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Protocolo practico

* Deje reposar la orina durante dias hasta que desprenda un olor
acre.

e Hervir la orina para reducirla a un almibar espeso.
* Calentar hasta que destile un aceite rojo y extraerlo.

* Dejar enfriar el resto, que esta formado por una parte superior
esponjosa de color negro y una parte inferior salada.

* Deseche la sal, mezcle el aceite rojo nuevamente con el material
negro.

e Calentar fuertemente esa mezcla durante 16 horas.

* Primero se desprenden vapores blancos, luego aceitey
finalmente fésforo.

* El fésforo se puede pasar a agua fria para que se solidifique.







Hennig Brand reza por la exitosa conclusion de su operaciéon luego de descubrir el Fésforo (1669).
El Alquimista, en busca de la Piedra Filosofal (Joseph Wright, 1771)




“Fosforo” en la antigua Grecia era el nombre del planeta Venus.
Sinficaba “luz” (g ) + ” portador” (dEpw).




“el milagroso portador de la luz”
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357 anos después del descubrimiento de Hennig Brand...
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15 protones en su nucleo

[Ne]3323p

Fosforo

l 5 50,9758

3

masa 31
15 p+y 16 neutrones

Los 23 is6topos
conocidos de P
(25p al 47p)
tienen periodos de
semidesintegracion
muy breves.

Sélo el 3'P es establey,
por lo tanto, esta
presente en la
naturaleza en una
abundancia del 100%.

15 e-
5 de valencia



Radio atdmico
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J. C. Slater (1964). «<Atomic Radii in
Crystals». Journal of Chemical Physics. 41:

(1 angstrom=10""m=0,1 nm) 3199. doi:10.1063/1.1725697.
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— Electronegatividad aumenta —»
11 12 13 14 15 16

— Radio atéomico disminuye —
17

Grupo
Periodo

He

Xe

Rn

Hs Cn

Mc Lv

Tabla Periodica segun la electronegatividad usando la escala de Pauling.



N° de electrones de valencia

Tipoy cantidad de enlaces

3 para completar el “octete”

Radio atdmico

Electronegatividad




Fosforo blanco

o) TikTok
@ponte_bata

o P______ 1l __ ___poe

A pesar de su origen etimoldgico,

la emision de luz por el fésforo no ocurre por fosforescencia

p (RAE: luminiscencia que permanece algun tiempo al cesar la causa que la produce)

sino quimioluminiscencia

(resplandor debido a una reaccién quimica en frio - oxidacién)



Fosforo blanco

P,
60°
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iMuy reactivo!
(oxidable)



Alétropos o o
Distintas formas estructurales en que puede existir un
mismo elemento quimico, diferenciandose en coémo se
enlazan o se ordenan sus atomos.

Negro

laminas (fosforeno)

Rojo / Hittorf

Blanco
polimero

moléculas P,

/O\/O\/

| O O
) 0000

van der Waals entre P, covalente - cadenas 1D covalente - capas 2D

estabilidad termodinamica creciente - reactividad y piroforicidad decrecientes

Black Phaog
P ~994
0.18 gi




Formas quimicas presentes en la bidsfera

FORMAS OXIDADAS
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Fosfato de
Acido fosférico dihidrégeno

\ /

i —-— —
H,PO, , +H,0, = H;0" . +H,PO;

aq)



Fosfato de
Acido fosférico dihidrégeno

\ /

—\ 5 &
H,PO, ,, +H,04 = H,0*

H,PO; ,, + H,0, = H;0"  +HPO,”

) (1) 4 (aq)

(



Fosfato de
Acido fosférico dihidrégeno

\ /

— + —
H;PO,, +H,0, = H;07 ,  +H,PO

N N M
H2PO )+H O()\—HO (a )+HPO4 (aq)
-2 — +
HPO, (aq) -+ HZO(I) — H;0 (2q) 4 PO4 (2q)
Fosfato

De todas estas, ¢en qué forma es mas probable encontrarlo en solucién acuosa?



Formas quimicas presentes en la bidsfera

i |

mas acido mas basico

Rango tipico de pH en ecosistemas acuaticos

Cuando se hace referencia al fosfato inorganico libre en disoluciodn,
no se especifica el estado de protonacion.

Es decir, es la suma de las especies H,PO,” + HPO,*" y trazas de H,PO, y PO,*".




Fosfato (inorganico)
(P:)

El fosfato es una estructura estable en solucion acuosa.
:Como logra estabilidad con tal concentracion de carga negativa?

— O - -3
o) 0° i
1 I - P;¢
@O//P\O@‘ - @O//P§O Oé’ O
eo @0 ) )
7 I I i * Electrones mtdeslocalizados.

O@ o@ Los 4 enlaces P-O son idénticos de orden > 1.
| I

O’;,P\oe o 07/P\O® e Las3 carga§ estan distrib,uidas entre los 4

0o 0O atomos de oxigeno.
_ _  Soluble en agua: solvente polar + formacion de

enlaces de hidrégeno.

Mesomeria



Formas quimicas presentes en la bidsfera
POLIMEROS

acido difosforico
0
pirofosférico

Pirofosfato
(PPi)




Formas quimicas presentes en la bidsfera
POLIMEROS

ATP: Adenosina trifosfato

Intermediario metabodlico universal de transferencia de energia libre.

O~ O~
_IlT_ —P
(0] O

Grupos fosfato

fosforilo



e m— ATP NH,
Phosphoanhydride N

bond \N
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OH OH OH
Condensation OH OH
reaction Phosphate transfer
OH OH
| + AG° 2 0 |
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5’ Extremo libre
O\}P,OH de fosfato CH, O

ADN AN

o 0O
ELPes ¥
HO O
fundamental
para la
arquitectura
bioldgica.
o 0O
™D
P.
H3 o
o, O
X
HO 0\
CH,
Extremo
de azGcarH
libre .
3 oH H v base de la memoria

Esqueleto de fosfato Bases
de aztcar nitrogenadas
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Creador de compartimentos.
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ESTRUCTURAS CRISTALINAS
Fosfato de calcio

Fosfato diacido de calcio.

Fosfato acido de calcio

Fosfato de tricalcio
Ca;(PO,),

hidroxiapatita

Cag(PO,);(OH)

Estructuras de soporte.



Fosfato por doquier

Desde el punto de vista ambiental,
lo relevante es la cantidad de P

El método mide la cantidad de fosfato, pero el
resultado se expresa en funcion de la cantidad de P

P/PO,=30,97/94,97= 0,326 —el P es el 32,6 % de la masa del fosfato.

Fésforo inorganico disuelto
(DIP)
Conceptualmente lo mas cercano a P, en el léxico acuatico.
NO ES MEDIBLE.

Fosforo Reactivo Soluble/Disuelto
(PRS o PRD/ SRP o DRP)
Es una aproximacion operativa al fosfato disuelto (expresado como P).
EL P, puede sobreestimarse porque el ataque acido del método hidroliza parte del P
organico labil y libera P adsorbido.

Fosforo Total
(PToTP)



Estrategia analitica

.

l ;;

Absorbancia a 880 nm (NIR)

Fosfato + molibdato

PO+ + MoO4* - ince

medio acido

reduccion

Azul de molibdeno

azul - Mo(V)/Mo(VI) - valencia mixta
absorbancia « [fosfato] - se lee a ~880 nm




Curva de calibracién para fosforo

de estandares conocidos a la concentracion de una muestra

@ Estandares de concentracion conocida — medir absorbancia

0 0,2 0,4

color azul de molibdeno - absorbancia a 880 nm

@ Graficar y ajustar la recta @ Interpolar la muestra

Absorbancia

A =0,90-C + 0,02
R%z=0,999

A medida = 0,47

muestra desconocida

[P] = 0,50 mg/L

concentracion (mg P/L)
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Muestra de agua

-~

/
sin filtrar filtrada (~0,45 pm)

et
sin digestié/~ N + digestion + digestion // sin digestion
&

7 A

RP DRP

TP TDP

reactivo reactivo disuelto
fosforo total total disuelto ~ ortofosfato

= SRP = FRP

# «soluble»

también por diferencia:
PRP = RP - DRP
(reactivo particulado)

PP DNRP
=TP - TDP = TDP - DRP
particulado no reactivo disuelto

(] filtrado (disuelto) () sin filtrar por diferencia




Analytica i Aca 988 (2016) 829
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Review

Determination of phosphorus in natural waters: A historical review @tm‘,_,]
Paul Worsfold * . lan McKelvie * ", Phil Monbet ‘
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HIGHLIGHTS GRAPHICAL ABSTRACT

“Historical veview of the detcrmina:
tian of phosphorus in narural waless.
o Sumpling and sample  treatment

P

) SAMPLE

- Phytoplankton @

-
Ayl b oot nd ol eg o \ ’0 - ]
L Ppher odaion tdend d ol ’j,o\ /o_.‘p___ 0, o X . *
T~ °Z\ =o AR i <X Zooplankton TN
o—f—d b L
4 o7 Y, o HN 0 L~
/e
ety o0 5roebes o e S oS et L T e o g Ortho P Condensed P 2-aminoethyl P Inositdl Hexakis P Bacteria t
Notnd 3 febeary 20 - e frorlapmroites
s e dpe i e o g bl e
S ——— e e ided e ot
e g o B — A 4
e

it hre? Filtration
(0.2 or 0.45 um)

Contents
1. Phospherus i e
2 Sampling and Sample TRATEOE ... e.oevaeeceeescereseececen [ R "
1 it 3 I
22 Sumple o socage L i it = i No Yes
21 s = 2 % oeill
3 Anaytical methods ...____. B0 R o z I ; i3
Y0 DM RO PO oo et o ] ; B Y Y
32 Toral and : )

Total P e ( Dig?stion . i Total Filterable P
i (P, Wersfold), ch] e.g. autoclaving, ashing, [.er]

e — photo-oxidation, fusion...)

| Minus Minus |

Total Reactive P No _ No Filterable Reactive P
(TRP) (FRP)

g (TPP)

7
Total Organic P \ g | Filterable Organic P )
> (TOP) ) | M l (FOP) -

A

—— e = —— e e = = -

" Particulate Organic P )
g (POP)

—_—

D Fraction measured by spectrophotometry ( _—__) Fraction usually deduced by substraction

Fig. 2. The various operationally defined P fractions in natural waters, based on filtration and/or digestion.



;en sedimentos?




Extraccion secuencial de féosforo en sedimentos

P labil / intercambiable

agua de poro, débilmente adsorbido

J

P redox-sensible (Fe/Mn)

se libera en anoxia - liberacion interna

P ligado a Al (no redox)
sensible a pH - + P organico (NaOH-NRP)

l

P ligado a Ca / apatita

sumidero estable de largo plazo

l

digestion P residual / refractario
no biodisponible

() movil / biodisponible () pH-dependiente (] secuestrado (] inerte

¢En qué unidades se expresara el resultado?

Como cantidad de fosforo por kg de sedimento seco.



;. En suelo?




Bray-1

Planta
| absorcion radicular |

disponible ahora repone solucion ocluido, fijado

S .‘ tampon s muy lento " S
P en solucion P P labil y P no labil

ventana que extrae Bray (NH4F + HCI)
indice operativo: cruza los pools, no es ninguno

disponibilidad: () alta () media BREE () planta

Otros métodos: Mehlich, Olsen (este ultimo preferido para pH altos)
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Forms of phosphorus transfer in hydrological pathways from
soil under grazed grassland

P. M. HAYGARTH, L. HEPWORTH & §. C. JARVIS
Soil Science Group, Institute of Grassland and Environmental Research, North Wike Research Station, Okehampton, Devon EX20 258, UK

Summary

Phosphorus (P) from soil can impair the water quality of streams and lakes. We have studied the forms
and pathways of its movement from soil to water using 1-ha plot lysimeters, managed as grazed grassland
for 12 months in temperate South-west England. The water flow through three pathways, namely (i)
surface plus interflow to 30 cm (on undrained soil), (i) surface plus interflow to 30 cm (on a mole and
tile draincd soil), and (iii) molc and tilc drains (fo 85 cm), were gauged. Samples of water fro

path were treated with various i 0.45-pm filtrati huri

t forms of P. The total P (TP) concer
hs (mea nd 152 jig I''), when
n the drainage to 85 cm was 132 pg "', This reflects the substantial enrichment of the
Olsen-P extracts from the surf horizons, as extracts from the 0-2 em layer were 10-fold more than
below 45 em. In all paths, the dissolved P comprised the proportion of the P transferred, with
dissolved reactive P being the dominant form. Draining ced the transfer of TP by about 30%
(= 1 kg " ha' year'), because it can be sorbed as it flows through soil to drains. All these concentrations

and molybdate reaction, to determine the diffe

could cause eutrophication in surface waters.

Introduction

The average application rate of phosphorus (P) fertilizer for all
grassland in England and Wales is 14 kg P ha™' (Burnhill ef af.,
1993). In addition, large quaniities of P are bought into farms as
fieed concent h find their way on 1o soil by excretion
garth et al. (1998) have calculated
an annual P surplus (input
minus output in produce) of about 24 kg P ha™'. Phosphorus can
become fixed in soil, which gives rise to the traditionally held
opinion that it is not casily leached. This is a reasonable conclu-
sion from an agriculiural viewpoint, as transfer in leaching and
runoff may represent only a small percentage of the total P
in the soil. However, from a water quality perspective, where
concentrations of only a few tens of pg I'' can cause
eutrophication (Foy & Withers, 1995), this transfer of P may be
significant. In view of the P surplus in grassland systems and
their impact over much of the land surface of the UK (Waters,
1994), it is important to understand the processes that influence
the movement from soil to water.

The forms and the pathways of P transfer need 1o be be
undersiood so that land can be managed to minimize transfer.
Haygarth & Jarvis (1996) have already demonstrated the magni-
al P(TP) and dissolved P(DRP)e: i

Correspondence: P. M. Hayganth. E-mail: haygarthia bbsee. ac.uk
Received 24 December 1996: revised version accepted 22 July 1997

© 1998 Blackwell Science Lid

grassland during storms following the application of fertilizer.
There is. however, a lack in the understanding of what controls
the P forms which are exported. Foy & Withers (1995) and
Scholefield (1996) have suggested that there is much
the magnitude and forms of the P transferred,
depending on the land from which it has originated, the transport
route and the agricultural management. All of these
int th rainf i othe v

Artificial dra o important because it can considerably
affect the magnitude and form of P transfer (Armstrong ef al.,
1984; Hawkins & Scholefield, 1996). Although these effects are
being reported, poarly
understood. In this paper we therefore examine the effect of soil
drainage on the pathways and forms of P exp r

grassland in 1-ha grazed plot lysimeters, in relation to the vari-
ation in the soil P status with depth.

Methods
Plot lysimeter design and soil management

inage experiment (at North Wyke, Devon,
7 km north of Dartmoor, British National
650995) involves several nitrogen (N)
It was established in 1982 on old,
ire on poorly drained sloping land (5-10%)

unimproved

65

Phosphorus transfer through soil 67

SOIL DRAINAGE/RUNOFF SAMPLE

v

Filtration through 0.45-ym
CNA membrane filters

K persulphate-sulphuric acid
autoclave digest

DRP TRP TDP TP
Y Y

Mo-blue reaction and determination at 880 nm (after reduction with ascorbic acid)
or at 690 nm (after reduction with tin (I) chloride)

Calculation by difference: DUP = TDP - DRP
PRP = TRP - DRP TPP=TP - TDP PUP = TPP- PRP

Figure 2 Operationally defined fractionation of P forms in soil waters. DRP, dissolved reactive phosphorus; TRP, total reactive phosphorus; TDP,
total dissolved phosphorus: TP, total phosphorus; DUP, dissolved unreactive phosphorus: PRP, particulate reactive phosphorus: PUP, particulate
unreactive phosphorus: TPP, total particulate phosphorus.



Terminology for Phosphorus Transfer
P.M. Haygarth* and A. N. Sharpley

ABSTRACT
The transfer of P from agricultural land o water attracts scientists
£ varied iee. Th f are of fx

son for this is the multidisciplinary nature of the prab-
lem, as dlﬂemn[ sclcnm‘m hackgmunds use incompati-

P transfer has lead 1o confusions in communication because of inap-
propriate or ambiguous use of ferminology. Therefore, we have al-
tempted to classify terminology for P transfer inte: (i) processes for
modes) (e.g., erosion, leaching, incidental) (i) pachways (e.g., over-
land flow, subsurface flow, drainage Now), und (i) form terms (e.g.,
those that can be described in soil or water samples). A method of
classifying pathways by scale, plane, and fime is suggested and o
particular caution Is noted for leaching, which s a process, nor u
pathway, and runoff (2 vaguely defined pathway). Current terminol-
ogy for Torms in water is confusing because terms such as soluble,
e e : . Ourwr

rect f used inappropriately when descrihing P forms involving mem-
brane fltration and Mucphy-Riley Mo-blue chemistry. We suggest an
improved method for describing the forms of I in waters, which is
operationally defincd and states the snalyticsl method and size of
filter used.

IN RECENT years there has been an acceleration of fresh,
estuarine, and coastal water eutrophication (Carpen-
ter et al., 1998; Kauppi et al., 1993; Sharpley and Reko-
lainen, 1997). Additionally, hypereutrophic “dead
zones” in the Gulf of Mexico and outbreaks of Pfiesteria
piscicida in inland waters of the castern USA have

ble or Here, we attempt to
provide a simple classification of terms for P transfer
based on (i) processes (mechanisms or modes) (ii) path-
ways (including variations in scale), and (iii) forms. The
relevance of this classification is illustrated in Fig. 1,
which shows an adaptation of the conceptual model
described by Haygarth and Jarvis (1999). This model
describes the P transfer regime in its entirety, and in
this example we illustrate the appropriate processes,
pathways, and forms.

Process Terms

Processes (mechanisms or modes) were classified by
Haygarth and Jarvis (1999), who suggesied that the
three processes for P transfer are dissolution, incidental,
and physical transfers. For example, leaching is a mecha-
nism that would typify a dissolution process; it is com-
monly used and describes the elluviation of solutes
through soils (Wagenet, 1990; Weaver et al., 1988a,
1988b). In fact, leaching is a process term that may
be most appropriately applied at the micro scale, for
example within the soil profile. More specific examples
of mechimisms would be localized soil processes, such

caused public concern and i political p

to identify and remediate the causative nutrient sources
(Burkholder and Glasgow, 1997; Satchell, 1997; Turner
and Rablalais, 1994; USEPA, 1997). In many cases, al-
tention has focused on agriculture as a source, particu-
larly P transfer. This is due to a decrease in the relative
importance of point sources because of their ease of
identification and control during the last 20 yr (Sharpley
et al, 1994a). Also during this time, a specialization
and intensification of agricultural systems has led to an
accumulation of P in excess of crop needs in some arcas
(Haygarth ci al., 1998a; Sharpley et al., 1998a). In re-
sp:ngs:. I‘exi n is arious stages of development
and

as enzyme h; . or P
sorption.

.l"h ysical modes (macro-scale processes) are the oppo-
site extreme to dissolution and the simplest example of
these are mechanisms of detachment and soil erosion.
The physical displacement and entrainment of colloids
(Haygarth et al., 1997) and submicron-sized material
should be included in this classification. Intcrmediate
between dissolution and physical modes are incidental
modes of Ptransfer, which describe the short-term trans-
fer of farm amendments of P in fertilizer, manure, or
animal dung. This short-term transfer of P is generally
acknowledged to occur when effective rainfall removes
the most often soon after application (Ed-

to facilitate nutrient
planning that will include P, as well as N. This has
dramatically H’ICYCiﬁEd the need for research to provide
data on which d
tions can be made.

In providing these data, research on P transfer from
soils 1o waterways attracts varied and vaguely defined

which causes

air scientific communication. The main rea-

and can im

P.M. Haygarth, Institute of Grassland and Environmental Research,
North Wyke Research Station, Okehampton, Devon, EX20 258, UK;
and AN. Sharpley, USDA-ARS, Pasture Systcms and Watershed
Mana { Rescarch Lab,, Curtin Rd., University Park, PA 16802
3902, Received 9 Sept. 1998, *Carresponding author (phil haygarth@
bhsre.ac.uk).

Published in J. Environ. Qual. 29:10-15 (2000).

wards and Daniel, 1993; Sharpley et al., 1998b; West-
erman and Overcash, 1980).

Pathway Terms
I transfer pathways are particularly diffi-
cult to classify because they incorporate a range of spa-
tial scales of water flow, as well as variations in plane
and time scale of flow. In Table 1 we have attempted
to classify the most popular terms to describe pathways,
which incorporates these three parameters. Other classi-
fications of hydrochemical transfer pathways have been
published, although they are of varying relevance to
P transfer per se (e.g., see Anderson and Burt, 1990;

Abbrevistions: DRP, dissolved reactive P; Mo, molybdate; RP, reac
tive P, TP, total P; unf, unfiltered; UP, unreactive P.
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Abstract

This paper reviews current knowledge on sampling, storage and analysis of phosphorus (P) in river waters. Potential sensitivity of rivers with
differe

physical, chemical and biological ch

s (trophic status, turbidity. flow nxmh. matrix chemistry) is exar

ned in terms of

associated with sampling. sample preparation, storage

®  The need to ilor analytical reagents and conce
f matrix interference

®  The influcnce of variable rates of phe
The differing responses of river wates

®  The higher sensitivities of samples with low P con

Given Imhunmmht\
of Pin rives

i
river water fo P iy bascd o thorough site-specific method testing and sssessment of P stabili

at the regionalinational scale where inter
are suggested. The study highlights key areas requiring

Key words: phosphorus, orthophosphate, solubl
filtration, preservative, fractionation, digestion

ctive, parti

Introduction

Phosphorus (P) plays a key role in eutraphication of
waters (OECD, 1982; Hecky and Kilham, 1988). Elevated
P concentrations in rivers have been linked 1o increasing
rates of plant growth, changes in species composition and
proliferation of planktonic and epiphytic and epibenthic
algae, resulting in shading of higher plants (Mainstone and
Parr, 2002). Phosphorus exists in a wide variety of forms in
natural waters, in both dissolved and particulate phases, and
in inorganic and organic forms, including bioma:
forms are highly inter-reactive with cach other and with the
aquatic ecosystem. Extensive and relinble measurements of
P fractions in rivers are required to:

'hese

1o physical and chemical conditions of sto
mirations to storage and snalytical emors,

teristics in space and time, no sir
* guidelings are suggested, which recommend that pr

Key issue d include:

jons to take into uccount the charucteristics of the sample matrix

formation,

nalysis
rage and analysis of
wider sampling programmes

hodology for sampling, storage &

‘method and stability testing are not feasible, “Precautionary Practice’ guidelines
ther investigation for improving methodological rigour.

orimetry, stability, sensitivity, analyti

., storage, sampling,

Assess the fate and behaviour of P, including cycling
between dissolved and particulate phases;
®  FEvaluate the impacts of point and diffuse sources on

in-stream P concentrations and fluxes;

mine river water P concentrations in relation to
environmental standards within statutory national water
quality monitoring programmes.

However, the various P species have 1o be measured ona
pragmatic/operational basis due to the complex chemical
propertics of P in natural ers. Thus, the different chemical
species of P are rarely resolved analytically and the P
fractions, which are measured routinely in water quality

"3

Hydrobiologia 170: 61-50 (1988)
G. Persson and M. Jansson (eds) Phosphorus in Freshwater Ecosystems 61
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Particulate and dissolved phosphorus forms in freshwater:
composition and analysis
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Abstract

In recent research, p late and di d phosph p ts have been sep d and charac-

terized on the basis of their physical and chemical properties and partly by their origins.

Classical operationally defined monitoring variables (dissolved reactive phosphorus, dissolved un-
reaclwe phosphorus and particulate phosphorus} are not congruent with known specific physical or

horus in natural waters or with their bioavailability.

Physical isolation nf true particles, colloids and molecules of various sizes is possible at present
although it is not recommended for routine use.

Chemical characterization of particulate phosphorus is performed mainly by sediment extraction
procedures (spccializad for inorganic species) and - to a lesser degree — by cell extraction procedures
(specialized for organic compounds). The extraction pmcadures are similar and physical preseparation

or alternative p d (eg. a,ssays) are

Smaller ml]mds and dissolved are physically separated by column chromatography and
are often 1 ized by degrad on the addition of specific enzymes.
Introduction hosphorus — dissolved ive phospt

(DUP), total dissolved phosphorus (TDP), and

Hasta aqui llegaremos aqui...
pero hay muchisimo escrito de estos temas...

The positive identification of chemically defined
phosphorus compounds in nature and their
analytical quantification has long been a chall

particulate phosphorus (PP) (note the additional
physical characterization included in several

groupings). The fthese and several

for aquatic chemists. The analytical determina-
tion of orthophosphate may serve as an example
(Broberg & P 1988). Most frequently we
have to rely on operationally or analytically deter-
mined fractions as chemical estimates of one or

equivalents is discussed by Olsen (1967). The
importance of operational definitions may be fur-
ther stressed even by measurements of total phos-
phorus (TP) which, depending upon the method
used. may be less than the totality of elemental

in ion. Common
fractions are: dissolved reactive phosphorus
(DRP) - often referred to as soluble reactive

many pure co dsi i

h in the sample (p. 64).
Both physical and biological properties of
phosphorus compounds have received much
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