of 7 with 6N
NaOH. A 100 mL acid washed beaker contammg a st1r bar was used for neutrahzatlon of the -
-standards and samples. NaOH was added dropw1se until the solut1on _]USt turned p1nk and then

10 % HCIl was added dropwise untll it was clear again. Standards and blanks were poured into 25
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mL plastic bottles (no duplicates) and the samples were poured into duplicate plastic vials, capped

and frozen until analysis.

3483 Orthophosphdte
The samnles were decanted and not filtered because of contamination from the filtration

apparatus.

3.4.84 Autoanalyzer
Phosphorus concentrations were measured by the Lachat QulckChem Automated Ion
Analyzer via flow 1nject10n using the methods outlined by QulckChem #10-115-01-1-Z for SRP

and #10-115-01-1-C for TP. The orthophosphate ion reacted with ammonium molybdate and

‘antimony potaSSium tartrate under acidic conditions. The resulting complex was reduced with

ascorbic dcid to form a blue.complex. The concentration of orthophosphate in the sample was
proportional to absorbance of light by the blue complex at 880 nm. Interfering iron and silica
compounds were not present at high enough concentrations (50 mg/L and 4000 mg/L

respectively) to alter results.

One blank, duplicate’and standard were run with each set of 10 phosphotus samples to

. ensure quality control Dupli(:ates and standard values were checked to ensure that the difference

_between dupllcate Values and known standard values did not exceed 5 %. Less than 2 %

difference was usually f ound otherw1se the batch of samples were re-run.

Table3.4  Detection limits for parameters analyzed.

Parameter Units Detection Limit
Alkalinity . ‘mg/L as CaCO; - .5
Chlorophyll a ug/l : ' 1
Colour units 10
Iron - mg/L 0.2
Nitrogen mg/L 0.05
Phosphorus mg/L - 0.05
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3.5 Statistical Analyses

3.5.1 Laboratory Tests

Cumulative phosphorus (TP and SRP) release values over time were calculated for each
sample. The average phosphorus value was used for duplicates. These values were statistically
analyzed to determine the water chemistry variables which act as major predictors for phosphorus
availability using Systat’s version 6.0 Stepwise (step-up / forward addition) Linear Regression |
model. A minimum tolerance for entry into the model of 0.01 was used. Regression equations ‘
were cierived to express phosphorus availability in terms of pH, alkalinity, calcium, colour and
iron. The equations were derived for fertilizer granules (pellets were not available at this point)
releasing nutrients over two week experimental periodsin 11 °C Watcr,an'd simulated flow
conditions, in water of éhemistry: pH =78- 8.5, alkalinity =20 - 160 mg/L as CaCO,, calcium
(hardness) =25 - 175 mg/L as CaCO‘s, colour %50 -200 units, and iron=0- 1.0 mg/L .

3.5.2 Indoor Trough Studies
A ratio of average weight lost over average initial weight waslused as the dependent ' |
variable during statistical analysis in order to simplify calcuiations; As with the laboratory
experiments, the major predictors for average weight lost / average initial weight were determined
using Systat’s version 60 Stepwise Linear Regression model. A regression equation was derived |
to express average weight lost/ average.initial weight in terms of time, tefnperature,'velloc‘:ity and
pellet size. The equation was derived for an 88 day experimental period for pellets of 2-9 g in

water of temperatures 8 - 14.5 °C and velocities 0.03 - 0.30 im/s.

3.5.3 Outdoor Periphyton Growth Studies

Systat’s version 6.0 Stepwise Linear Regression model was used to determine the role of
phosphorus concentration in influencing periphyton accumulation, measured as chlorophyll a, and to
investigate the general tendencies of the data. Regression equatio’fls were derived to express

chlorophyll a in terms of time and average orthophosphate-phosphorus concentration. The.equations‘

42




were derived for month long experiments (late May to beginning of August) in water having

témperature 14 - 23 °C and velocity of 0.15 m/s. .
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" 4. Results and Discussion

| 4 1 lnfrdilucrion A

Theproject was dlrfided into three phases Phase one investi gated the release of

. phosphorus in jar tests from f ert1l1zer granules in water of varymg pH, alkalinity, hardness and
~ colour. The reproduc1b111ty of phosphorus release was also determmed Phase two documented

the'dls,solutlon rate of the fertilizer pellets in 1ndoor«hatchery troughs when subjected to various

- water temperatures and velocities. ’l‘he third and final phase assessed the growth rate of " |

p'eriphyton using different amounts of fertilizer in outdoor ﬂow-through_troughs.
- 4.2 Phosphorus'AvaiIabiIity for Various Water Chemistry Types

| 4.2.1 Introduction
: A knowledge of how stream waters chemically interact with fertilizer cOmpo'nents isp

essentlal for determ1n1n g the correct amount of fertilizer to be added to provincial streams
Phosphorus and n1trogen present 1n the fertlllzer pellets as MgNH PO, H 0 ennch the stream
water and st1mulate al gal growth Once drssolved in the stream water, n1trogen 1s present as
-ammonium. (NH ) and remains blologrcally avarlable to aquatlc orgamsms On the other hand,
E phosphorus present as orthophosphate (PO ) in solutlon can be precrpltated adsorbed or:
3 changed toa b1olog1cally unava11able f orm inthe presence of calcrum 1ron and humic matenial.

'.Other water chemlstry factors such as alkalrmty and pH may also affect the drssoluuon of

' ‘phosphorus from the fert1hzer pellets

. Experrments at selected pH S, alka11n1t1es and hardness (as Ca *) were conducted at .
sl ghtly undersaturated conditions for the formatlon of precipitates. The presence of precrprtates
. in solution could remove solubrlrzed phosphorus from solution or prevent the initial

: _’ solubilization f rom the fertilizer. Research was also conducted to determine the effects humic -



substances could have on phosphate availability; for example, whether or not they adsorbed onto

the pelleté and impeded nutrient solubilization, or formed complexes with orthophosphate.

4.2.2 Phosphorus Release in the Presence of Varying pH, Alkalinity and Hardness

4.2.2.1 Results

Total phosphorus, soluble reactive phosphorus and pH values obtained from three
experiments were summed for the two week analyses to give cumulative values presented in Table
4.1. Also present in Table 4.1 is the amount of ammonia released from the fertilizer over two
Weeks. The temperature of the cold room was checked each sampling event and was set at a

constant 11 °C.

4.2.2.1.1 pH Change

pH change from addition of the fertilizer pellets to the water solutions was measured in
the first experiment to determine if fertilizer additions altered the water chemistry. Systat’s
stepwise linear regression modél was used to analyze the cumulative change in pH values over the
course of the experiment (N = 105). Order of entry by the variables into the stepwise analysis
(Table}4-.2) gave an indication of their relative importance as predictors to the change in pH

values.

The 'ste?Wise linear regression analysis of pH change yielded a main eff ect of 'alvkalinity.
This result was expected because of the buffering capacity contributed by élkalini'ty. Initial pH
also had some effect Becausé it rélates to tﬁe amount of buffering achieved from alkalinity:
maximum buffering is achieved thr_l pH = pK in the carbonéte system. There were no
interactions between the variables. Thus, each variable had in independént effectin determining

the pH level.
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“Table4.1 . Cumulative values of three two week experiments for change in pH and final pH,
: - 'SRP, TP and NH, released in water of various pH, hardness (Ca**) and alkalinity.
A “-” indicates the parameter was not measured. Bottles #1-11, 2-6, 3-6 and 3-12
contained no fertilizer. Bottle # 2-12 contained humic water for a preliminary
~experiment; [Ca’*] was not analyzed.

4 Expt #.‘-

[Ca™]

| .pH Alkalinity | ApH | pH SRP TP NH,
| Bottle# | (units) | (mg/Las | (mg/Las || (units) | (units) [ (mg/L) | (mg/L) | (mg/L)
| - : CaCO,) | CaCO,) _ '
| 1-1 ~7.8 .25 160 2.18 9.98 11.00 13.61 -
-2 |78 | 25 160 1.98 9:78 10.84 | 12.61 -
1-3 - 78 | 100 160 1.10 8.90 4.15 9.75 -
1-4 7.8 100 160 0.95 875 | 581 9.11 -
1-5 7.8 175 - 160 - 0.62 8.42 5.21 8.88 -
1-6 7.8 175 160 0.62 | 842 4.26 8.43 -
1-7 8.5 25 160 0.60 9.10 834 8.83 -
1-8 8.5 .25 160 0.33 8.83 7.74 9.59 -
1-9- 8.5 175 160 -0.27 8.23 4.48 7.31 -
1-10 8.5 175 160 -0.24 8.26 3.71 7.61 -
1-11 7.8 25 - 160 0.82 8.62 0 0 -
1-12 7.8 - 25 160 - - - - 5.11
2-1 - 7.8 25 20 -1.34 6.46 10.2 10.9 -
2-2 7.8 100° 20 -1.93 5.87 8.35 9.22 -
23 7.8 175 20 -1.53 6.27 | 7.8 8.96 -
2-4 7.8 25 95 0.48 828 1. 9.13 11.2 -
2-5 7.8 175 95 -0.13 | 7.67 529 |- 851 -
2-6 7.8 25 20 - -143 6.37 0 0 -
2-7 8.5 25 20 -1.56 | 6.94 10.2° 10.7 -
. 2-8 8.5 100 20 -3.03 5.47. 74 | 8.68 -
' 2-9 85 . 175 20 -2.99 551 | 697 | 812 -
2-10 85 | 25 . 95 -0.52 798 | 11.2 12.0 -
2-11 8.5 175 95 -0.19 831" 49 7.89 -
2-12 8.5 - 115 0.72 9.22 9.76 12.15 -
3-1 7.8 25 20 - - 940 | 102 -
3-2° 7.8 25 20 - - 9.74 10.5 -
3-3 7.8 25 20 - - 9.91 10.1 -
3-4 7.8 25 20 - - 9.97 10.5 -
3-5 - 78 25 20 - - 9.18 10.1 -
3-6 78 . 25 20 - - -0 0 -
3-7 8.5 175 160 - - 3.62 5.17 -
3-8. 8.5 - 175 160 - - 6.07 7.51 -
3-9 8.5 175 160- - - 421 5.50 -
3-10 8.5 175 160 - - 5.30 7.53 -
3-11 85 | 175 160 - - 5.17 421 -
3-12 8.5 175 160 - - 0 0 -

Values for pH, SRP and TP for each sampling event are listed in Appendix I1I.




Table4.2  Order of entry of alkalinity, pH, calcium and hours variables into stepwise
' regression for pH change with initial F-to-enter values. .

Order of Entry Variables F-to-enter .
1 Constant -
2 - Alkalinity 124.145
3 pH 75.909
4 Calcium 40.172
5 Hours 2.147

: Changes in pH were taBulated as cumulative values; pH change in bottle # 1-12 which

| conta'jné'd'the same water for the_duration of the two week experiment, was not analyzed. In future
-éxperiments the pH SRP and TP could be measured for water containing fertilizer over 1 - 2
weeks; however, the purpose of this experimeht Wés to determine changes over tifne. The
maximum and minimum cﬁ‘mul'ative pH changes for two water types is shown in Table 4.3 with

. the variables related, in bfackéts, in terms of _thé highest or lowest in the range analyzed.

Table4.3  Maximum and minimum cumulative pH change over the two week experiment.

pH Alkalinity Calcium pH Change
: _ (units) (mg/L as CaCO,) (mg/L as CaCO,) (units)
Minimum- 8.5 (high) .20 (low) 175.(high) -3.0
Change "
Maximum 7.8 (low) 160 (high) 25 (low) - +2.0
Change : ‘ s o -

The relation of the vériables to the cumulative éhange inpH is gi_ven by the following equation:

pH Change = 0.01 1[Alkalinity] - 1.214[pH] - 0.004[Calcitim] - 0.001 [Time] + 8.897 [4-1]
‘where r* = 0.818; and standard error = 0.420. : _

. The blank, containing Nifex mesh but no . erti.lizer', hada totai pH change of 0.82 units for
wafer of pH=738, [Ca®] =25 mg/L as CaCO, and alkalinity = 160 mg/L as CaCO,. The
' >»pos'itch‘ pH changé over tiiﬁe was likely due to an equilibrium forming between the water

- solution, the Nitex mesh and air space in the bottle during mixing on the tumbler apparatus.
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422 1.2 Alkalinity Change

’ iAlkalinity valnes.were rneasured in'water containing fertilizer granules throughout a 24
| hour period. They were found to change »very little (10 - 20 mg/L. as CaCO;,) from the calculated
. ori 'ginal values (Table 4.4) so rneasurements_for this parameter Were not continued in further

~ experiments.

| Table 4.4 Alkalinity of water exposed to fertilizer granules for 24 hours.

Bottle # | pH (units) / [Ca®*] | = Alkalinity - - Alkalinity
(mg/L as CaCO,) (mg/L as CaCO,) | (mg/L as CaCO,)
' in bottles calculated original |- after 24 hours
1 7.81.25 158 171
2 _ “ 158 170
3 7.87100 158 173
4 B 158 169
5 7.8/175 o 158 - ’ 175
6 S 158 167
7 . 85/25 ' 167 177
8. . I | 167 . 174
S 85/175 167 189
10 -« 167 - 182
11 "7.8/25 158 : 158

| 4.2.2.1.3 Total Ammonia Released

| ; | Ammonia released over the 286 hour (2 week). penod was found to be 5.11 mg/L froma
: ; bundle of f ertllizer wel ghing 0.1003 g. Pons (1994) reported that the nitrogen content in the |
fertilizer was.8 %, so the total ammonia in the fertilizer bundle assuming 100 % ammoma as

' ’nitrogen was 8 m g Therefore the: % N released after 286 hoursin 1L of Water was 64 % as

NH,, or 0.0178 mg/hr ass__nmmg a linear release rate. ‘ |

4.2.2.1.4 Standard Devrations of Phosphoms Release

The third experiment (Table 4.1) determined the standard devrations of TP and SRP
' _.releases under two water chemistry conditions. Bottles # 3-1 to # 3-5 contained water of pH=

7.8 units, alkalinity =20 mg/L as CaCO,, and calcium = 25 mg/L as CaCO; and bottles #3-7 to

# 3.‘-.'11 contained water of pH = 8.5 units, alkalinity =‘_l6O mg/L as CaCO;, and calcium = 175




mg/L as CaCO Bottles #3- 6 and #3-12y were blanks for each water type The calculated values
| for phosphorus release f rom fert111zer pellets nonnallzed to one gram d1d not alter the results of »

| TP and SRP released

On several occasrons the TP data had been less than the SRP data and reruns were not :
able to correct for drscrepancres in the results These drff iculties were due to some unexplained -

: ﬂuctuatrons in the autoanalyzer and were only'ev1dent in this portion of the expenments.

: ‘The standard devratlons (Fl gure 4 1) for phosphorus avarlablhty (SRP and TP
| irespectlvely) in water of type pH = 7.8 units, alkalmlty 20mg/L as CaCO;, and calc1um 25
| mg/L as CaCO (bottles # 3 1 to # 3 5) were 0.276 (3 28 % of average value) and 0.311.(3.44
. %) and were O 890 (19 9 %) and 1 41 (26 2 %) in water of type pH = 8.5 units, alkalinity = 160 |
‘ 'lmg/L.vas CaCOs, and calcium = 175 mg/L. as CaCO, (bottles_ #3-7to #3-11).

12
—4— ‘SRP 1-5
P % TP1-5
. P(mgL). . '
6 —4— SRP7-11
—3¢— TP7-11

2% 48 9% 144 192 240 288
. Time (hours_)

Fi gure 4.1 Standard devratlons f or two TP and SRP water chem1stry types (N—5) Cumulatrve
o phosphorus release was, plotted over trme - _ o

7 'The phosphorus releases Were Very s1mllar for bottles # 3-1to # 3 5 Whrle the releases in bottles
e # 3 7 to # 3-11 exhlbrted much greater Varratron This Vanatlon was probably due to the very

- small sample s1ze (lOO mg) and the reactlon chemistry caus1ng prec1p1tatron on the granules etc.
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at the hi g.her pH, alkalinity and calcium levels. Most of the phosphorus released in the first 24
hours was from the powdery fragmentation from the fertilizer granules solubilizi_ng Quickly.

The release rates or slopes of the curves (Table 4.5) for 0.1 g fertilizer in 1 L bottles were

similar for each group of SRP and TPreleases, with SRP having a slightly higher slope than TP.

Table'4.5 - Average slopes and r* values for two water chemistry types.
. Bottle #’s_| Slope (mg P/0.1 ghr) 4 ' r
SRP3-1t03-5 - 0.010 0.95
SRP 3-7 to 3-11 0.0035 - 0.93
- TP3-1t03-5 0.011 0.91
TP3-7to3-11 -0.0052 0.96

- _The phosphorus release rates for the fertilizer bundles, indicated by the parallel slopes, were very

consistent.

422.1.5 Stepwise Linear Regression

The presence of phosphorus in the various water solutions was evaluated to determme
which water chemrstry parameters aff ected orthophosphate availability, whether through the
dissolution of the fertilizer pellets or a reduction of solubility once in solution. The cumulative TP
and SRP values for experiments 1 and 2 (total bottles = 24) were analyzed using Systat’s
‘ stepwrse llnear regressron model (N = 105) Order of entry by the Varlables mto the stepwrse

~ analys1s (Table 4.6) 1ndlcated therr relative 1mportance as predrctors to the SRP and TP values.

Order of entry of calcmm alkahmty, hours and pH vanables into stepw1se

Table4.6
regression for SRP and TP with initial F-to-enter values.
Order of Entry ] SRP Variables SRP, F—to—enter | TP Variables TP, F-to-enter
1 Constant - Constant -
2 Calcium 94.675 Hours 50.954
3 Alkalinity 27.924 Calcium 49.934
4 Hours 13.647 pH 6.156
5 pH (not entered) 0.040 Alkalinity 1.589

pH was not entered into the 'SVRP stepwise regression; its addition did not significantly change the

r-value.




The stepwise linear regression analysis did not yield any main effects for both TP and
SRP. Calcium was a main effect for SRP, but could also be regarded as a main effect for TP
because of its similar F-to-enter values as hours, and independence (r* =0.000, Table 4.7). The
longer the pellets were in solution, the more phosphate was released. This resulted in hours
having a main effect on TP availability. Calcium was a main effect for SRP availability, and
rerﬁoved phosphorus (SRP and TP) from solution through precipitation or adsorption to the
pellets, Nitex mesh or Nalgene bottles. Removal of TP from solution was affected by pH, but it

did not affect SRP solubility. Alkalinity had a minor effect on TP but had a larger (inverse) effect

on SRP.

4 There were no interactions between the pH, calcium, alkalinity and hours vanables as

indicated by a correlation matrix (r* ) of regression coefficients (Table 4.7).

Table4.7  Correlation matrix of regression coefficients of the regression equation for

(a) SRP and (b) TP.
(a) SRP Constant Calcium Alkalinity | Hours
Constant 1.000 :
Calcium -0.59 1.000
Alkalinity -0.513 -0.000 1.000
Hours -0.576 0.000 -0.000 1.000
. (b) TP Constant pH Calcium Alkalinity Hours
Constant 1.000
pH -0.993 1.000
Calcium -0.063 0.000 ~1.000
Alkalinity -0.142 0.082 0.000 - 1.000
Hours -0.069 0.000 0.000 0.000 1.000

- Coefficients and their standard error calculated in the regression are presented in Table 4.8.

Table 4.8 Regression results for SRP and TP.

Vartable SRP Coefficient | SRP Std. Error | TP Coefficient -| TP Std. Error
Constant 9.111 0.259 17.139 1.799
pH nfa - © nla - -1.037 0.219
Calcium -0.022 "~ 0.001 -0.012 0.001
-Alkalinity -0.016 - 0.002 - 0.003 0.001
Hours 0.008 0.001 0.009 0.001
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Equations for SRP and TP using regression coefficients for standardized variables take the
general form: ‘ A | |

. SRP orTP=a [Ca“] + az[Alkallmty] +a,[T 1me] + Constant.

The phosphorus released was measured from 1 L solutions containing 0.1 g fertilizer granules
giving units of mg/0.1 g fertilizer.. |

The equations derived are as follows:

SRP (mg/0.1 g fertilizer) = - 0.022[Ca** (mg/L as CaCO;)] - 0.016[Alkalinity (mg/L CaCO;,)]
‘ + 0.008[Time (hours)] + 9.111 | ‘ [4-2]
wherer’ = 0.809, standard error = 0.941; and o -
TP (mg/0.1g fertilizer) =-0.012[Ca®* (mg/L as CaCO,)] - 0.003[Alkalinity (mg/L CaCOs)]
| + O..O(lQ[Time (hours)] - l.O37[pH (units)] +17.139 [4-3]
where I* = 0.725, standa;d 'error =0.780. -
’- These equations give cumulative SRP and TP levels released over the exposure time of the

_ fertilizer pellets to the water.

4.2.2.1.6 Graphs of Phosphorus Release

.Soluble reactive phosphorus and total phosphorus released for the various water types
"overi the two week period was calculated as a percent based on a fertilizer content of 17.’464-%
'phosphate by wei ght (I M.C. Vigoro Inc.): Examples of SRP and TP levels in varying water

conditions are shown in F1 gures 4.2 a-d, with more figures in Appendlx IV.

4.2.2.1.77 Phosphorus Release Rates

Calculation of the slopes from the first two experiments with the deletion of the (0, 0)
point gave an indication of the phosphorus release rate under varying water chemistry conditions.
Table4.9a &b glves the release rates in decreasmg order for each of the water chem1stry

conditions. Bottle # 2-6wasa blank and contained no fi ert111zer and bottle # 2-12 contained

humic water as a test for the next experiment. .
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Table49  (a) Linear regressioh Qf SRP release from fertilizer bundles.

Bottle #’s pH Ca™ . alkalimty slope r
‘ (units) | (mg/L as CaCQ,) | (ing/L as CaCO,) | (mg/0.1 g-hr)

1-1&2 7.8 25 160 0.016 0.99
2-12 7.6 - 115 0.014 0.98
2-10 8.5 - 25 95 0.014 0.95
2-4 7.8 25 95 0.012 0.94

1-7&8 8.5 : 25 160 0.012 0.99
2-7 8.5 25 ' 20 0.011 0.94
2-1 7.8 25 - - 20 0.011 0.90

1-3&4 7.8 100 160 ' - 0.0060 0.94

1-5&6 . 1.8 - 175 : 160 0.0055 - 0.89
2-2 78 ~ 100 20 0.0053 1 0.86
2-5 7.8 . 175 95 0.0052 ©0.89
2-8 85 . - 100 20 0.0051 0.84
2-3 7.8 175 20 0.0047 0.86
2-11 "85, 175 - 95 ' 0.0044 0.88

1-9&10 85 . 175 160 0.0041 0.85
2-9 ‘8.5 . 175 20 0.0034 0.84

Table4.9  (b) Linear regression of TP releasc from fertilizer bundles.

Bottle #’s pH . Ca™ . alkalinity slope r
(units) | (mg/L as CaCO,) | (mg/L as CaCO,) | (mg/0.1 g-hr)
1-1&2 7.8 25 160 , 0.022 0.97
2-12 7.6 - 115 0.016 0.98
2-10 8.5 25 95 0.015 - 0.95
1-7&8 8.5 25 . 160 0.013 0.97
2-4 7.8 25 , 95 0.012 0.95
2-1 7.8 25 20 : 0.012 0.89
2-7 8.5 - 25 20 0.012 0.94.
1-3&4 7.8 -100 : 160 0.0089 | 10.95
1-5&6 7.8 ' 175 - 160 -0.0080 1090
- 2-5 7.8 - 175 95 0.0062 0.89.
1-9&10 8.5 175 160 ‘ 0.0062 . 0.88
2-8 8.5 - 100 20 ~0.0061 0.84
2-2 7.8 - 100 20 ’ 0.0056 0.87
2-11 8.5 175 95 0.0050 - 0.85
2-3 7.8 ) 175 20 0.0050 0.84
2-9 - 85 175 20 .0.0034 0.78

The high r* values indicate _thaf fhé‘phOSphbms release rates from the fertilizer were
approximately lihear for time > 24 hours. This long-term analysis of release rate is of interest
because of the nature of the slow-release fertilizer. Higher release rates and initiél concentrations
of phosphorus released from the pellets were found for TP rather than SRP, which were expectcd

bécause_, of precipitation and complexation of orthophosphate molecules.
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Release rates of TP and SRP over the two week experiment varied from 0.0034 - 0.022 -

mg/0.1 g-hr. The lowest rate achieved for both TP and SRP was in bottle # 2-9 and resulted from

the low amount of phosphOrus released due to chemical inhibition, complexation, or precipitation.

This gave rise to the early plateau for the solution Ca®* = 175 mg/L as ‘CaCO3 and alkalinity =

20 mg/L as CaCO, in Figures 4.2 b & d.

Comparisons of the average release rates from the third experiment (to determine

standard deviations) to the release rates in water of the same chemistry from the first two

experimerlts are shown in Table 4.10.

Table4.10 Comparison of average SRP and TP release. rates (Tables 4.9 a & b) with results

from Table 4.5.
Bottle #’s | Table | SRP pH ’ Ca™ alkalinity Slope
or TP | (units) | (mg/L as CaCQ,) | (mg/L as CaCO,) | (mg P/0.1 g-hr)

3-1to3-5| 45 SRP 7.8 25 20 0.010
2-1 49a «“ “ “ «“ 0.011
3-7to3-11 [ 4.5 « 8.5 175 160 0.0035
1-9& 10 49a “ “ “o 4“ 0.0041
3-1to3-5| 4.5 TP 7.8 25 20 0.011
2-1 49b “ “ “ “ 0.012
3-7t03-11 | 4.5 «“ 8.5 175 160 0.0052
1-9&10 49b “ “ “ “ 0.0062

42.2.1.8 Percent of Phosphorus Present as Orthophosphate :

Calculation of SRP divided by TP was done to give an indication of the amount of

phosphorus that existed in the water as orthophosphate under Varying water chemistry

conditions. It also determined the cause for lower phosphorus values: whether orthophosphate

was complexed in solution or dissolution of the fertilizer was inhibited. Table 4.11 gives the SRP

! TP percent in increasing order of calcium concentratron smce calcium was the major predictor

for phosphorus availability.
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Table4.11  Orthophosphate as a fraction of total phosphorus, in solution after 2 weeks.

Bottle #’s pH Ca™* alkalinity (SRP/TP)

(units) | (mg/L as CaCO,) | (mg/L as CaCO,) - x 100

2-1 7.8 25 20 95.6
2-7 85 25 20 93.9
2-10 8.5 25 ' 95 92.7
C1-7&8 8.5 25 ~ . 160 873
1-1&2 7.8 25 : 160 833
2-4 78 - 25 A 95 81.7
2-2 7.8 100 20 853
2-8 8.5 100 20 62.1
1-3&4 7.8 - 100 160 52.8
2-5 7.8 175 95 90.6
2-11 8.5 175 95 87.1
2-9 8.5 175 20 85.8

2- : 7.8 175 - 20 62.1
1-9&10 + 8.5 175 . 160 54.9
1-5&6 7.8 175 ' 160 54.7

.The highest SRP.‘r‘e.:'léaée(‘i' in terms of TP existed independent of pH levels, but was strongly
influenced by [Ca?*] with a higher %SRP at lower Ca®* levels. The effect of alkalinity was
inconclusive, bu‘f trénds for higher amounts of orthophosphate were evident in water of lower
alkalinity. These results correlated with statistical results in Table 4.6. The difference between
[Ca™] of 100 and 175 mg/L as CaCO, on %SRP was negligible. A limiting [Ca?*] value existed

above 100 mg/L as CaCO, which impeded the release or solubility of orthophosphate.

4.2.2.2 Discussion |

The fact that the fertilizer pellet reieasé rafesi‘ were very reproduciblé ens’ureé the desired
‘amount of nutrients will be released when a calculated amount of fertilizer is added to a provincial
stream. Once the water ¢hemistry of the stream is kh;)wn, the desired nutrient addition should be

easy to calculate from equations [4-2] and [4-3]." : '

' 42221 Alkalinity and pH Change

"The chahge in water pH due to fertilizer additidn, also found by Pons (1994), was of little

concern since the concentrations of fertilizer used were significantly higher than those that are
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used 1n .fiel.d testing (mg vs. yg).'The actual change of pH in field conditions is likely to be
negligible but more thorough research in this area would be useful. The direction of pH change -
was directly related to alkalinity levels and inversely related to pH and calcium levels with

minimal dependence on the amount of time the fertilizer remained in solution. Minimum pH

| change, or maximum buffering, is achieved when the pH of the water is close to the pK of the

~ carbonate (1.e. alkalinity) system.

Alkalinity and pH levels had smaller effects than calcium on phosphorus availability inall
three experiments but were not consistent for both TP and SRP. Pons (1994) also could not draw
a conclusion for pH and alkalinity effects on phosphorus because of large standard deviations in
data. These f indings indicated that the initial pH of the water solutions do not aff; ect phosphorus
| availability, and there were no interactive effects between the variables (from statistical analyses).

‘ Howévér, pH does play an indirect role by influenci.ng thé abundance of potential phosphorus-
complexing molecules (e.g. apatite, calcium carbonate and clays) through a shifting of the
equilibruir. | |

Elevation of pH in water contéining tyjjiéal calcium ‘concéﬁtrations increases apatite

B ermation (Figure 2.5); urthér elevation (> pH 9.5) leads to formation of calcium carbonate
which coprecipitates phOsphate (Wetzel, 1975). Lowering of pH (around 5 to 6) favours high

phosphate adsorption by clays, whereby phosphélte anions are bonded to the positively charged

edges of the _cl:iys, substituting silicate in the clay structure (Wetzel, 1975).

4.2.2.2.2 AmmoniaRelease

Ammonia release, measured as 64 % over the two week period, was in the same range as
phosphorus release. Thus the even release of nutrients from the newly developed binder Daratak®
 XB-3631 was Qerif led. Pons (1994) found s_imijlar, resulté fér ammonia réléase using the same

water chemistry and fertilizer type; 62 % and 65 % of thé nitrogen was released f réfn.the'pellets

" over 2 weeks in water of pH~7.8,'alLk:211ihity =160m g/L as CaCO, and températui‘g: =11°C.




42223 Calcium, Alkalinity and pH Effects

The statistical analysis with the variables calcium, alkalinity and pH entered revealed that
calcium had the largesf effect on phosphorus availability. Calc‘ulati‘ons of SRP as a fraction of TP
(Table 4.11) suggested that there was a saturation concentration of calcium which caused
precipitation.of phosphorus. For the purpose of the developed regression equations, the effect of
calcium on phosphqrﬁs availability was assumed to be linear over the concentrations éxaxﬁiﬁed.

Table 4; 11 also revealed that SRP (<62.1 % of TP) was complexed at highef calcium and

alkalinity levels, and that the release of phosphorus from the pellets was also inhibited

(TP = 4-7 mg/L) at these levels (Table 4.1). Therefore both the complexation of orthophosphate
and inhibition of fertilizer dissolution are mechanisms which will influence phosphorus

avai_labili'ty in natural streams and rivers under certain water quality conditions.

42224 Calcium Complexes

Célg:ium hydroxyapatite, vs. other compounds in Tables 2.2 and 2.3, was regarded as the
compound causing the largest removal of phosphate in typical natural water conditions based on
its stability (pK,, = 56; Snoeyink and Jenkins, 1980). Limiting pH to 7.8, calcium to 175 mg/L as
CaCO,;, alkalinity to 160 mg/L as CaCQO,, and taking into account ionic strengths (using the '
extended Debye-Hiickel relationship for solutions whose ionic strengths do not exceed 0.1 M)
the ecjuilibrium solubility of calcium and phosphate at 11 °C in the presence of calcium’
hydroxyapatite was calculated to.be 0.0396 mg/L as CaCO, and 0.0470 mg/L respectively. These
concentrations are much lower than those in the experimental solutions suggesting, as expected,
that there are factors otﬁer than calcium hydroxyapatite which may cause the ‘threshold’

concentration of calcium described above.

Wetzel (1975) stated that in a solution system without other compounds, a calcium

- concentration of 40 mg/L (100 mg/L as CaCO,; moderately soft water) ata pH of 7 limits the

solubility of phosphate t 0 about 10 ug/L; a calcium level of 100 mg/L (250 mg/L as CaCO;; hard

water) lowers the maximum equilibrium concentration of phosphate to 1 ug/L. These values are
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within range of the phosphate concentration calculated aboife verifying the large effect calcium
has on the solubility of phosphorus_ in natural waters. However the regression equations,
(ieveloped earlier for phosphorus availability, cannot be compared with values from Wetzel
(1975). The equations were developed for phésphorus release from the pellets over time, and not

just for phosphorus cycling in the water column.

4.2.3 Experiment on the Effécts of Humic Material and Soluble Iron

4.2.3.1 Results

Solutions femov.ed from the htumbler wére,’énalyyzéd fof TP, S.:RVP,‘iern.'and 001_6ur. The
values for TP, SRPand iroﬁ over the two week cxperimeht were summed to give cumulative
values presented in Téble 4.12. Vaiues for pH, SRP éﬁd TP for each sampling e\}ent are listed in
- Appendix I1I. Alkalinity and:pH ré;nained constant at 585un1ts and 7.6 mg/L as C.laCO3
respectively which are both lower than the parameters set in the pfevious experiments, thus the
results could not be compared. The previous parameters Were set for naturally occurring stream
water chemistry levels in B.C. and not natural bog water which is higher in colour and iron,
poorly buffered, and tends to be slightly acidic (lower pH and alkalinity; Thurman, 1985). The

temperature of the cold room remained at 11 °C for the duration of the experiment.

Since iron was added to the solutions the ‘minimum’ level of cumulative iron was also
tabulated in the third column of Table 4.12. These iron values were expressed as a minimum to
account for the small concentrations present below the detection level of 0.2 mg/L in the humic

water. In bottles 1-3 the iron ‘present’ in solution came from the coloured bog water.
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T T,able4.‘12

Final cumulative values for phosphorus release and iron levels (cumulative amounts

S Values for iron added (blank + Fe added) x 7 for additlons of solutlon to the bottles Iron i

o added was either 0, 0 2 or 1 O mg/L

Dissolved organlc carbon (DOC) was measured and remained atalevel proportionate to

 the amount of colour or humic material in'the solutions (Fi gure 4 3) These 1n1t1al values were

added to bottles and measured) in varying humic water concentrations (as colour)
Bottle # | .Colour ‘ Minimum Fej+ Fe’* Present SRP TP SRP7 TP
. (units) - (mg/l) . | - (mgl) ‘(mg/L) | (mg/L) x 100
1 - 200 o - . 1.2 (blank). | 9.77 . 11.17 875
2 - 100 0 - 0.3 (blank) 10.48 11.33 . NS -
3 A50 - 0. 03 (blank) [ 13.72 . 148 - 927
4 -0 e 0 <02 - ©11.83 | 13.13 90.1
5. -0 14 S<02. 1072 | 11.44 - 93.7
6 -0 - 7.0 0.8 10.83 | 11.47 94.4
7. - 200 1.4 2.4 .91 10.48 86.8
8 100 - 14 0.9 10.77 11.95 90.1
9, 50 1.4 - <02 - 11.52 13 88.6 -
10 200 - 7. 5.0 . 931. 11.07 84.1
11 100 | - 7.0 3.1 1248 | 13.22 944
12 50 7.0 3.3 10'99 12.58 .87.4

- sl ghtly hi gher than those measured in- water exposed to fertilizer for two days (Table 4. 13)

: DOC levels af ter two days exposure to f ertlhzer remained constant or 1ncreased sli ghtly

' thereaf ter.

‘Table 4 13 Average dissolved organic carbon levels at the start of fi ertihzer 1ntroduction and
after two days of exposure.

"DOC after 2 days (mg/L)

—Colour (Gnits) Tnital DOC (mg/L).
200 — 24 18
100 12 9.0
50 7.0 6.5

- The primary concem in evaluating phosphorus availability in the presence of humic
«matenal and iron was:to determine if i iron and humic material (colour) reduced the dissolution of
phosphorus from the fertlllzer or decreased the orthophosphate levels n solution The cumulative
TP and SRP values for this experiment (total bottles = 12) were analyzed usmg Systat s stepwise'
linear regress1on model (N 84). Order of entry by the variables into the stepw1se analy81s |

‘(Table 4.14) indicates their relative importance as predlctors to the SRP and TP Values ‘
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- Table4.14  Order of entry of time, colour and iron variables into stepwise regression for SRP
and TP with initial F-to-enter values.

Order of Entry . SRP SRP, F-to-enter TP - TP, F-to-enter

1 Constant - Constant -

2 Time ' 119.727. Time 191.263
3 ‘Colour 15.126 Colour : 6.953
4 Iron (not entered). 0.048 Iron (not entered) 0.006

The statistical analysis determined that iron was not a good predictor of SRP or TP release; time
was the best predictor of SRP and TP release followed by colour. Higher colour levels resulted in
less SRP and TP release, while longer time in solution resulted in more phosphorus release from

the pellets.

As expected, there were no interactions found between colour and time variables

(Table 4.15); they affected SRP and TP release independently.

Table4.15 Correlation matrix of regression coefficients of the regression equations for both
SRP and TP. '

Constant Colour Time
Constant 1.000
Colour -0.528 1.000
Time -0.722. -0.000 - 1.000

Coefficients and their standard errors calculated in the regression are presented in Table 4.16.

Table 4.16 Regression results for SRP and TP.

Variable SRP Coetficient SRP Std.‘Erﬁ)r TP Coeff i_gient TP Std. Error
Constant 7.947 0.204 8.393 0.203
Colour -0.009 0.001 -0.007 0.001
Time 0.014 0.001 0.016 0.001

Equations for cumulative SRP and TP values using regression coefficients for standardized

variables are as follows, with a plot of phosphorus release vs. colour in Figure 4.4:

SRP (mg/O. 1 g fertilizer) = - 0.009[Colour (units)] + 0.014[Time (hours)] + 7.947  [4-4]

where r* = 0.749, standard error = 0.835; and
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- TP’ (nig/O.l g fertilizer) = - 0.007[Colour (units)] + O.QlG[Time (hours)] +8393  [4-5]
where r* = 0.778, standard error = 0.830.

" The release rates for any day can be determined by dividing the above equations by time:

SRP release rate = - 0.009[Colour] / [Time] + 0.014 + 7.947 / [Time]; and [4-6]

TP release fate = - 0.007[Colour] / [Time] + 0.016 + 8393 / [Time]. ' 47
16 + } - . —&—— SRP, colour =
14 1 ‘ 200
1 —&—— SRP, colour =
Phosphorus 100
(mg/0.1 g 10 ¢+
fertilizer) gl s —0O—— SRP, colour = 50
6 4 : ——&— TP, colour = 200
4 ‘ } } / —a&— TP, colour = 100
0 100 = 200 300
—A— =
Time (hours) TP, colour = 50

Figure 44 Phosphorus release vs. colour for SRP and TP.

4.2.3.2 Discussion

4.23.2.1 Humic Maten'él Effects

For this experiment, statistical analysis of the iron and humic material variables revealed
that humic material had the largest effect on phosphorus availability. Asin the previous
experiments, phosphorus levels appeared to reach a “threshold” in the presence of humic material
(50 - 100 colour units), above which the availability of phosphorus changed minimally (Figure
4.4). This level could not be calculated due to the unknown and varied nature of the humic

material. However, the regression equations developed for coloured water having water chemistry
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w1th1n experrmental ranges allow f or easy calculation of cumulatlve phosphorus levels or
phosphorus release rates. The effect of humic material on phosphorus availability was assumed "
to be linear over the concentrations examined. These calculatrons are only possrble if the duratron

of fert1l1zer application and water colour levels are known.

Table 4.12 also revealed that SRP / TP did not change with higher iron and humic
_ material levels, indicating that the limiting factor for phosphorus availability in humic water was
dissolution of the pellets and not complexation of SRP. Therefore the humic material would have

bound to orthophosphate molecules in the fertilizer and effectively ‘coated; the pellets. . -

4.A2.3.2.2‘ Iron
Surprisingly.iron did not affect phosphorus release from the pellets, but opportunity for
removal from solution existed.in the experiments. [ron removal without the influence of humic
| maten'al was er/ident in bottles 5 and 6 (Table 4.12); Fe>* was removed but SRP and TP were not

signif; iearltly affected. Potential sources of removal include:

(1) adsorption to the sides of the Nal gene containers during the experiment (they were acid
Washed after each water change which removed adsorbed iron and provided more binding
srtes ’); | |
(2 adsorptlon to fertilizer granules and Nitex mesh (colour change apparent at end of two week
expenment),
(3) precipitation as irorl hydroxides; and .

@ cornplexation with humic material.

~Gerke and Hermann (1992) found that the main difference between P-adsorption by humic-Fe- -
- surfaces and by amorphous Fe-oxide was the approximate tenfold higher adsorption capacity of .

the humic-Fe-surfaces:

The interaction between humic substances and iron involves the weakly acidic carboxylic

and phenolic functional groups contained within the humic substances resulting in stability
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constants that change proportional to pH and inversely proportional to ionic strength (Schnitzer

and Khan, 1972).
COO R . HooC COO-Fe(OH) 5
/( H) n Fe(OH)2* n=2( ‘)\ - Fe(OH) 2 ,
R\ Om2 - /R\COO\FeOH, +3H
(OH)m PO o7 o— .

Figure 4.5 Interaction of humic acid and iron hydroxides (adapted from Schnitzer and Khan,
1972). Iron is bound as Fe(OH)," in the pH range of 3-8 units.

These iron-humic material complexes are then able to bind phosphate, shown in Figure 2.6. -

- Schnitzer and Khan ( 1972) also found that in the absence of Fe** (and AP"), fulvicacid (a small

humic acid molecule) did not react with phosphate. This observation demonstrated an interaction

between humic material and phosphate, with thé presence of iron enhancing the bonding of

phosphate. Therefore, the pfeserice of iron could be indirectly related to phosphate removal by

“humic materials.

Steinberg and Baltes (1984) recognized that in conditions of low pH, orthophosphate

associates with humic material in the presence of iron (Figure 2.6) making it inaccessible to algae,

' yei providing a pool of potentially available dissolved organic orthophosphate (Jones etal.,

1993).
42323 pH

Future experiments should more specifically investigate pH levels: the pH and/or ionic
composition of humic waters may affect the speciation and cycling of iron and phosphate (Jones

etal., 1993), and displacement of hydrogen ions from the ligand occurs during the formation of a

. metal chelate or complex (Figure 4.5).
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4.2.3.2.4 Dissolved Organic Carbon
The dissolved organic carbon values in the various levels of coloured water were

repliCates since DOC i1s not present in iron. DOC levels decreased initially due to complexation

- with the fertlhzer pellets and then retamed afairly constant level (Fi gure 4.3). Mouldey & Ashley

(1996) determmed that the pellets dlssolved at a slower rate after the first couple of weeks than
when ori gmally placed in Water The slight i increase in DOC levels af ter the first week is
consistent with their findings since less fertlllzer compound would be available for complexation

with DOC..

4. 3 Femllzer Solublllty Tests with Varying Water Temperature and Flow

Condmons

4.3.1 Introducti_on

- Toachieve the desired amounts of nutrients in streams requires a fertilizer which releases

ata predictable rate. The dissolution rate of the fertilizer pellets plays a vital role in determining

‘the loading rate of the fertilizer and when it should be applied to the streams. Three factors that

could affect the dissolution rate of the fertilizer pellets are temperature, stream velocity, and size

~ of the pellets (surface area to wei ght ratio). The even simultaneous dissolution of the nitrogen and

phosphorus nutrients had been verified by Mouldey and Ashley (1996), and in section 4.2.2.1.3..

A convenient application rate would be once yearly in springtime. The ideal lifespan of the pellets

would be between three and six months, depending on the specific nutrient requirements of the

‘streams.

The tHree factors, water temperature (8, 10, 14.5 °C), velocity (0.03, 0.15, 0.30 m/s) and
pellet size (2, 6, 9 g), were compared in the following experiment to see which had the largest
effect on the dissolution of the fertilizer peliets. The rate of dissolution was determined by

comparing the initial and final dry weights of the pellets.
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4.3. 2 Results

The Water quallty at the Abbotsford Hatchery was in the range of the water chemistry
used in the laboratory Jar tests (see Methodology, Table 3.2). Any changes in the dissolution

rates of the pellets due to water chem1stry were assumed to be equal for all runs.

We1 ight lost from the fert111zer pellets (as a rat1o of initial weight) was analyzed using

' Systat s stepw1se lmear regress1on model (N 390) The order of entry by the variables into the
' stat1st1cal linear regressxon analysis w1th their initial F-to-enter values were: time (1100), velocity
: ,( 12.167), size (6.491) and temperature (O 769) Order of entry 1ndlcated the variables’ relative

1mportance as predlctors to the wei ght loss of the fertilizer pellets.

Time of exposure had the largesteffect on weight loss; the longer the pellets were leftin

the s1mulated stream cond1tlons the more they d1ssolved Regression coef’ f1c1ents for the -

- R ;Vanables time (©. 863) Veloc1ty (O 174) ‘size ( -0. 128) and temperature (0.044) indicated that

R v,eloc1ty, size and temperature had avery small effect on pellet welght loss for the range of values
Studied. | | | |

No interactions were found betw_een any of the variables (Table 4.17).

Table4.17 Correlation matrix (r’) of regress1on coef’ f1c1ents of the regression equation for

pellet weight loss
Constant [ -Time Velocity | Size | Temperature
Constant - 1.000 ‘ :
Time -0.205 1.000
Velocity -0.294 - 0.000 . 1.000
‘Size -0.478 - 0.000 0.000 1.000
Temperature -0.777 0.000 -0.003 0.000 1.000

Coefficients and their standard error calculated in the regression are presented in Table 4.18. -

Table 4.18 Regression'results‘for pellet weight loss.

Standard Error

Variable Coefficient
Constant -0.009
Time <0.001
Velocity - 0.018
‘Size _ 0.008
' Temperature 0.007




The equation for weight loss (ratio = weight lost / initial weight) using regression coefficients for

standardized variables takes the general fi orm:

ratio = a,[Time] + a,[Velocity] + a;[Size] + a,[Temperature] + Constant

The equation derived is as follows:

ratio = 0.002[Time (days)] + 0.132[Velocity (m/s)] - 0.004{Size (g)] +
0.001[Temperature (°C)] + 0.074 ’ [4-8]
where r* = 0.793, and standard error = 0.036. |

Since size and temperature did not have a large effect in weight loss, the 9 g pellet size
z{ﬁd 9.7 °C water terﬂpemture were chosen to demonstrate pellet weight loss exposed to varying
water velocities (Figure 4.6). There was no difference betweeﬁ 0.15 and 0.30 m/s velocities, and
the very slow flow of 0.03 m/s is not indicative of many streams. Theref oré, wei ghtloss of the
fertilizer pellets in streams depends only on time, and indicates the pellets h_ave a constant

dissolution rate.

100 - —8— 0.03m/s

—G——0.15 m/s

T LB RA

Weight Loss 10 -
(%)

T 7 1101771

1 1 1 L IIlII: 1 1 IIlIIl:

1 | 10 100

Timé (days)

Figure 4.6 Log plot of average percent weight loss for 9 g pellet exposed to three velocities in
9.7 °C water over an 88-day period.
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A linear regression of log average weight loss vs. log time for velocities 0.15 and 0.30
m/s gave r* values of 0.983 and 0.969 respectiv_ely;.An éverage of regression coefficients for the

two velocities resulted in the equation:
log % Weight lost = 0.392 [log Time (days)] +0.688 [4-9]

and is true for Velocities >0.15m/s. .

4.3.3 Discussion

The results iﬁdiéate thatitis possiblé to héve areliable stream -femlizer application
through the.usc of the slow release pellets. Maximum weight losses were 'measured due to the
complete exposure of the pellets to flowing water. In field conditions, parts of the pellets are
wedged between rocks and substrate which limits water flow over theif surfaces. Whole pellets
can be wééhed to slower flowing pbols depending}oxll‘t}.le size of the pellet and the velocity of the
stream, and some pellets may have algae and microbial growths on tﬁe surface depending on
amount of sunlight exposure and water temperature (Section 3.3). All these field conditions
would contribute to a slower release of nutrients from the fertilizer pellets compared to rates

measured in this experiment.

The observation that temperature did not affect the pellet fertilizer’s dissolution rates was
supported by Dr. Bob Rehberg (I.M.C. Vigoro Inc.) and Pons (1994). LM.C. Vigoro Inc. found
that dissolution rates between 20 - 40 °C were not related to pellet dissolution due to the

chemistfy of the fertilizer (Rehberg, 1997, pers. cdmm.).

Dissolution of the fertilizer independent of stream temperature and velocity is important
because in‘thé spring and summer, when nutrients are needed, these stream conditions change
significantly. Further experiments should include a wider temperature and velocity range present

in B.C. streams during spring and surhmer months (6 -25°C;0.1-2m/s). Since temperature
and veldcity of the stream did not play a large role inifer_tilizler dissolution, the amouhi of slow

release pellet fertilizer required for a stream is a function of nutrient concentration needed.
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Size does not playa large factor in the dissolution rate of the pellets which allows for
convenient calculations of amounts of fertilizer needed. One practical aspect is that size can be
used to: determme the length of time the stream is to be fertilized the larger the pellets, the longer
‘the res1dence time in the water. Theoretically, size was expeeted to affect the dissolution of the
pellets since surface area is related to dissolution rate, however the small range of sizes tested and

available for practical application in streams ensures a minimal effect of pellet size on dissolution

rate.

To achieve optimal fertilization, diff erent pellets could be manufactured having different
release rates (depending on binder type and its quantity in the pellets) and sizes, so the length of
riutrient release could be customized for specific streams, based on the constant dissolution rate

of the fertilizer pellets..

4.4 Periphyton Growth Tests with Various Amounts of Fertilizer Added

" 4.4.1 Introduction

- A correct concentration of nutrients must be added to‘streams in order to avoid ineffective
fertiliiation or undesirable algal growth. Upon nutrient addition, increases in algal abundance
: oecurs, as well as possible changes in species composition, depending on the amount of fertilizer
added. These effects were determined in this last set of experiments through additions of Various

: J’i)hosli:’)horus concentrations in fertilizer pellets to outdoor troughs.

- Four factors which affect periphyton growth rate include temperature, stream velocity,
’ -light levels and amount of fertilizer. Water temperature velocity and light exposure were
| consrstent for all periphyton blocks and troughs temperature and 11 ght levels underwent natural

\ seasonal ﬂuctuations

: Verification of the optimal fertilizer concentration to be added and extent of species
composition alteration in the streams was examined over approximately one month. Outdoor

troughs exposed to five levels of fertilizer concentration and one blank (0, 0.5, 1.0, 1.5,3.0 and
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o 5.0 ug P/L) were used. The extent of periphytoh growth was measured in terms of chlorophyll a

conterit per unit area of styrofoam substrate during two experimental periods: May 23 - June 23

and June 26 - July 31, 1995.

4.4.2 Results

The water sé{r‘n.plés for nutrient chem‘i stry were analyzed by Zenon Environmental
L@boratoriesf at upstream and downstream locations of fertilizer addition. The levels were all very
close to the detection limité of the tests sc; no freﬁdé could be determined. Six séts of samples

were taken from May - July 1995 and average upétr.eam‘results were as follows: organic nitrogen,

< 0.04 mg/L; total nitrogen, < 0.05 mg/L; NH,, 0.005 mg/L; NO,, <0.001 mg/L; NO, + NO,,<

"~ 0.005 mg/L; SRP, 0.004 mg/L; and TP, 0.007 mg/L. Water temperature averaged from 14 to 19

°C from May 23 to June 27, aklndv 18 to 23 °C from June 27 to August 1, 1995 (Figures 4.7 a &
b), and velocities remained constant at 0.15 m/s. Silt accumulated on the bottom of the troughs

over the course of both experiments, but none was observed on the raised periphyton blocks.

4.4.2.1 Periphyton Biomass and Growth Rates

The linear and semi-log trends of chlorophyll a accrual in response to the various
f ertili.zer amounts are shown in Figures 4.8 a & b and Figures 4.9 a & b. For both experiments
the periphyton accumulation, measured as chlorophyll a, increased exponentially after the first
week for all fertilizer treatments, followed by a period of slower increase. Figures 4.8aand4.9 a
illustrate that periphyton accumulation was higher in the first experiment (May 23 - June 23) for
the 3 y'g P/L fertilizer addition than the other fertilizer levels over the first 27 days; then the

growth rate for the 5.0 ug P/L fertilizer addition increased.

However, periphyton growth in mid-summer (June 26 - July 31) behaved differently from

nutrient enrichment than earlier in the season (Figures 4.8 b and 4.9 b). Periphyton accrual was

- proportional to fertilizer added for the first 25 days, and then sloughing occurred after 28 days

for 1.0, 3.0 and 5.0 pg/L phosphorus additions. The growth rates were generally slower for this

experiment than the previous one.
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Four different methods of daté analysis were used to compute periphyton growth rates

for the two experiments (Table 4.19 a & b), where y = [chl a], a = initial [chl @], and t = time:
1) linear regression over all the data, using chlorophyll a as the dependent variable (y = a + kt);
2) same as (1) but using log chlorophyll a as the dependent variable (y = alo™);

3) linear regression over 10-27 or 11-28 days to eliminate colonization time and sloughing, using

chlorophyll a as the dependent variable; and
4) same as (3) but using log chlorophyll a as the dependent variable.

For methods 3 and 4 the periphyton growth ratg_as?, measured as yg Chl a-m™-day ', were
calculated starting at 10 or 11 days, with the starting day chosen by visual exarhinatioh to allow
for colonization time (Bothwell, 1997, pers. comm.), and ending at 27 or 28 days before

sloughing occurred.

Table4.19a Growth rates, ‘k’ as ug Chl a'm™day™, of periphyton for the May 23 - June 23

experiment.
Fertilizer | Days 3-24 | 3-24 3-24 3-24 10-27 | 10-27 10-27 10-27
Amount | y=Chla i Chla | logChl : log Chl Chla i Chla | logChl i logChl
(ugPIL) |- a a a a
k i r k r k r k r
0 375 0.912 | 0.0970 0.894 54.0 0.910 [ 0.0549 0.998
- 0.5 286 0965 | 0.113 0.845 403 : 0.932 | 0.0506 0.999
1.0 415 0961 | 0.123 0.842 544 0.959 | 0.0515 0.999
1.5 427 0.937 | 0.130 0.866 615 0.937 | 0.0610 0.998
3.0 669 0.893 1 0.136 0.866 851 0.926 | 0.0597 0.998
5.0 473 0.887 | 0.146 10.905 647 0.956 | 0.0783 0.997

Table 4.19b Growth rates, ‘K’ as ug Chl a-m™>day™, of periphyton for the June 26 - July 31
experiment. '

Fertilizer | Days 4-25 i 4-25 4-25 4-25 11-28 ; 11-28 | 11-28 11-28
Amount | y=Chla :{ Chla | logChl i logChl | Chla i Chla | logChl | logChl
(ug P/L) a a a a

k r k r k r k r’

0 25.9 0.855 | 0.0526 0.753 21.6 0.806 | 0.0207 0.999
0.5 71.2 0.936 | 0.0658 i 0.797 57.1 0.838 | 0.0254 0.999
1.0 85.1 0.933 { 0.0730 0.766 789 i 0934 | 0.0280 ; 0.9995
1.5 70.0 0.949 | 0.0680 0.734 874 : 0935 | 0.0315 i 0.9998
3.0 115 0.975{ 0.0717 0.718 148 0.937 | 0.0324 | 0.9998
5.0

157 0.962 | 0.0816 0.739 148 0.975 | 0.0321 0.999
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The best method, judged by high r* values, of computing periphyton accrual rates fora
specific phosphorus concentration after colonization (~10 days) was by a least squares (log-

linear regression) fit of the chlorophyll a levels over time to the equation:

y=a- 10
where y is the Chl a concentration (xg/m?) at day ¢, a is the initial chlorophyll a concentration,
and k is the specific net growth rate, measured as yg Chl a-m™>-day™ (Bothwell, 1988). Horner

~and Welch (1981) also found orthophosphate concentrations to demonstrate a 1 hi ghly significant

pos1t1ve association with chlorophyll a.

The growth rates, k, were expressed as a proportion of the maximum rate, k___, from each
experiment (k/k__ ) to account for variation in temperatufe light and other physical factors
(Bothwell, 1985) Only data from the early part of the experiments were used to characterize
exponential growth. A plot of K’k . vs. added phosphate levels (Fi gure 4. 10) shows penphytlc
algal growth saturated at phosphate additions ~ 1.0 ug/L for May 26 - J une 5 in the i irst

experiment.
1.
0.95 ¢
0.9+
10.85 +
0.8 1
k/k max 0.75 -

0.7 —=— May 26 - June 5

0.65 - » |

0.6 1 ——June 30 - July 10 |

.0.55 4

0.5+t e Ly
0 1 2 3 4 5

P Added (ug/L)

Figure 4.10 Normalized periphyton growth rates in response to phosphate addition.
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A saturation level and optimal P addition could not be determined for the June 26 - July 31

experiment because colonization occurred very quickly and not enough samples were taken.

Models of chlorophyll a content per unit area of substrate for the different fertilizer
treatments (Table 4.20) were calculated using Systat’s linear regression model (N = 54) for both
experiments to give equations of the form:

. Chl a or log Chl a = a,[Time] + a,[P].

Table 4.20 Re'gress'io_n .regui'ts for éhlorophy.ll a.‘;

Standard

Experiment | Method . - - .Regression Equation - ro. Error of
] i s ‘ Estimate -
May 23 - : o : o :
June 23 1 Chl a = 0.801[Time] + 0.267[P] 0.713 3025.499
“ 2 log Chl a = 0.851[Time] + 0.153{P] - | 0.747 0.523
“ 3 Chl a =0.712[Time] + 0.351[P] 0.630 2732.666
N 4 log Chl a = 0.638[Time] + 0.351[P] 0.530 - 0.393
June 26 -
July 31 1 Chl a = 0.715[Time] + 0.446[P] 0.710 549.231
“ -2 log Chl a = 0.763[Time] + 0.259[P] 0.650 0.345
“ 3 Chl a = 0.597[Time] + 0.681[P] 0.820 395.753
« 4 log Chl a = 0.599[Time] + 0.657[P] 0.790 0.134

.Chlorophyll @ accrual in terms of phosphorus levels and fertilization period could not be
represented by a single equation. For.the May to June experiment the regression mOdei
(method 2), developed 6§er ail 'thév data_(3 - 27 days), had the best fit baséd on r* values. However,
for the J une'to' July expell‘ivment‘t.h’e shorténed linear model (11 to 28 days) had the highest r2
value. These disparities likely arise from dif ferent environmental conditions and peﬁphyton'al gal
species over the course of the two eXperiménts. The equations caﬂ also be used basedvoln Water
temperatures: from May 23 - June 23 the temperature averaged 14 - 19 °C, and from June 26 -

July 31 they averaged 18 - 23 °C.

4.4.2.2 Periphyton Community Composition

Periphyton was sampled on three occasions for species composition: June 19, water
temperature = 17.5°C; July 10, T = 20.5°C; and July 17, 1995, T = 21 °C. Some distinct shifts
of algal species abundance in relation to different fertilizer concentrations were appérf_:nt.(Table

83



4.21). Abundant species included éhrysophyta and cyanophyta divisions (Figure 4.11) with the
majority of the communities comprised of diatoms. The blue-green Oscillatoria sp. remained at
low numbers for all treatments but increased with phosphorus levels for only the June 19

sampling. .
'The most abundant diatoms included:

e Diatoma sp., and Melosira varians which increased with phosphorus levels for June 19 and
July 10 samples, and Tabellaria fenestrata which decreased with P levels over the same time

frame;

*  Gomphoneis sp., Synedra ulna and Tabellaria flocculosa which increased with P levels for

all samples, and F. ragildria virescens which decreased with P levels over the same _time frame;

* Fragilaria capucina which increased significantly with P for June 19 and July 17 samples;

and

* Navicula cryptocephala and Synedra nana which increased with initial P additon of 0.5 pg/l

but decreased as P levels increased.

It should be noted that the periphyton was not sampled quantitatively and instead a

representative sample of the dif ferent types of algae were collected.
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DIVISION CLASS || ' ORDER FAMILY | Genus |
Chrysophyta Bacillariophyceae —— Centrales Coscinodiscaceae Cyclotella
(yellow-green (Diatomaceae) _ \ .
or yellow-brown . . g ‘ ' ‘ Melosira
algae) C . :

o " Pennales — Achnanthacea¢ ———— Achnanthes
Cymbellaceae < Amphora
L Cymbella
Eunotiaceae —————— Funotia
o) Eplthexmaoeae — Rhopalodia
.Fragﬂariac,eae< Diatoma
' Fragilaria
‘ Synedra
o Tabellaria
Gomphonemaceae\ Gomphonema
: Gomphoneis
Naviculaceag ———— Navicula
Surirellaceae —— Surirella
Cyanophyta Cyanobhyceae — Oscillatoriales — Oscillatoriaceae ——— Oscillatoria
(blue-green S 4

algae)

Figure 4.11 Classification scheme of abundant species of algae (adépted from Prescott, 1970)
on periphyton blocks, according to the International Code of Botanical
Nomenclature. :




4.4.3 Discussion

4.4.3.1 Periphyton Biomass and Growth Rates

This controlled field experiment demonstrated the potential fér enhancing periphyton
growth through introduction of various fertilizer concentrations (Figure 4.8 a & b). Large
dif; férences in periphyton accrual were apparent in the two experiments, with maximum values
reaching 19.5 mg/cm? for May 23 - June 23 and 3.8 mg/cm? for the June 26 - July 31 study. -
Research by Bothwell (1989) found éhlorophyll a of diatom communities on styrofoam
substrates to reach 75-200 mg/m? With similar 0.1-5 pg P/L additions January 29 to April 2,
1985, but at 50 cm/s water Veloci'ty; Stbckner and Shortreed (1978) found results similar to

Bothwell’s (1989) of 80.0 rrig/m‘2 for 0.27 pg/L phosphorus levels (N:P - 13) and 133.6 mg/m*

- for 0.29 ug P/L and nitrogen additions (11.37 pg/L NO,, N:P = 39), using 40 cm/s water

velocity. -

- Addition of the fertilizer pellets (0.5 - 5 ug/L) clearly increased the periphyton biomass.
Over 27 days, the May 23 . June 23 éxperimént resultedina7.8 - 14.5 tirﬁes increase in
chlorophyli ‘a biomass, and 1.9 - 5.1 times increase over 28 days for the June 26 - July 31
experiment. Other experiments had similaf results: Mundie et al. (1991) observed an increase of
10 pg/L phosphorus resulted ina 3.5 x iﬁcrease of chlorophyll a biorﬁass; Slaney and Ward
(1993) observed 2.9 - 24.2 mg/m® chlorophyll a accrual on artificial substrata (June 9 - August 5,

1992) during 5 ug P/L additions to the Salmon River, Vancouver Island.

Maximum increases were found for additions of 3 yg P/L in the trough experiments, due
to significant sloughing at the 5 ug P/L level. Sloughing of large quantities of accumulated
biomass can be attributed to space limitation and self-shading phenomena, whereby cells closest
to the substrate are weakened because of poor light or intolerable chemical conditions (Stockner
and Shortreed, 1978; Jasper and Bothwell, 1586). |

~ Several environmental factors such as li ght, temperature and nutrient levels could be

responsible for biomass variations between the two outdoor trough experiments. Although
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* Bothwell (1988) found seasonal variations in light levels did not influence algal grthh or

biomass, the obser\}ations' by Perrin and Johnston (1986) were more relevant for the éutdoor
troﬁ gh experiments; phototoxicity by the ultraviolet spectra reduced periphyton growth at
unshaded sites during very low flow.

Vymazal (1995) noted many planktonic diatoms have regular annual growth fluctuations
with a maximum mostly in spﬂhg. This is mainly a result of temperature, but also other
environmental conditions. Conversely, Moss (1973) found maximum growth rate temperatures
for oligqtrophié and eutrophic algal species to be between 15 and 32 °C, with the majority in the
rangé 20-25 °C, indicating summer growth maxima. Thus another factor suqh as nutrient levels
could be imporiant in biomass variations, especially if the stream headwater is from a productive
lake, such as Cultus Lake. Productivity reduces bioavailable nutrients, such as nitrogen and
phosphorus, and dissolvéd silica (Si0O,) which is important fér diatoms as well. Once the
conceﬁtration’ of dissolved silica (Si0,) drops to approximately 0.5 mg/L. most plankfonic
diatéms céase to grow becaus¢ of silica limitation (Vymazal, 1995). The ,c‘o‘mbi'na'tion of |
phototoxiéity, ‘ihcreaéed terﬁpérature and dec£eased nﬁtrient léVels can .explaih" the decreése in
periphyton biomass and growth rates for the June 26 - July 31 experirﬁental period. A |

Saturation of the relative specific growth rates of the diatom community in the Thompson

- Ruver, B.C. was dg_étermined.By'Bothwell (.1988)' atambient phospho’rus'l.éVellS of ~0.3-0.6 ug/L.

Perriﬂ etal., (1995) fdﬁnd saturation in the Athabasca River, Alberta to occur between 0.2 and 1.0 -

ug P/L. Saturation concentrations were similar in the outdoor trough experiments at Cultus Lake

and were 1.0 ug/L in early summer. Mid-summer saturation concentrations could not be :

calculated but were expected to be similar for diatom communities throughout the summer

season. Perrin et al., (1995) explained these site-specific responses by suggesting that “there are -

functional differences in the way the’respective periphyton communities respond to phosphorus
enrichment”. Vymazal (1995) also observed that the saturating concentration varies with algal

species.

It should be noted that although saturation of diatom growth rates occurs at low SRP

concentrations, the biomass continues to increase with SRP additions up to 50 pg/L (Bothwell,
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1989). The continued increase in chlorophyll a levels above the ‘saturation’ phosphate
concentrations is explained by changes in cellular to community controlled growth rates. Hi gher

phosphorus concentrations are needed to saturate and maintain growth of the denser algal

community (Bothwell, 1989).

Periphyton growth incrézised exponentially in response to phosphate additions. This can
be descn‘bed by Monod’s ceilulai growth rate kinetics: an initial cellular immigration or - |
colonization lag period is followed by exponential grthh and finally by a plateau si griif ying
physical (e. g light) and / or chémical (e.g. nutrient) limitations (Bothwell, 1989; Perrin etal.,
1995;'V.ymaza1, . 1995). Wietziol. (1975) stated that a iag phase is often not seen béfore the
dominants reach e)iponeiitial githh phases, blit it can be obseryed in the first (May 23 - June
23) experiment due to frequent sampling. However, a biomass plaiteau and decline, as Bothwell
(1989) observed in his first e.)ipveriment, wzis not present here due to the short timeif rame of this

experiment (1 vs. 2 months).

Algal growth rates, most aoourately represented by a post-colonization log model of
chlorophyll a over time (Table 4.19), ranged from 0.0506 - 0.0783 ug Chl a'm*-day™ for May

23 - June 23 and 0.0207 - 0.0324 ug Chl a-m™day™ for June 26 - July 31. However, these .

- equations were only valid over an approxiinate 10 - 28 day time frame while the algae were in

exponential growth phase. Experimerit's over a longer time frame should be performed to include

‘Monod’s plateau phase of cellular growth kinetics to determine the long-term periphyton crop

resulting from nutrient addition.

An optimél regres_sioh equation (Table 4.20) modeling chlorophyll a abundances in terms
of phosphorus levels and fertilizer pellet exposure time in streams cannot be determined from
these experiments due to varying environmental conditions between the experiments, as discussed
earlier. However, orthophosphate concentrations demonstrated a highly si gnificant (P < 0.001)

positive association with In chl @ (Horner & Welch, 1981). The equations reported here give an

. upper limit for diatom-dominated, phosphate limited streams under similar physical and chemical

conditions because of the low grazing pressure (Bothwell, 1989) and stability of the periphyton
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substrate (Aloi, 1990). Also, the maximum amount of fertilizer was dissolved under the specified
" conditions was due to exposure of the entire pellet surface area to the flowing water. The pellets
were also covered in both outdoor experiments to reduce the amount of sunlight which enhanced

algal growth on the pelléts and could inhibit nutrient release.

Perrin et al. (1995) showed that extrapolation of periphyton growth or biomass and the
Concentratién of added phoéphorus between rivers can be misleading. Effects of in situ |
interactions on pen’phyton‘ biomass need to be determined before extrapolating phos‘phorus'
cgnce’ntrations from trough to river systems. Periphyton accrual and growth rates can be affected
: by invertebrate grazers, current velocity, and rock éize or substratum stability, light levels, nutrient
concentration, nutrient ratios, and immigration of algal species from upstream. Peterson et al. |
(1993) dbserved a 2;year lag in the céntrol of epi‘libthic algae by grazers in the Kuparuk River,

‘Alaska, and attri'but»éit to the long life cycle of ffom 1-3 ‘years for the dominant insects.

Calculation of fénilizer addition for optimum periphyton growth cannot be concluded
from this experiment: léwer fertilizer additions in potential stream sites are needed over a longer
- time frame (months to yeafs). Nt'ltri.“er'l,t, amQUnf"s‘ého’uld be calculated for maximum periphyton
gro'.wth in mid-to late summer months when most enrichment is needed, but sloughing or excess

- algal growth in less oligotrophic seasons should not occur.

4.4.3.2 Periphyton Community Composition

Results from the qualifative analyses confirmed that an increase in dissolved nutﬂents
altered the algal épecies present in the stream community, and also caused denser growth in the
‘more dominant species (Peterson et al., 1985; Keithan et al., 1988; Miller etal., 1992). Nutrient
addition did not altéri species succession from diatoms toward blue-green Oscillatoria, which is

not consumed by invertebrate grazers and would inhibit fertilization efforts.

Wetzel (1975) stated that the spring maximum is usually dominated by one species and is
often a diatom. This dominance of diatoms was observed in the periphyton samples (Table 4.22)

as well as in other exp‘eri_ments; for example, Horner and Welch (1981) found algae growing on
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' flattened rock substrates cons1sted almost entrrely of diatoms; Ke1than etal. (1988) observed
benthlc algae for all nutr1ent treatments at two Pennsylvaman sites to be 96 % diatoms; and
Johnston et al. (1990) found d1atoms and green algae (chlorophytes) to dominate the al gal .

<

periphyton on artificial substrata at fertilized sites.

A. Phosphorus addrtlon to a tundra river s1mpl1f1ed the- d1atom communrty through increased
’ dommance by common specres while the rare species became more scarce; af ter six weeks of
phosphorus enrlchment the penphyt1c diatoms 1mmed1ately downstream of the addition site
showed a reduct10n ina densrty of oligotrophic indicator species, Tabellaria flocculosa (Peterson
etal. 1985)- Results from this expenment showed similar behaviour for Tabellaria ﬂocculosa in
the June 19 and July 10 data at low P loadings but 1ts densrty significantly increased for loadings
of 1.5and 3.0 ug P/L. One explanat1on could be a reduction in numbers of other competrtrve
spec1es such as Dzatoma sp.-and Synedra sp. Peterson et al. (1985) also-observed a reduction in

numbers of species per unit area after phosphorus enrichment.

Although the d1vers1ty of d1atoms has been shown to be lower in eutroph1c than -
mesotrophrc condrtrons some specres thr1ve in the eutrophic cond1t1ons (Van Raalte et al., 1976)
For example Keithan et al (1988) found Eunotia exigua to be the most abundant dratom in their
Pennsylvanla study site after phosphorus enrichment; they also found Melos;ra varians and
Diatoma vulgare to be nutrient limited. Eunotia exigua did not behave in the same fashion in the
outdoor troughs studied here, likely because of the different physical and chemical conditions;
species that reacted f avourably to nutrient addition in Cultus Lake troughsincluded Diatoma sp.,
Fragilaria capucina, Fragilaria crotonensis, Gomphoneis sp., Melosira varidns, Oscillatoria

sp., Synedrd nana (at low concentrations), Synedra ulna, and Tabellaria flocculosa.

. In situ iver experiments over several years at the Kuparuk.River Alaska (Milleretal.,
1992), resulted in the diatom community 1mmed1ately switching from one dominated by
' Hannaea arcus to one dom1nated by species of Achnanthes and Cymbella upon nutrient
addition; these changes oc_curred in Cultus Lake troughs but with other species than those named

above due to different experimental conditions. After three years the Kuparuk River community
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became dominated by the fast growing and more responsive Eunotia, Cymbella and Achnanthes
species while the numbers of established species of Hannaea, Diatoma and Fragilaria declined.
Some of the dominant species noted with a ‘slow’ positive response to P-fertilization, Tabellaria

flocculosa, T. fenestrata, and Synedra ulna, were also observed in this experiment.

Howéver, Miller et al. (1992) determined that the largest variation in community was
between years and less variation was associated with river feﬂilizati_on. Additionally, they found
that the largest change in the diatom‘conimunity, in both the ri\}"er _and bioassay tubes, oc(;lirred
betweén 15 and 25 day samples. Therefore, in order to éccurately determine the effects of nutrient
additions on algal communities, it is apparent that observations must be made over longer t_ime
frames than was done in this ¢xpé1iment. Algal growth in _Streamé }hust be observed over Seyéral
months to years‘to determiné eqailibri;im or ‘pllateauj ’ grdwth rates, and fhe ‘range of annual

variations.
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5. Conclusions and Recommendations

This study has shown that calcium (25 - 175 mg/L as CaCO,) had a larger effect than pH
(7.8 - 8‘.5 units) and alkalinity (20 - 160 mg/L as CaCO,) on phosphorus release from fertilizer

pellets. Humic material (50 - 200 colour units) was a greater predictor for phosphorus release

4compared toiron (0-1.0 m g/L) for fertilizer granules in 1 L containers on a tumbler (simulated

stream conditions) at 11 °C. Thus calcium lévels, taken as equivalent to hardness levels, can be
measured and dosages can be calculated for streams eligible for fertilization. Further studies on
phosphorus release should includé iower pH values (down to about 5 units) in order. broaden the
information available on effects of bog waters, and higher calcium levels (to about 200 - 300 -
mg/L as CaCO, for hard w‘ater; Murphy et al., 1983) so fertilizer amounts for Provincial interior
streams can be calculated. Effects of other divalent metals present in fresh waters, such as
aluminum a‘md’ maghesiﬁm,.on phosphorus feleasé would aiso be of intercst.‘ Further research

with humic materials should include pH measurements to determine extent of interactions

because hydrogen ions are displaced f rom phosphate when a metal chelate or complex is formed.

Experiments observing fertilizer dissolution in terms of weight loss in indoor troughs
with water of 8 - 14.5 °C flowing at 0.03 -.0.30 m/s over 2 - 9 g pellets determined that size,
temperature, and velocity (for > 0.15m/s) did not affect fertilizer dissolution within the ranges
analyzed. Dissoiution in the field was less (Mouidey and Ashley, 1996) than the controlled
trougﬁ studiés due to variable flows énd ‘shading’ from bottom substrate. Rather than increase
dissolution rates, large insreases in velocity are likely to carry the pellets downstream to calmer
river reaches unless sheltered by bottom substrate. Smaller experiments which could incorporate

a larger temperaturé range of 6 - 25 °C, and velocity range of 0.1 - 2 m/s as experienced by

Mouldey and Ashley (1996) in B.C. streams, would be beneficial. Also of benefit would bea

study of bottom substrate effects (e.g. sand, cobbles and small rocks) on the dissolution rate of

the slow-release fertilizer.
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| "Periphyton growth in er(pen'mental troughs at Cultus Lake, B.C. ' was found to be
: enhanced by phosphorus addltlons A saturatlon level for perrphyton growth was achleved at -
~ 1. 0 pg/L orthophosphate from May - June In June - July growth and biomass mcreased

proportlonately to f ertlhzer add1t10ns Fertlhzer treatments also altered the dominant dratom

oo spec1es A minimum level of nutrrents needed to enhance al gal blomass and subsequent fisheries ~ -

‘ productlon could not be determmed because more information is needed over longer time frames.
Site spe01f1c experlmentatlon is still needed to determme al gal responses to phosphorus loadmg
through slow- release pellet fertrhzatlon Further studles should 1nclude effects of various mtrogen

: and phosphorus ratios, substrate types and water velocmes onal gal blomass and species
‘ c_omposrtlon. '

With the neW'sl()’W—release fi ertilizer pellet productlve stream nutrient levels can be
. ma.mtamed through annual fert111zat1on applrcatlons in early summer, following the f: reshet but
 befc ore nutrients become limited by perlphyton growth An example calculatlon for stream o |
ennchment 1s1n Append1x 5. The followmg equat1ons are recommended asa bas1s for est1mat1ng

stream f ertlllzatlon requlrements

i '[4 2] SRP (mg/ g fertlllzer) =- O 22[Ca2+ (mg/L as CaCOs)] O 16[Alkalm1ty (mg/L CaCO3)] + "
~ 0.08[Time (hours)] $OLIL | | B

. “[4 3] TP (mg/ g fertrhzer) =- O 12[Ca2+ (mg/L as CaCO )] 0 03[Alkal1n1ty (mg/L CaCO3)] +
-0, O9[T1me (hours)] 10 37[pH (umts)] +17139 -

.‘ [4- 4] SRP (mg/g femhzer) - 0 09[Colour (unlts)] +0. 14[T1me (hours)] + 79 47
z ~fﬁ}jﬁ’[4—5] TP (mg/ g fertlhzer) =-0. O7[Colour (un1ts)] + 0. 16[T1me (hours)] + 83.93.

| } [4-9] log % Welght lost = O 392 [log Trme (days)] + 0 688 based ona9 g pellet '
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A-1.1 Pellet weights used in each sample bottle.

.7. Appendix | - Pellet Weights (g) Used In Laboratory Experiments

- Expenment # 1 2 3 4
pH (units) 78,85 78,85 78,85 pH 5.85;
Alkalinity (mg/L ‘ Alkalinity =7.6
as CaCQ,) 160 20, 95 20, 160 (mg/L as CaCO,);
Calcium (mg/L as : [Fe]=0.2, 1.0mg/L;
CaCO,) - 25,100,175 | 25,100,175 25,175 Colour=200, 100, & 50
' o units
Bottle # 1 0.1009 0.0999 0.1000 0.1000
2 0.1003 0.0999 0.1007 0.1001
3 0.1001 0.0999 0.1000 0.1003
4 0.1004 0.1005 - 0.1001 0.1004
.5 0.1005 0.1007 -0.1005 0.1004
6 0.1000 0 -0 0.0999
7 - 0.1006 0.1002 0.1000 -0.1001
8 0.1002 0.1003 0.1003 0.1005
-9 0.1007 0.1003 0.1001 0.1005
10 - 0.1002 0.1003 0.1000 0.1001
11 - 0 0.1002 - 0.1001 0.1004
12 0.1003 0.1006* -0 0.1002

A-1.2 Pellet weights converted to phosphorus wei ght, based on 17.46 % P in the fertilizer.

Experiment # 1 .2 3 -4
pH (units) 7.8,8.5 78,85 78,85 pH 5.85;
Alkalinity (mg/L Alkalinity =7.6
~ as CaCOy,) - 160 20,95 20, 160 (mg/L as CaCO,);
Calcium (mg/L as [Fe] =0.2, 1.0 mg/L,;
CaCO,) 125,100,175 | 25,100,175 25,175 Colour=200, 100, & 50
units
Bottle # 1 0.01762 0.01744 - 0.01746 0.01746
2 0.01751 0.01744 - 0.01758 0.01748
3 .01748 - 0.01744 10.01746 .001752
4 -0.01753 0.01755, 0.01748 0.01753
5 0.01755. 0.01758 0.01755 0.01753
6 0.01746 0 0 0.01745
7 0.01756- 0.01749 0.01746 0.01748
8" 0.01749 0.01751 . | 0.01751 0.01755
9 0.01758 . 0.01751- | - 0.01748 0.01755
10 0.01749 - 0.01751 | 0.01746 0.01748
11 0 0.01749 0.01748 0.01753
12 0.01751 0.01756* -0 0.01750

* Humic water containing pH 6 and alkalinity = 115 mg/L. as CaCO,.
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8..; Appendix Il ’-..' Data for Pellet Drying Time

Large (Q 9 g) pellets in 105 °C oven :

A2.1 TEST1

Dry Weight (A)| Oven Dry Weight(B)| A-B Time 1n Oven (hours) || % Weight Lost
9.7 1 9.66 0.04 0. 0.41
9.67 . 9.64 - 0.03 0 031
-9.87 1 9.83 0.04 0o . 0.41.

- 9.36 9.04 - . 032 2 3.42
9.22 8.95 0.27 2. 2.93
9.47 '9.19 0.28 2 12.96
9.72 933 0.39 -3 4.01
9.47 9.09 - 0.38 3 4.01
10.1. . 9.69 0.41 3 4.06

S 988 9.19 0.69 12.6 6.98

9. . 833 - 0.67 12.6 7.44
8.76 8.15 - 0.61 12.6 . 6.96
22 TEST 2 (additional drying times) ,

Dry Weight (A)| Oven Dry Weight(B) | A-B Time in Oven (hours) || % Weight Lost

- 885 |- 8.38 ' 0.47 ' 2 531

.9.64 19.25 0.39 2 4.05

1977 . 936 0.41 2 4.20
10.11 . 97 - 041 3 4.06

- 9.23 - 8.85 . 0.38 3 4.12
- 8.66 8.26 . 04 3 4.62
9.39 - . 894 0.45 4 479
92 - 8.69 . -0.51 4 554 -
9.93 9.47 0.46 4 4.63
8.82 83 0.52 -6 590
9.52 8.97 055 6 - 5.78
9.64 9.09 0.55 6 . 571
9.48 8.85 0.63 8 6.65
9.69 - 9 - 0.69 8 7.12

NOTE: Pellets were sdaked'f or 12 hours before drying in oven. |

A23 Averagés

Time in Oven (hours)} % Weight Lost
‘ 0 0.375959158 -

2 ]..3.809470478 o[ . -
3.7 ] 4.145960219 |
4  4.989412506

6 - | 5.792798908 -

8 VI 6.883156327 |

12.6- | 7.130573477
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Small (~2 g), medium (~ 6 g) and large (~ 9 g) pellets in 70 °C oven

4.87

TEST 3
A-2.4 Large Pellets
Dry Weight (A)| Oven Dry Weight A-B Time in Oven (hours)|| % Weight Lost
| (B) .
9.07. 9.04 0.03 0 - 033
9.83 9.8 0.03 0 0.31
9.49 9.47 0.02 0 0.21
9.84 9.74 0.1 1 1.02
-9.24 9.16 0.08 1 0.87
8.94 8.86 0.08 1 0.89
9.79 9.67 0.12 2 1.23
9.31 9.19 0.12 2 1.29
9.49 9.34 0.15 4 1.58
9.47 9.34 0.13 4 1.37
9.63 9.51 0.12 4 1.25
9.66 9.54 0.12 4 1.24
8.84 8.72 0.12 -5 1.36
10.03 9.89. 0.14 5 1.40
9.44 9.28 0.16 5 - 1.69
9.35 9.18 0.17 8 "1.82
9.41 9.24 0.17 8 1.81
- 9.66 9.49 0.17 8 1.76
9.77 9.57 0.2 12 2.05
9.22 8.97 0.25 12 271
10.15 9.94 0.21 12 2.07
9.41 9.19 0.22 24 2.34
8.91 872 0.19 24 2.13
9.08 8.84 0.24 24 2.64
A-2.5 Medium Pellets
Dry Weight (A)| Oven Dry Weight . A-B Time in Oven (hours)|| % Weight Lost
(B) '
4.31 429 . 0.02 0 0.46
- 4.69 4.67 0.02 0 0.43
4.52 4.5 0.02 0 0.44
4.34 43 0.04 1 0.92
5.01 3.98 1.03 1 . 20.56
5.61 5.55 0.06 2 1.07
4.55 4.49 0.06 2 1.32
59 5.66 024 . 5 4.07
5.48 5.23 0.25 5 4.56
6.39 6.12 0.27 8 4.23
6.28 5.98 03 .. 8 4.78
5.77 5.51 0.26 - 12 4.51
6.63 6.32 031 12 4.68
6.34 6.01 033 . 24 521
5.13 - 0.26 5.07 -




A.2.6-Small Pellets~

Dry Weight (A)[ Oven Dry Weight | = A-B Time in Oven (hours)|{ % Weight Lost
, -(B) ' - -
2.74 . 274 0 0 0.00
3.02 3.01 0.01.. 0 . 0.33
3.12 3.11 0.01° 0 0.32
3.01 3.01 0 1 0.00
2.73 2.7 0.03 1 1.10
3.19 3.14 0.05 2 1.57 .
2.79 2.76 0.03 2 1.08
2.76 2.7 0.06 5 2.17
2.94 2.89 0.05 5 1.70
3.11 3.04 0.07 8 2.25
2.93 2.87 0.06 8 - 2.05
2.42 2.36 0.06 12 2.48
2.74 2.7 0.4 12 1.46.
3.12 3.08 - 0.04 24 1.28
32 3.17 0.03 24 0.94

277 Average Weight Lost

Hours in Oven Large - Medium Small
0 0.28 0.44 0.22
1 0.93 0.92 0.55
2 - 1.14 1.19 1.32
4 "~ 1.36
5 1.48 4.31 1.94
8 1.79 4.50 2.15
12 2.28 4.59 1.97
24 2.37 5.14 1.11

" A-2.8 Average percent weight lost vs

. drying time in 70 deg C oven.

% Weight3
Loss

6.00 T
5.00 +
4.00 +
00 +
2.00 4

10 20

Time (hours)

—8&— Large

—O—— Smal

—&8—— Medium
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9. Appendix lll - pH, SRP and TP Values for Each Experiment

EXPERIMENT 1 (Figure 3.2)

BH Values

. A-3.1 Cumulative change in pH (pH units) from addition of fertilizer (June 17-28, 1994)

Batch # - 1 2 3 4 5 6 7
‘Cumul. Hrs. 24 48 96 144 192 - 240 286
| Bottle #1 0.22 0.73 1.13 1.39 1.75 2.06 2.18
2 0.1 0.5 0.89 1.23 1.57 .77 - 1.98
3 0.01 0.21 0.44 0.63 0.89 0.99 1.1
4 -0.01 0.17 0.36 0.47 0.67 0.82 0.95
5 -0.03 0.08 0.13 0.24 0.42 0.53 0.62
6 -0.07 -0.01 0.09 0.19 0.38 0.52 0.62
7 -0.33 -0.08 0.06 0.06 0.32 0.46 0.6
8 -0.33 -0.1 0.02 0.02 0.18 0.26 0.33
9 -0.33 -0.3 -0.34 -0.32 -0.26 -0.24 -0.27
10 -0.36 -0.29 -0.35 -0.33 -0.24 -0.23 -0.24
11 - 0.12 0.35 0.42 0.49 0.7 0.76 0.82
A-3.2 Average of duplicates
Batch # 1 2 3 4 5 6 7
Cumul. Hrs. 24 48 96 144 192 240 286
Bottle # 1-2 0.16 0.615 1.01 1.31 1.66 1.915 2.08
#3-4 0 0.19° 0.4 0.55 0.78 0.905 1.025
. #5-6 -0.05 0.035 0.11 0.215 04 0.525 0.62
#7-8 -0.33 -0.09 0.04 0.04 0.25 0.36 0.465
- #9-10 .-0.345 -0.295 |- -0.345 -0.325 -0.25 -0.235 -0.255
#11 0.12 035 0.42 0.49 0.7 0.76 0.82
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A-3.3 Cumulative pH change for water having alkalinity = 160 mg/L as CaCO,.

2.5

2 .

1.5

pH Change
(pH units)

Time (hours)

24 48 96 144 192 240 286

—O0—— #1-2: pH 7.8,
Ca=25mg/L

—O0—— #3-4:pH 7.8,

Ca=100mg/L

—A—— #5.6: pH 7.8,
Ca=175mg/L

—&— #7-8: pH 8.5,
Ca=25mg/L

—A—— #9-10: pH 8.5,

Ca=175mg/L

——X—— #11: Blank

SRP Values

‘A-3.4 Individual batch change in SRP (mg/L) from addition of fertilizer (June 17-28, 1994)
(* =filtered)

2% | 3% 4% 5

Batch # 1% 6 7
Indiv. Hrs. 24 24 48 48 48 - 48 48
‘Bottle # 1 6.42 0.57 0.73 0.89 1.02 0.74 0.63
: 2 6.9 0.74 0.79 0.71 0.57 0.56 0.57

3 2.46 0.44 0.32 031 | 0.19 0.24 0.19
4 4.09 .| . 046 0.43 0.3 0.17 0.19 0.17
5 341 | 055 | 0.54 0.31 0.13 0.14 0.13
6 2.94 0.35 0.33 0.27 0.11 0.13 0.13
7 4.62 0.68 0.7 0.67 0.68 0.53 0.46
8 4.67 0.58 0.62 0.49 0.44 0.43 0.51
9 3.13 0.45 0.43 0.21 0.08 0.09 0.09
10 2.66 03 0.33 0.17 0.09 0.09 0.07
11 <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
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A-3.5 Cumulative change in SRP (mg/L)

Cumul. Hrs. 0 24 48 96 144 192 240 286

[ Bottle # 1 -0 6.42 6.99 772 | 861 9.63 10.37 11
2 0 6.9 7.64 8.43 9.14 9.71 10.27 10.84
3 0 2.46 2.9 3.22 3.53 3.72 3.96 4.15
4 0 4.09 4.55 4.98 5.28 5.45 5.64 5.81
5 0 3.41 3.96° 4.5 4.81 4.94 5.08 5.21
6 0 2.94 3.29 3.62 3.89 4 4.13 4.26
7 0 4.62 53 6" 6.67 7.35 7.88 8.34
8 0 4.67 5.25 5.87 6.36 6.8 7.23 -7.74
9 0 3.13 3.58 4.01 4.22 4.3 4.39 4.48
10 0 2.66 2.96 3.29 3.46 3.55 3.64 3.71

- A36 Average of duplicates

" Batch # 1 2 3 a | 5 6 7
Cumul. Hrs. 24 48 9 | . 144 192 240 286

[Bottle # 1-2] 6.66 7315 | 8.075 | 8875 9.67 10.32 10.92
#3-4 3.275 | 3.725 4.1 4.405 | 4.585 48 4.98
#5-6 | 3.175 | 3.625 4.06 4.35 447 | 4605 | 4735
#7-8 4645 | 5275 | 5935 | 6.515 | 7.075 | 7.555 8.04

#9-10 2.895 3.27 3.65 3.84 3.925 | 4.015 | 4.095

A-3.7 Standard deviation of 0.1 g releases

Baich# | ~ 1 2 3 4 5 6 7
Cumul. Hrs. 24 48 - 96 144 192 240 286 | Average

Bottle # 1-2| 0.3394 | 0.4596 [ 0.502 [ 0.3748 | 0.0566 | 0.0707 | 0.1131 | 0.27
#3-4 1.1526 | 1.1667 | 1.2445 | 1.2374 | 1.2233 | 1.1879 | 1.1738 | 1.20
#5-6 0.3323 | 0:4738 | 0.6223 | 0.6505 | 0.6647 | 0.6718 [ 0.6718 | 0.58
#7-8 1 0.0354 | 0.0354 | 0.0919 | 0.2192 | 0.3889 | 0.4596 | 0.4243 | 0.24
#9-10 0.3323 | 0.4384 | 0.5091 | 0.5374 | 0.5303 | 0.5303 | 0.5445 | 0.49

A:3.8 Cumulative SRP releases normalized to 1 g of fertilizer in bundles

24 18 6 a4 | 192 | 240 | 286

63.627 | 69.277 | 76.511 | 85.332 | 95.441 | 102.78 | 109.02
68.794 | 76.171 | 84.048 | 91.127 | 96.81 | 102.39 | 108.08-
24.575 | 28.971 | 32.168 | 35.265 | 37.163 | 39.56 [ 41.459
40.737 | 45319 | 49.602 | 52.59 | 54.283 | 56.175 | 57.869
33.93 | 39.403 | 44.776 | 47.861 | 49.154 | 50.547 | 51.841 .
294 329 | 362 | 389 - 40 413 | 426

Cumul. Hrs.
Bottle # 1

45.924 | 52.684 | 59.642 | 66.302 | 73.062 | 78.33 | 82.903
46.607 | 52.395 | 58.583 | 63.473 | 67.864 | 72.156 | 77.246
31.082 | 35.551 | 39.821 | 41.907 | 42.701 | 43.595 | 44.489
26.547 | 29.541 | 32.834 | 34.531 | 35.429 | 36.327 | 37.026

coocococooooofo
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A-3.9 Average of normalized releases

Batch # 0 R 2 3 7 35 6 7
Cumul. Hrs. 0 24 48 96 144 192 240 286
Bottle # 1-2 0 6621 [ 72.724 T 80.28 | 88.229 | 96.125 | 102.58 | 108.55

#3-4 0 32.656 | 37.145 | 40.885 | 43.927 | 45.723 | 47.868 | 49.664
#5-6 0 31.665 | 36.151 | 40.488 | 43.38 | 44.577 | 45.924 | 47.22
#7-8 0 46266 | 52.54 | 59.112 | 64.888 | 70.463 | 75.243 | 80.074
#9-10 0 28.815 | 32.546 | 36.328 | 38.219 | 39.065 | 39.961 | 40.757
A-3.10 Standard deviation of normalized releases

Batch # 1 2 3 4 5 6 7
Cumul. Hrs.| 24 48 96 144 192 240 286 | Average
Bottle #1-2| 3.6531 | 4.8755 | 53291 | 4.0974 | 0.9677 | 0.2703 | 0.6668 2.84

#3-4 11.428 | 11.56 | 12328 | 12.251 | 12.106 | 11.748 | 11.604 | 11.86
#5-6 3.2034 | 4.5983 | 6.0642 | 6.3362 | 6.473 | 6.5388 | 6.5342 5.68
#7-8 0.4825 | 0.2041 | 0.749 | 2.0005 | 3.6751 | 4.3659 | 4.0002 2.21
#9-10 3.2071 | 4.2499 | 4.9405 | 5.2154 | 5.142 | 5.1389 | 5.2769 4.74
TP Values

A-3.11 Individual batch change in TP (mg/L) from addition of fertilizer (June 17-28, 1994)

7.48

Batch# | 1 2 3 4 5 6 7
Indiv.Hrs. | -+ 24 24 48 48 48 48 48
Bottle # 1 7.57 1.11 1.24 0.92 1.31 0.74 0.72

2 7.48 1.1 1.03 0.77 0.81 0.74 0.68
3 73 0.59 0.55 0.4 0.34 0.31 0.26
4 6.58 068 | 0.59 0.43 0.33 0.26 0.24
5 6.32 0.8 0.75 0.38 025 | 0.21 0.17
6 6.4 0.6 0.45 03 .0.24 0.23 0.21
7 5.29 0.77 0.77 0.66 0.8 | 0.67 0.5
8 . 5.69 0.79 0.81 0.59 0.54 0.56 0.61
9- 5.34 0.65 0.54 0.28 02 0.16 0.14
10 5.98 0.51 | 042 024 | 0.17 0.16 0.13
11 <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05

A-3.12 Cumulative change in TP (mg/L) from addition of fertilizer (June 17-28, 1994)

Cumul. Hrs. 0 24 48 96 144 192 240 286

[ Bottle # 1 0 757 | 868 | 992 | 1084 [ 12.15 | 12.89 [ 13.61
2 0 7.48 858 .| 9.6l 10.38 11.19 11.93 12.61
3 0 73 7.89 8.44 8.84 0.18 9.49 9.75
4 0 6.58 |- 7.26 7.85 8.28 8.61 8.87 9.11
5 0 6.32 7.12 7.87 8.25 85 8.71 8.88
6 0 6.4 7 7.45 7.75 7.99 8.22 8.43
7 0 529 | 6.06 | 68 7.49 766 |- 833 8.83
8 0 55,69 648 | 729 |. 7.88 8.42 8.98 9.59
9 0 5.34 5.99 6.53 6.81 7.01 717 | 731
10 0 5.98 6.49 6.91 7.15 7.32 7.61
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Cumulative change in TP (mg/L) f rom addltlon of f emllzer (June 17-28, 1994)

A-3.13 Average of dupllcates no

59.681

- Batch # - 1 2 - 3 ) 6 7.
Cumul. Hrs.| 24 48 96 144 192 240 286
Bottle # 1-2| 7.525 8.63 9.765 | 10.61 11.67 12.41 13.11
#3-4 6.94 | 7575 | 8.145 8.56 8.895 9.18 9.43
. #5-6 6.36 7.06 | 7.66 8 8.245 | 8.465 | 8.655
#7-8 5.49 6.27 7.06 7.685 8.4 8.655 9.21
#9-10 5.66 624 | 672 6.98 | 7.165 | 7.325 7.46
A-3.14 Standard deviation of 0.1 g releases
Baich# | 1 7 3 3 5 5 7
Cumul. Hrs.| 24 48 96 144 | 192 240 286 | Average
Bottle #1-2 | 0.0636 | 0.0707 | 0.2192 | 0.3253 | 0.6788 [ 0.6788 [ 0.7071 | 0.39
#3-4 0.5091 | 0.4455 | 0.4172 | 0.396 | 0.4031 | 0.4384 | 0.4525 | 0.44
#5-6 0.0566 | 0.0849 | 0.297 | 0.3536 | 0.3606 | 0.3465 | 0.3182 | 0.26
#7-8 0.2828 | 0.297 | 0.3253 | 0.2758 | 0.5374 | 0.4596 | 0.5374 | 0.39
#9-10 0.4525 | 0.3536 | 0.2687 | 0.2404 | 0.2192 | 0.2192 | 0.2121 | 0.28
A-3.15 Cumulative TP releases normalized to 1 g of fertilizer in bundles
Cumul. Hrs. 0 24 48 96 144 192 240 286
[ Bottle # 1 0 | 75.025 | 86.026 | 98315 | 107.43 | 120.42 | 127.75 | 134.89
-2 0 74.576 | 85.543 | 95.813 | 103.49 | 111.57 | 11894 | 125.72
3 0 72.927 | 78.821 | 84.316 | 88.312 | 91.708 | 94.805 | 97.403
4 0 65.538 | 72.311 | 78.187 | 82.47 | 85.757 | 88.347 | 90.737
5 0 62.886 | 70.846 | 78308 | 82.09 | 84.577 | 86.667 | 88.358
6 0 64 70 74.5 77.5 79.9 82.2 84.3
7 0 . | 52.584 | 60.239 | 67.893 | 74.453 | 76.143 | 82.803 | 87.773
8 .0 56.786 | 64.671 | 72.754 | 78.643 | 84.032 | 89.621 | 95.709
9 0 53.029 | 59.484 | 64.846 | 67.627 | 69.613 | 71.202 | 72.592
10 0 -64.77 | 68.962 | 71.357 | 73.054 75.948
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A-3.16 Average of normalized releases

Batch # 0 1 2 3 4 5 6 7
Cumul. Hrs.| 0O 24 48 9% 144 192 240 286
[ Bottle # 1-2 0 74801 | 85.785 [ 97.064 | 105.46 | 11599 | 12335 | 1303
#3-4 - 0 69.232 | 75.566 | 81.251 | 85.391 | 88.733 | 91.576 | 94.07
#5-6 0 63.443 | 70.423 | 76.404 | 79.795 | 82.239 | 84.433 | 86.329
#1-8 0 54,685 | 62.455 | 70.324 | 76.548 | 80.088 | 86.212 | 91.741
#9-10 0 56.355 | 62.127 | 66.904 | 69.492 | 71.333 | 72.926 | 74.27

A-3.17 Standard deviation of normalized releases

Baich # T 1 2 3 7} 5 6 7
Cumul. Hrs. | 24 48 96 144 192 240 286 | Average

Bottle #1-2] 0.3171 | 03411 | 1.7696 | 2.7885 | 6.2586 | 6.2275 | 6.4794 | 3.45
#3-4 5225 | 4.6036 | 43335 | 4.1306 | 4.2082 | 4.5669 | 47133 | 4.54
#5-6 - 0.788 | 0.5981 | 2.693 | 3.2453 | 3.3072 | 3.1584 | 2.8696 | 2.38
#1-8 29712 | 3.134 | 3.4378 | 2.9624 | 55782 | 4.8208 | 5.611 | 4.07

#9-10 | 47036 | 3.7384 | 2.9105 | 2.638 | 2.4333 | 2.4389 | 2.3732( 3.03

EXPERIMENT 2 (Figure 3.3)

pH Values
A-3.18 Cumulative change in pH (pH units) from addition of fertilizer (July 14-26, 1994)

Batch # 1 2 3 4 5 6 7 Alkalinity
Cumul. Hrs.| 24 48 96 141 189 240 288 [l (mg/L as CaCO;)
Bottle#1 | -0.26 | -0.14 | 0.19 0.25 -085 | -1.03 | -1.34 alk=20

2 -0.64 -0.7 -049 | -086 | 093 | -142 | -193 "
3 -057 | -061 | -056 | -091 | -099 | -1.18 | -1.53 -
7 -1.18 | -1.14 -1.3 -133 | -1.26 | -1.15 | -1.56 "
.8 -1.14 | -138 | -1.56 | -1.71 | -2.02 | -2.74 | -3.03 "
9 -1.21 | -1.59 | -1.81 | -2.17 | -241 | 258 | -2.99 "

6 (blank) | -0.17 | -0.23 | -042 | -0.81 | -094 | -1.17 | -1.43 "

Cumul. Hrs. 24 48 96 141 189 240. 288

4 -0.17 | 0.08 0.28 0.19 0.31 0.56 [ 048 alk=95
5 -0.29°| -0.15 | -0.21 | -0.29 -0.2 -0.1 -0.13 "
10 -0.65 | -053 | -048 [ -047 | -047 | -049 | -0.52 "

11 064 | 068 | 077 | -093 | -104 | -1.11 | -1.19 ||

Comul Hrs| 24 | 48 | 96 | 141 | 180 | 240 | 288

"6 -0.17 | -023 | -042 | -0.81 | <094 | -1.17 | -1.43 ~alk=20
12 -0.13 0171 0.19 | 042 | 056 | 0.74 0.72 humic water
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A-320

Cumulative pH Changé for Water Typés Héving

Alkalinity

Time (hours)

48 96 141 189 240 288
0.6 + _ |

pH Change -0.2
(pH units) -0.4
-0.6

-0.8

-1

-1.2

95 mg/L CaCO3

—O0—pH 7.8;
Ca=25mg/L

——0—pH 7.8;
Ca=175mg/L

—8—pH 8.5;

~ Ca=25mg/L

— pH 8.5;
Ca=175mg/L

Cumulative pH Change for Humic Water and

Blank

Time (hours) =

24 48 96 141 189 240 288

R S S S S N S E—

' -0
pH Change
(pH units)

—U——'Blank; pH 7.8;
alk=20mg/L

—&—— Humic Water; pH
~7.6; _
alk=115mg/L




SRP Values
A-3.22 Individual batch change in SRP (mg/L) from addition of fertilizer (July 14-26, 1994)

(unfiltered)
Batch # 1 2 -3 4 5 6 7
Indiv.Hrs. | 24 24 48 45 48 51 - 48

Bottle # 1 7.13 0.98 0.79 0.42 035 0.3 0.26
6.76 0.5 | 039 0.2 0.15 0.15 0.11
6.42- 0.48 0.38 0.2 0.12 0.11 0.09
5.74 0.84 0.88 0.53 0.43 0.38 0.33
38 046 | 04 0.22 0.17 0.14 0.1
0.05 <0.05 | <0.05 | <0.05 | <0.05 | <0.05 | <0.05
7.08 0.79 0.78 0.51 0.4 0.34 0.31
5.89 0.53 0.44 0.22 0.13 0.11 0.08
5.96 0.37 0.28 0.13 0.09 0.08 0.06
7.41 0.86 0.95 0.61 0.51 0.44 0.37
3.62 0.43 0.32 0.19 | 0.12 0.13 0.09
5.95 0.85 0.67 0.6 0.6 0.56 0.53

SEBvodanhwn

A-3.23 Cumulative change in SRP (mg/L) from addition of fertilizer (July 14-26, 1994)
Cumul. Hrs.{ 24 48 96 141 189 240 288 .
Bottle#1 | 7.13 8.11 8.9 9.32 9.67 9.97 10:23

2 6.76 7.35 7.74 7.94 8.09 824 | 835
3 6.42 6.9 7.28 7.48 7.6 771 | 7.8
4 | 574 6.58 746 |- 7.99 8.42 8.8 9.13
5 3.8 426 4.66 4.88 5.05 519 | 529
6 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
7 7.08 7.87 8.65 9.16 9.56 99 10.21
8 5.89 642 | 6.86 7.08 7.21 7.32 7.4
.9 5.96 633 | 6.61- 6.74 6.83 691 6.97
10 741 | 827 | 922 |-9.83 10.34 | 10.78 11.15
11 - 3.62 4.05 ‘4.37 - 4.56 468 | 4.81 49
12 595 6.8 7.47 8. 07 867 | 923 | 976
TPValues :

A3, 24 Individual batch change in TP (mg/L) from addition of fertilizer (July 14-26, 1994)

Batch# 1 2 3 ] 4 5 6 7
Indiv. Hrs. 24 24 48 | 45 48 51 | 48

Bottle # 1 7.46 1.08 092 | 046 0.37 03 | 031
7.56 0.57 . 043 0.22 0.18 0.14 0.12
7.51 049 | 043 | 024 0.12 0.08 0.09
7.76 0.87 0.79 0.56 0.46 0.41 0.33
6.73 0.54 0.49- 029 | 017 |- 015 | 0.14
<0.05 | <0.05 | <0.05 [ <0.05 | <0.05 | <0.05 | <0.05
7.44 0:8 0.86 0.48 042 { 035 | 033
6.94 0.57 0.53 032 | 0.13 0.12 0.07

7.1 0.39 032:}| 0.18 0.07 <0.05 0.06

. 8.02 0.87 1.06 0.74 051 | 046 0.37:

S 6.4 0.49 0.43 0.22 0.14 0.09 | 0.08
7.78 0.94 0.79 0.71 0.69 0.64 .| 0.6

PooVOIOUNA WP
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EXPERIMENT 3 (Figure 3.4)

Cumul. Hrs.| = 24 48 | % | 141 189 | 240 288
[ Bottle # 1 746 854 [ 946 9.92 | 1029 | 10.59 | . 109
2 7.56 | 813 8.56 8.78 8.96 9.1. 9.22
-3 7.51 8 [ 843 | 867 | 879 | 887.| 896
- 4 776 | 863 | 9.42 998 | 1044 | 10.85 | 11.18
5 - 6.73 7.27 7.76 805 | 822 | 837 | 851
6. <0.05 | <0.05 <005 - <0.05 <0.05 | <0.05 | <0.05
7 7.44 8.24 9.1 '9.58 10 10.35 10.68.
8 6.94 7.51 8.04 | 836 8.49 861 | 8.68
9 7.1 | 749 7.81 7.99 8.06 8.06 8.12
-10 8.02 8.89 995 | 10.69 11.2 11.66 | 12.03
11- 644 | 693 [ 736 7.58 7.72 781 | 7.89
12 778 | 872 | 9.51 10.22 | 10.91 11.55 | 12.15

A-3.25 Cumuiati;/é' changelnT P (mg/L) from additiOn of f értilizer J %ilyf 1‘4726, 1994)' :

SRP Values
A-3.26 Individual batch change in SRP (mg/L) from addition of fertilizer (July 20-31, 1995)
. Date 20-Jul | 21-Jul | 23-Jul | 25-Jul | 27-Jul | 29-Jul | 31-Jul
Time Scale (days) =~ 1 - 2 4 6 8 10 12
Bottle#1 - 6.44 0.85 064 | 042 0.41 0.33 0.31
2 6.99 0.7 .0.53 044 | 042 | 031 0.35
-3 6.83 10.73 0.66 048 | 046 04 0.35
4 6.96 0.86 0.65 - 04 045 | 035 | 03
-5 6.62 0.68 .| 0.58 0.35 0.36 0.32 0.27
6 0 0 [ 0O 0 0 0 0
7 2.95 0.15 - 0.13 0.15 0.09 . 0.08 0.07 .
8. 4.68 . 043. ] 03 024 | 0.15 0.15 012 | -~
9 3.24 026 | . 02 - 0.18 011 | 0.13 0.09
- 10 4.34 0.32 0.19 | 016 | 01 0.1 0.09
11 . 419 1033 0.17 0.18 0.09 0.11 0.1
_12 0 0 -0 0 0 0 0.
A-3. 27 Cumulative change in SRP (mg/L) from addltlon of fertlhzer (July 20-31, 1995) '
Cumul. Hrs.| 0 [ 24 | 48 9 - 144 192 | 240 288
— Bottle#1 0 6.4 | 729 793 | 835 876 | 9.09 | 94
2 Y 6.99 7.69 -8.22 866 | 9.08 | 939 | 974
3 0O | 68 | 75 822 .| 87 9.16 9.56 | 991
4 0 696 | 7.82 847 | 887 932 | \9.67 | 997
5 O | 662 |~ 73 .| 78 | 823 8.59 891 | 918
6 O - 0. 0 : o 4 o 1 o . o 1 O
7 0 |295 .31 [ 323 338 | 347 | 3.55 3.62
8 0 468 | 511 541 5.65 58 | 595 6.07 a
9. 0 324 | 35 37 | 3.8 | 3.9 4.12 421 |
10 - -0 434 | 466 | 485 5.01 5.11 5.21 53
11 0 4.19 452 | 469 4.87 496 | 507 5.17
12 0 0. 0 0 0 -0 .0 - 0.

114



A-3.28 Normalized SRP (SRP/ pellet wt.) for individual batch change |

Date -20-Jul 21-Jul | 23-Jul | 25-Jul | 27-Jul 29-Jul | 31-Jul
Time Scale (days)| . 1 2 |- 4 6 . - 8 10 12
Bottle#1 64.40 8.50 6.40 4.20 4.10 3.30 3.10
2 ‘ 69.41 6.95 5.26 4.37 4.17 3.08 | 348
-3 68.30 7.30 6.60 4.80 4.60 4.00 3.50
4 69.53 8.59 6.49 4.00 4.50 3.50 3.00
5 65.87 6.77 577 3.48 3.58 3.18 2.69
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 02950 | 1.50 1.30 1.50 .0.90 0.80 0.70
-8 46.66 4.29 2.99 2.39 1.50 1.50 1.20
9 32.37 2.60 . 2.00 1.80 1.10 1.30 0.90
10 43.40 3.20 1.90 1.60 1.00 1.00 0.90
11 41.86 3.30 1.70 1.80 090 | 1.10 1.00
12 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A-3.29 Cumulative normalized change in SRP (mg/L) from addition of fertilizer
Cumul. Hrs. 0 24 48 96 144 192 240 288
Bottle#1 . 0 6440 | 7290 | 7930 | 83.50 | 87.60 | 90.90 | 94.00
2 0 6941 | 7636 | 81.62 | 8599 | 90.16 | 93.24 | 96.72
3 0 6830 | 7560 | 8220 | 87.00 | 91.60 | 9560 | 99.10
4 0 69.53 | 78.12 | 84.61 | 8B.61 93.11 | 96.60 | 99.60
5 0 6587 | 72.64 | 78.41 81.89 | 8547 | 83.66 | 91.34
6 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0 29.50 | 31.00 | 3230 | 33.80 | 34.70 | 3550 | 36.20
8 (O 46.66 50.95 53.94 56.33 57.83 59.32 | 60.52
"9 0 3237 | 3497 | 3697 | 3876 | 39.86 | 41.16 | 42.06
10 0 43.40 | 4660 | 4850 | 50.10 | 51.10 | 52.10 | 53.00
11 0 4186 | 4516 | 4686 | 48.65 | 49.55 | 50.65 | 51.65
12 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TP Values
A-3.30 Individual batch change in TP (mg/L) from addition of fertilizer (July 20-31, 1995)
‘ Date 20-Jul 21-Jul 23-Jul | 25-Jul | 27-Jul 29-Jul 31-Jul
Time Scale (days) 1 2 4 "6 8 10 12
Bottle#1 69 0.98 0.85 0.49 0.39 0.31 0.26
2 7.32 0.86 S 0.72 0.55 0.42 0.35 0.27
3 6.64 0.85 0.83 0.58 0.47 0.34 0.34
4 73 1.18 | 0.88 0.46 0.42 - 0.3
5. 6.97 0.94 0.79 0.47 04 0.27 0.27
6 0 0 S0 0 0 0 0
7 3.99 0.26 0.27 .0.19 “0.18 0.14 0.14
8 5.7 036 | 0.47 0.29 0.26 0.24 0.19
9 4.03 0.31 0.34 0.24 0.2 0.2 0.18
10 6.04 0.44 031 | 023 0.17 0.19 0.15
11 2.92. 0.43 0.15 0.21 0.22 0.15 0.13
12. 0 0 0 0 0 0 0
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A-3.31 Cumulativeéhaﬁ'ge in‘TP'(-rbng/L) from additionl of fertilizer (July 20-31, 1995)

Cumul. Hrs. 0 24 48 9% | 144 | 192 . 240 288
Bottle#1 0 6.9 7.88 8.73 9.22 9.61 9.92 10.18
2 0. .| 732 | 818 8.9 945 | 987 10.22 | 10.49
3 0 6.64 749 | 832 8.9 937 | 971 10.05
4 0 73 8.48 9.36 9.82 .| 1024 | 1024 | 10.54
5 0 6.97 | 791 8.7 9.17 | 957 | 984 10.11
6 0 .0 0 0 0. 0 0 0
7 0 3.99 4.25 452 | 4.7t 4.89 5.03 5.17
8 0 5.7 - 6.06 6.53 682 | 7.08 7.32 7.51
9 0 4.03 4.34 4.68 4.92 5.12 532 55
10 0. 6.04 | 648 6.79 7.02 7.19 7.38 7.53
11 0 2.92° 3.35 3.5 3.71 3.93 4.08 421
12 -0 0 0 o | O 0" 0 0
A-3.32 Normalized TP (TP/ pellet wt.) for individual batch change
Date | 20-Jul | 21-Jul | 23-Jul | 25-Jul | 27-Jul | 29-Jul | 31-Jul
Time Scale (days) 1 2 -4 6 8 10 12
Bottle#1 69.00 9.80 8.50 490 | 3.9 3.10 2.60
2 72.69 8.54 7.15 5.46 4.17 3.48 2.68
3 - 66.40 8.50 8.30 5.80 4.70 3.40 3.40
4 7293 | 11.79 8.79 4.60 4.20 - 0.00 3.00
5 69.35 9.35 7.86 4.68 3.98 2.69 2.69
6 0.00 0.00 0.00 -0.00 | 0.00 0.00 0.00
-7 39.90 2.60 2.70 1.90 1.80 1.40 | 140
8 - 56.83 3.59. 4.69 289 | 2.59 2.39 1.89
9 40.26 3.10 3.40 240 2.00 2.00 1.80
10 60.40 4.40 3.10 2.30 1.70 1.90 1.50
11 29.17 4.30 1.50 2.10 2.20 1.50 1.30
12 0.00 0.00 0.00 0.00° | - 0.00 0.00 0.00
A-3.33 Cumulative normalized change in TP (mg/L) from addition of fertilizer
Cumul. 0 24 48 96 144 192 240 288
Hrs.
Bottle#1 | O 69.00 78.80 87.30 9220 | 96.10 | 99.20 | 101.80
2 0 72.69 81.23 88.38 93.84 | 98.01 | 101.49 | 104.17
3 0 66.40 74.90 83.20 89.00 93.70 | 97.10 | 100.50
4 0 72.93 84.72 | 93.51 | 98.10 | 102.30 | 102.30 | 10530
5 0 69.35 78.70 86.56 91.24 9522 | 9791 | 100.59
6 0 0.00 0.00 0.00 .0.00 0.00 | 0.00 0.00
7 0 | 39.90 42.50 45.20 47.10 48.90 | 50.30 51.70
8 0 56.83 | 60.42 65.11 68.00 | 70.59 | 72.98 7488 |
9 0 40.26 43.36 4675 | 49.15 51.15 | 53.15 54.95
10 -0 60.40 64.80 67.90 | 70.20 71.90 - | 73.80 75.30
11 0 29.17: 33.47 34.96 37.06 | 39.26 | 40.76 42.06
12 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00




EXPERIMENT 4 (Figure 3.5)

'. S,.RP Values

A-3.34 Individual batch change in‘S'RP (‘mg/L:) from addition of fertilizer (August 14-25, 1995)

Date 14-Aug [ 15-Aug| 17-Aug | 19-Aug | 21-Aug | 23-Aug | 25-Aug
Time Scale (days) 1 2 4 6 8 10 12
Bottle#1 5.76 093 | 098 0.64 0.49 0.52 0.45
2 6.9 0.74 0.78 0.54 0.46 0.42 0.64
3 8.38 1.24 0.87 0.85 0.88 0.89 0.61
4 7.32 0.97 0.99 0.7 0.56 0.65 0.64
5 6.57 0.93 0.92 0.63 0.54 0.52 0.61
6 - 7.82 0.75 0.76 0.49 0.39 0.32 0.3.
7 6.19 | 0.72 - 0.47 0.41 0.46 0.38 0.47
8 7.41 0.79 0.6 0.52 0.58 0.45 0.42
-9 7.13 0.87 1.01 0.72 0.63 0.58 0.58
10 6.1 0.74 0.81 0.55 0.43 0.34 0.34
11 7.96 0.98 1.03 0.66 0.59 0.67 0.59
12 7.34 0.78 1 0.5 0.52 0.43 0.42

A-3.35 Cumulative change in SRP (mg/L) from addition of fertilizer (Aug 14-25, 1995)

Cumul. Hrs. 0 24 48 96 144 192 240 288
Bottle# 0 5.76 6.69 7.67 8.31 8.8 9.32 9.77
2. 0 6.9 7.64 8.42 8.96 9.42 9.84 10.48
3 0 8.38 9.62 10.49 11.34 12.22 13.11 13.72
4 0 7.32 8.29 9.28 9.98 10.54 11.19 11.83
.5 0 6.57 1.5 8.42 9.05 9.59 10.11 10.72
6 0 7.82 8.57 9.33 9.82 10.21 10.53 10.83
7 0 6.19 6.91 7.38 7.79 8.25 8.63 9.1
8 0 7.41 82 88 9.32 99 10.35 10.77 .
9 0 7.13 8 9.01" 9.73 10.36 10.94 11.52
10 0 61 | 684 7.65 82 8.63 8.97 931
11 0 7.96 8.94 9.97 10.63 11.22 11.89 12.48
12 0 7.34 8.12 9.12 9.62 10.14 10.57 10.99
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TP Values

"'A-3.36 Individual batch change in TP (mg/L) from addition of fertilizer (August 14-25, 1995)

Date 14-Aug | 15-Aug [ 17-Aug | 19-Aug’| 21-Aug | 23-Aug [ 25-Aug
Time Scale (days) 1 2 | 4 6 8 10 12
~Bottle#1 -6.89 0.96 1.11 0.67 0.49 0.54 0.51
2 7.44 0.78 0.84 0.62 0.51 0.43 0.71
3 8.51 1.29 1.45 0.93 . 1 0.97 0.65
4 - 8.14 1.06 1.1 0.8 0.64 0.7 0.69
5: 7.05 0.93 0.95 0.68 0.56° 0.63 0.64
6 8.17 076 |. 0.79 0.56 | 043 0.43 0.33
7 - 6.69 0.86 0.94 0.54 0.5 0.41 0.54
8 8.01 0.88 0.87 0.54 0.67 0.5 0.48
9 8.22 0.94 1.1 0.79 0.71 0.63 0.61
10 7.11 0.91 1.01 0.76 0.49 0.38 0.41
11 8.11 0.98 1.13 0.81 0.66 0.83 0.7
12 8.17 0.93 1.09 0.84 0.56 0.51 0.48
A-3.37 Cumulative change in TP (mg/L) from addition of fertilizer (Aug 14-25, 1995)
Cumul. Hrs.{ O 24 48 96 144 192 240 288
_130ttle#1 0 - 6.89 7.85 8.96 9.63 10.12 10.66 11.17
2 . 0 7.44 822 9.06 | 9.68 10.19 10.62 11.33"
-3 0. 8.51 9.8 11.25 | 12.18 13.18 14.15 14.8
4 0 8.14 9.2 10.3 11.1 | 11.74 12.44 13.13
5 0 7.05 7.98 8.93 9.61 10.17 10.8 11.44
6 0 8.17 8.93 9.72 10.28 10.71 11.14 11.47
7 0 6.69 7.55 8.49 9.03 . 9.53 9.94 10.48
8 0 8.01 8.89 9.76 10.3 10.97 11.47 11.95
9 0 8.22 9.16 | 10.26 11.05 11.76 12.39 13
- 10 0 7.11 8.02 9.03 | 9.79 10.28 10.66 11.07
11 0 8.11 9.09 10.22 11.03 11.69 12.52 13.22
12 0 817 | 9.1 10.19 11.03 11.59 12.1 12.58
DOC Values
A-3.38 Individual batch change in DOC (mg/L) from addition of fertilizer (August 14-25, 1995
Date 14-Aug | 15-Aug | 17-Aug [19-Aug | 21-Aug {23-Aug [ 25-Aug
Cime Scale (days) 1 2 4 6 8 10 12
Bottle#1 24.1 16.8 17.2 16.5 18.8 18.9 195 |
2 12 8.8 85 | 81 9.6 9.2 9.4
3 7.4 6.5 6.4 6.5 7.1 6.2 6.4
4 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0
6 -0 0 0 .0 0 0 -0
7 - 2477 17.3 16.9 16.7 184 19.8 194
8 12.1 8.9 8.2 8.7 9.4 9.7 10
9 6.9 6.7 6.5 6.4. 73 6.7 7
10 238 | 179 168 | 174 19.2 194 19.1
11 11.7 8.6 - 84 8.7 9.6 9.2 8.7
12 7 6.4 6.5 6.7 72 6.7 6.7




10. Appendix IV - Plots of SRP and TP in Various Solutions at 11 °C

Note: All calcium and alkalinity values are mg/L as CaCO,.

A-4.1

25mg/L Calcium

ortho-
Phosphate
(mg/0.1 g
fertilizer) 4

0o +———+—4+—+—+—

24 48 96 141 189 240 288

Time (hours)

Cdmulative SRP. Release for Water Containing

———pH 7.8;
alk=20mg/L

—— pH 7.8;
alk=95mg/L

—&— pH 7.8;
alk=160mg/L

—&— pH 8.5;
alk=20mg/L

——— pH 8.5;
alk=95mg/L

—&— pH 8.5;
alk=160mg/L




A-4.2

Cumulative TP Release for Water Containing
25mg/L - Calcium — 0 pH 7.8
A alk=20mg/L

14
— O pH7.8;

12 alk=95mg/L

10 —A— pH 7.8;

fertilizer) ¢ —8— ;H 8.5

4 alk=20mg/L
) ——— pH 8.5;
A alk=95mg/L
0 +——— : { : ! ‘
24 48 96 141 189 240 288 | —&— pH 8.5;
alk=160mg/L

Time (hours)

A-43

Cumulative SRP -Release for Water Containing
100mg/L Calcium

—DO—pH 7.8;

ortho- alk=20mg/L
Phosphate
(mg/0.1 g 4 —0—— pH 7.8;
fertilizer) < alk=160mg/L

—&—pH 8.5
alk=20mg/L

96 141 189 240 288

Time (hours)
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A-4.4

TP (mg/0.1 g
fertilizer)

~ Cumulative - TP Release for Water Containing
' 100mg/L Calcium

3 PR

5 —
24 48 96 141 189 240 288

Time (hours)

—LO——pH 7.8; A
alk=20mg/L -

—O0—— pH 7.8;
alk=160mg/L

—&—— pH 8.5;
alk=20mg/L

A-45

ortho-
Phosphate
(mg/0.1 g
fertilizer)

Cumulative SRP Release for Water Containing
175mg/L Calcium

24 48 96 141 189 240 288

Time (hours)

—DO——pH 7.8;
alk=20mg/L
—O—pH78
alk=95mg/L
—&O— pH 7.8;
alk=160mg/L
—&— pH 8.5;
alk=20mg/L
—— pH 85 |
alk=95mg/L .

—&— pH 8.5;
alk=160mg/L
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A-4.6

9.5
9
8.5

TP (mg/0.1 g

fertilizer) 73

Cumulative TP Release for Water
175mg/L Calcium

Containing

24 48 96 141 189 240 288

Time (hours)

—L——pH 7.8;
alk=20mg/L

—O—pH7.38;,
alk=95mg/L

—4&— pH 7.8;
alk=160mg/L

—®&— pH 8.5;
alk=20mg/L

—— pH 8.5;
alk=95mg/L

—4&—— pH8.5;
~ alk=160mg/L
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- 11. Appendix V - Sample Calculation for Stream Fertilization
Given a stream (1000 L/s; Ca® = 100 mg/L as CaCO,; alkalihity =50 mg/L as CaCO;;
pH = 7.8) needs fertilizer added to increase SRP by 1 ug/L over a duration of 2 weeks, the
calculations required to determine the amount of fertilizer and size of pellets are as follows:

Determine SRP needed for 1 ug/L in 1 m®/s flow for 14 days

" SRP (kg) = (1000 L/s)(86400 s/d)(14 days)(1 ug/L)(10” kg/ug)
=1.21 |

SRP released in water chemistry over 14 days, equation [4-2]

SRP (mg/g fertilizer) = - 0.22[Ca®* (mg/L as CaCO,)] - 0.16[Alkalinity (mg/L. CaCO,)] +
0.08[Time (hours)] + 91.11

SRP (mg/g fertilizer) = - 0.22(100 mg/L as CaCO,) - 0.16[50 mg/L. CaCO,] + 0.08[336 hours]
: 0 +91.11 :

=88.0

Weight fertilizer needed (W)

88.0mg/g=121x10°mg/W
W=138ke

Size of pellets.for complete dissolution after 14 days

log % Weight lost = 0.392 [log Time (days)] + 0.688 .
% Weight lost = 13.7 |

13 7% of a9 gpellet=1.23 g

Add a safety factor to pellet size, and ensure velocity of river will not carry fertilizer downstream.
Otherwise, may need to have fertilizer made with a larger proportion of binder to make the pellets
heavier. T
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12. Appendix VI - Honorariums for Thesis Assistance

Chocolate Nut Granola Cookies

1 cup margarine
* 3/4 cup granulated sugar
3/4 cup brown sugar
2 eggs '
2 tsp. grated orange rind
1 tsp. vanilla
1 3/4 cup flour
1 tsp.salt
1 tsp. baking soda
3 cups granola ‘ _
1 6-0z. package chocolate chips
1 cup chopped walnuts or almonds

- 1. In‘large bowl combine butter and sugars; beat until creamy. |

2. Add eggs, orange peel, and vanilla; beat until f]uffy.

3. Corhbine’flour;‘sélt, and soda; add to creamed mixture and stir until blended.

4 Stir in granola, chocolate chips and nuts. ‘
'5. Drop by heéping teaspoon onto greased cookie sheet. |

6. Bake at 350 °F for 10-12 minutes.

- “Makes ~ 6 dozen cookies. ©
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