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SUMMARY

The rate of isotopic distribution of labelled phosphorus, added as Hg**P(,, between
inorganie and organie phosphates and phosphates contained in micro-organisms was
measured in pig slarry. Incorporation of 3P in all these phosphates oceurred quickly
in both asrated and non-serated pig slurry. On the bagis of a simplified model, turn-
over times for phosphorus were calculated to be of the order of 1020 weeks for both
non-aerated and acrated pig slurry.

Pig slurry contains 1-2%, P {of dry matter) of which 10-309% is in organic molecules
and 2-39 is in micro-organisms, About 10-209%; of the organic phosphates is in solu-
tion, amounting to 10-20 mg P/l. The concentration of inorganic P in solution is of
the order of 10-100 mg(l though, at low CafP ratiog in the feed, can be ag high as
1000 mgfl.

Organic phosphates in solution in pig slurry are of high molecular weight and probably
consist of DNA complexes with polyphosphates, Ca and (if used in the feed) Cu.

It is coneluded that all organic phosphates in pig slurry are of microbial origin and
that the feed composition has little influencge on the organic phosphate content of the
slurry.

Argumenta for application of the results o pig slurey in goneral and to wastes from
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other animals are given.

INTRODUCTION

Phosphorus in animal wastes, which in some
agrioultural areas are applied to the soil in excessive
amounts, is 8 potential pollutant of surface and
ground water. Inorganic phosphate is usually
assumed to be effectively adsorbed by the soil,
though excessive application of solutions of
moderate phosphorus eoncentration ean be shown
t0 give a rapid movement of inorganioc phosphate in
the soil (Goodrich, 1970). The predominance of
organic phosphates in phosphorus movement in the
aoil has heen noted by Hannapel, Fuller & Bosma
(1963), Hexmapel, Fuller & Fox (1963), Rolston,
Rauschkolb & Hoffmann (1975}, and Carnpbell &
Racz (1975).

In pig slurry 10-309%, of total phosphorus (P) is
contained in organic phosphates, of which a small
part is present asz inogitolhexaphosphate and the
rogt iy of unknown eomposition, though probably
of miorobial origin (Sauerlandt, 1960; Peperzak et

* Present address: Poljoprivredni Instibute, Juzno
Predgrade 17, Osijek, Yugoslavia.

al. 1959%; Caldwell & Black, 1958; McAuliffe &
Peech, 1949).

From solubility data of epleium and phosphorus
(Barrow, 1975) it can be concluded that inorganic
phosphate in pig slurry is present a8 caleium
hydrogen phosphate (CaHPO,.2H,0) and calcium
prhosphates of lower solubility of very small particle
diameter (Largen, 1868).

Ag part of a thorough study of the movement of
organic phosphates from manure in the aeil, we
congidered it important to eatablish the origin and
nature of these phasphates by elucidating the
phosphorus cycle in pig shurry during aerobic and
anaerobie storage. This paper reports an atternpt to
obtain information on thig eyele by adding radio-
active phosphorus as HgP0, to pig slurry and
studying the distribution rate of this Iabelled
phosphorus between inorganic and organie phos-
phates in the solid phase, the micero-organisms and
the liquid phase ag & funetion of timo and type of
storage. In this way it iz also possible to estimate
the relative contribution of dietary and microbial
phosphates to the total amount of organie phos-
phate in pig slurry.
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MATERIALS AND METHODS

Two portions of 101 of shurry were made by
mixing pig faeees and urine in such proportions that
a mixbure with a dry matter content of 79, was
obtained. o each of these batches 0-45 mCi of 2P
ag H,PO, was added. One of these radioactive
glurries was serated and the other was left un-
disturbed, except when sampling. The temperature
wag kept between 20 and 25 °C. Both slurries were
sampled 1 day, 2 woeeks, 6, 9 and 15 weeks after the
addition of 32P, In the 11 samples pH, dry matter,
total and inorganic phosphorus were determined.
Radioactivity of the dried samples was determined
after destruction with HNOGH,80, (1: 1 by
volume). Activiby was measured directly (Philips
liquid scintillation analyser), making use of %P
Cerenkov radiation. The counting efficiensy was
about 40 %,.

Part of the sample was centrifuged, first at 2000
g, then at 40000 g followed by filtration through a
series of membrane filters down to a pore dinmeter
of 0-2 gm. The slurry liquid passing the 0-2 ym
filter was subjected $o gel filtration through a
colurnn of Sephadex G-100 (Pharmacia), using
double distilled water as elutant, The eluate of the
gel column was divided into three fractions. The
first fraction contained compounds of high mole-
oular weight, the second and third fractions con-
tained eompounds of increasingly lower molecular
weight. Radioactivity in these fractions was again
measured after destruction.

Phosphorus in gamples and fractions was dseter-
mined colorimetrically using ascorbic acid (Murphy
& Riley, 1962) or metol (=4-methyl amino phenol
sulphate) (Rameau & Ten Have, 1950) as reducing
agent. The metol method waa found to.be the least
subject to disturbance, but the Murphy & Riley
method was more sensitive by a factor 10 and
was therefore used at low phosphate concentrations.

Inorganiec phosphate in dried slurry was deter.
mined by extracting it with a solution containing
20 ml HF (409%), 400 ml! HO (36 %), and 18 mi}
TiCl, made up to 11 (Tinsley & Ozsavasei, 1975).
Two grams of dried slurry were refluxed with 50 ml
of this extractant for § min on a boiling water bath,
cooled quickly, filbered (glassfilter G3) and washed.
Phosphorus in the filtrate was measured directly by
the metol method and equated to the inorganic
phosphorus in the pig slurry.

Inorganic phosphorus in dried slurry was also
determined in a more subtle way by extracting first
with 109, TCA (trichloroacetic acid) and then with
0-01 m EDTA (disodium salt of ethylene diamine
tetraacetic acid) in 0'1 w-NaQH. Between 1 and 2 g
of dried slury were shaken with 100 ml TCA
solution for 3 h at 0 °C, centrifuged and the residue
washed with water. The residue was then shaken
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with 100ml NaOH/EDTA solution for 12 h,
centrifuged and washed with the extractant. Both
extracts were analysed for inorganiec phosphorus
directly and for total phosphorus after evaporation
of water and subsequent destruction. It wag found
that in this way all phosphorus compounds could
be extracted and that the quantities of total and
inorganie phosphorus were similar to the quantities
foumd by extracting with HF/HCI/TiCl,.

Slurry was dried in vacuum at 60 °C and also
freeze-dried. No significent difference in results of
inorganic and organic P analyses was found between
these two methods of drying. The dry-mstter
content of the pig slurry was determined from the
loss of weight at 105 °C after 12 h.

The difforence bebtween total and inorganie
phosphorus is termed organic phosphorus. It is thus
possible that in this way polyphosphates, which
can oocur in micro-organisms and solution (Hooper,
1973; Fuhs & Chen, 1975} are partly measured as
organic phosphates. The term organic phosphates
ig thus used for both phosphate contained in
organic molecules and for stable polyphosphates.
As microbial polyphosphates often oscur complexed
with proteins, DNA snd RNA (O’Kelley, 1973) this
ie not inappropriate.

ISOTOPIC DISTRIBUTION

The radioactivity in the slurry liquid, corrected
for radioactive deocmy, decroases due to isolopic
distribution between inorganic and organic phos-
phate cornpounds in the solid and liquid phase and
in miero-organisms. Uptake of inorganic phosphate
from solution by bacteria is a rapid process (Hayes
& Phillips, 1958; Hodson, 1973) as is exchange with
golid rnineral phosphates (Pomeroy, Smith &
Grant, 1865). In Fig. 1 the various pathways
involved in the distribution of P in pig slurry are
ghown. In kinetic terms this model can be approxi-
mated as follows:

”P;u ;; saP; {1)
in which
8P’ = gpecific activity in solution,
P’ = gpecific activity in solids.

If 3P, and P, are the respective activities

{counts per minute) in zolids of a given volume of

slurry and n,, and n, are the corresponding amounts
{mg) of total P, then the following relations hold:

2p’ - fi]_?l‘,
m nm
2P, = P [n. = specific activity in solution at
t{ime) = 0, and from this:
wp wro—nm.ﬂl?,;’
s fig
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in the experiment 3P, = 35000 cpm (counts per
minute)fml.
At equlhbrlu.m 2p,

rium is attained

= 3P’ and before equilib-

§UIp ;
" k(sz}; —~3Pp))
or, substituting for 3P,
Bl BBy 14K 4 wpr

I Ny &

where
K = Wy,
Infegrating gives
In (%°P), %P, V= —A.5+B, (2}
(complexes),

nt

X
organic matter

C42 +*
e (%P} (calcnum phosphate),

H\——\

{micro-orgamsms], ,,

(polyphosphates),,

f
org:unc matter
ot

L {complexes),—— 8 —

{organic phosphates),,
/ t
Fig. 1. Model for the phosphorus eyele in pig slurry,

according to which labelled phosphorus (#P) is distribu-
ted. s = solids; m = in solution.
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in which

A= 1—+5 .k, and B = In {P, —%F, [(1+x)}.
The radiocactivity in solution at equilibrinm is.
caloulated from:

P e = 3P, f(1+k). (3)

The parameter x is the capacity ratio of phos-
phorus in the slurry and is taken as the ratio
between total phosphorus in solids and miero-
organisms (=mn,) and. total phosphorus in solution
{ =n,,), both in a unit volume of slurry. The labelled
phosphorus 19 thus assumed to beeome distributed
between all phosphate fractions. If this is not the
cage the capacity ratio of phosphorus must be used
for only those phosphate fractions between which
3P iy distributed.

RESULTS

Distribution of 3P between solid and dissolved phos-
phates

Results of chemical analyses of the slurries at
various times are given in Tables 1 and 2. Total
organic P content is slightly higher in the case of
acrated slurry, while inorganic P in solution is
significantly lower. The total amount of organic
phosphorus can be said to remain constant for both
aerated and non-aerated slurry during the time of
storage (3 months).

From the data in Tables 1 and 2 the capacity
ratios, as used in equation (3} can be caloulated for
total, inorganic and organic phosphorus in pig
slurry, Results are given in Table 3. The speoific
activity of phosphorus in thoroughly mixed slurry
samples wes checked at each sampling. The average
value from four samplings was 33 000 cpmfmmg P for
total phosphorus and 40000 for inorganic phos-
phorus. The coefficient of variation of these values
was 3-4 %.

In Table 4 the activities in slurry hqmd obtained
after filtration through a 0-2 gm membrane filter,

Table 1. Inorganic and organic phosphorus contens of non-gerated pig shwrry

Sarmpled D.M. P, Py Pog P, <02 Py < 02 Py < 02
after (%) (% of D1} pH {mg/l slurry liguid)

1 day 68 148 1-26 02 84 106 T4 30
2 woeks 67 1-53 1-31 02 8-3 135 90 45
6 weeks 63 162 1.35 0-3 86 161 148 10
9 weeks 61 1-64 1-39 03 87 144 129 20
15 weeks 56 1-80 1-60 0-2 85 110 — —
8.D. 0-06 0-032 0-028 007 _— 2:6 2:2 b

Pﬁ, Pin and Pnrg

= totel, inorganic and organic phosphorus (as P) respectively in dried pig- slarry; < 0-2 = in

solution after filtration through a 0-2 fm membrane filter (= ‘slurry liguid®); Ca/P ratio in the feed used was

1-2-1-5.
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Table 2. Inorganic and organic phosphorus content of aerated pig slurry
Bampled .M. P P Pog P,<02 P, < 02 P, < 02
after (%) {% of p.m.) pH {mg/l slurry liquid)
1 day 68 1-55 1-25 03 84 105 57 50
2 weeks 6-0 170 136 04 90 100 74 30
6 woeks 52 1-95 1-60 04 90 61 43 20
9 weeks 41 2-50 2-00 05 89 57 35 20
156 weeks —_ — —_ -_ — &5 — —_
8.D, 006 0-038 0031 0-08 —_ 1.5 1-0 3

P, Py, and P,y = total, inorganic and organic phosphorus (as P) respectively in dried pig slurry; < 02 = in
solution after fltration through a (-2 gm membrane filter (= “slurry liquid’}; Ca/P ratio in the feed used was

1-2-1.5.

Table 3. Oapacity ratios for total, inorganic ond
organic phosphorus in pig slurry, calcwloted from

Tables | and 2

Sampled Ky Kp  Kog Ky Kin  Korg
after {non-aeratod slurry {serated slurry)

1 day 3 114 4.2 96 146 3-8

2 weoks 71 94 25 99 1056 78

6 woeka 58 51 130 165 194 96

9 weeks 64 61 845 17-8 234 87

15 weoks 87T — = _ = -

Ky Kins Korg BT the capacity rabios for totel, inorganic and
organic phosphorus respectively = the ratios between
phosphorus in solids (including mierco-organisms) and
dissolved phosphorus.

are given for the various samples. For aerated slurry
Table 4 shows that the slurry liquid has a specific
activity approaching the equilibrium value for
distribution between all phosphates in about 15
weeks. In the non-aerated slurry the distribution ig
still far from equilibrium after 15 weeks, the specific
activity being much higher than the squilibrium
value of 33000 cpmjmg P for distribution between
total phosphorus or 40000 for distribution between
inorganic phosphorus only. To caleulate the kinetic
constant & (equation 1) the specific activities for
total phosphorus from Table 4 were plotted
according to equation (2), as shown in Fig. 2, For
serated slurry % = 0-5fweek and for non-serated
slurry k& = 0-07/weeck, giving times for complete
turn-over of phosphorus of 2 and about 15 weeks
respectively. These turn-over times are of course
for the entire process of exchange, without giving
information on the separate contributions of
caleium phosphates, micro-organisms, organic
phosphates, eto.

The higher apparent turn-over rate measured for
aerated slurry is primarily caused by rapid ex-
change with caleiumn phosphates, due to continuous
mixing.

Distribution of 52P between dissolved organic and
inorganic phosphates

By subjeoting the slurry liquid after filtering
through a 0-2 gm membrane filter to gel filtration,
organic phosphates ean be separated from inorganic
phosphates. Results are shown in Fig. 3. All in-
organic phosphates {and also coloured, compounds)
are eluted hetween 45 and 85 ml {not shown in Fig.
3). Thus using Sephadex G-100 an almost complete
separation between orgenic end inorganic phos-
phates in slurry liquid can be obtained. Further-
more, it can be concluded that phosphates eluting
between 20 and 46 ml must be of high molecular
weight (of the order of 10® and higher), Tests for
DNA (Kakéé & Vedjdslek, 1974, pp. 872-3, 922--3)
weare positive but not conclugive. The first fraction
wag also turbid, caused by particles much smaller
than (-1 pm. Treatment of the first fraction with
HOC1 to 5 N and subsequent boiling for & min
resulted in a decrease of organie phosphorus of
20 9, but the turbidity remnained. It ig possible that
the turbidity is caused by aggregates of DNA, Cu
(the concentration of which in slurry liquid is about
1 mgfl), Ca and (poly) phosphates (Scharpf, 1973;
O’Kelley, 1973).

In Table 5 the activities and. specific activities
are given for slurry liquid fractions obtained by gel
filtration on Sephadex G-100. From Table 5 it
follows that in slurry liquid an even distribution of
22P hetweon inorganic (eluate fraction 55-85 ml)
and organic phosphates {eluate fraction 20-45 ml)
is approached in aerated slurry more quickly than
in non-aerated slurry. The rate constant for turn-
over of dissolved phosphorus ean be calculated
from

%P,

5 = k. (aaPl’n_ awp’

org}

(4)

in which % == rate constant, ¢ = time, 3P, =
specific activity in gel filtrate fraction 20-45 ml,
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Table 4. Activities in pig slurry filkered through 6 0-2 pm membrane filter
Non-aerated Aerated
r A al f A ™
Specific 8pecific Specifio Specifio
aetivity activity activity activity
Sampled Activity total P inorg. P Activity total P inorg. P
aftor (cpm/ml) (opm/mg) (epm/mg) (spm/m]) {epm/mg) (cpm/mg}
1 day 22600 215000 -300000 18600 177000 326000
2 weeks 16500 122000 183000 11500 115000 1565000
6 weeks 14000 87000 94500 2300 37700 - B3B00
% weals 12000 83000 94 500 2000 35000 60000
12 weeks 10500 —_ — 1900 — -—
15 weeks 6200 58000 — 1800 33000 —_
av. (%) 1 3 3 2 4 4

The activilies are corrected for radiosctive decay to 0 days. Counting time was 20 min in a velume of 20 ml.

]n (BZPM‘ _ szP"m)

! ] | | 1 ] | | ]

6 I ] ] 1 ] ] ] |

1 2 3 4 5 6 7 8

9 10 il 12 13 14 15 16 17 18

Time of sampling (weeks)

Fig. 2, Plot of the radioactivity in the slurry liquid filtered through & 0-2 jan membrane filter
a8 a function of time, according to equation 2, for aerated ((O) and non-serated {@) slarry.

82p; = specific activity in gel filirate fraction 55—
85 ml.

Applying equation (4) to the data in Table 5
gives a k value of 0-05-0-1fweek for both serated
and nen-aerated slurry. It can thus be said that the
time for complete turn-over of phosphorus in pig
slurry (at 20-25 °C), based on reaction rates, ealcu-
lated for dissolved phosphorus, lies between 10 and
20 weeka for both aerated and mon-asrated slurry.
This turn-over time is determined by biological
uptake and release of dissolved inorganie and

organic phosphates and not by exchange with
mineral (Ca) phosphates.

Phosphate in micro-organisms

From the number of microbial cellsfml slurry,
105.-10Y (Erickson, Ellis & Tiedje, 1975), the
phosphorus content and weight of a cell, 0-5-29;
and 10-12 g respectively (Schlegel, 1972, pp. 18-19),
a posaible range of 0-0005-0-2 mg P present in
miercbesfml slurry can be calenlated.

In order to get & better estimate of the amount
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of radicactivity and phosphorus incorporated in
miero-organisms, after 12-5 weeks an aliquot of
thoroughly mixed slurry was treated with chloro-
form (109, by volume) and left for 24 h at about
20 °C. Anocther aliquot was treated in the samse
way, but after adding some sand it was shaken at
35 °C for 24 h. The samples were then centrifuged
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(40000 g) for 1 h, after which the radioactivity was
measured in the supernatant. Reference samplos
were treated in the same way without adding
ohloroform. The increase in radicactivity {counts
corrected for radioactive decay) varied from 50 to
250 cpm for asrated slurry and from 700 to 1000
cpm for non-aerated slurry (three meagsurements).

20 @ 20 ®
E g
Py
2 10} 10 -
‘gﬂ
(@}
I I | I_I L1 0 T B 1 11

0
10 20 30 40 306 60 70 8C 90 100

10 20 30 40 50 60 70 80 90 100

Eluate (ml)

Fig. 3. (o) Gelfilization of organie phosphate in shurry liguid filtered through a 0-2 gm membrane filter
through a column of Sepharose 2B (Pharmacia). Organie phosphorus was measured a3 the difference
between total and inorganie phosphorus in the fractions. Total volume of the eolumn = 70 ml, elution
volume for blue dextran = 26 ml. The exclusion limit for Sepharose 2B is given as 107-10°* (moleoular
weight). (b) Gelfiltration through a column of Sephadex G-100 (Pharmasia). Total volume of column =
62 ml, elution volume of blue dextran = 15 ml. The exclusion limit for Sephadex G-100 is given as

105-108 (moloeular weight).

Table 5. Activities (cpmfml) and specific activitios {epmfing P) in fractions obtained by gelfiliration
of pig sturry through Sephadex G-100, after filtration through @ 0-2 pm membrane filter

Activity Specific activity
A, -
L4 Al r Al
Non-serated Aerated Ehted volume Non-aserated Aerated Sarapled
slurry slurry (ral} slurry slurry after
20 160 20-45 500 4600 1 day
400 420 — 10000 9000 2 weeks
2500 1200 _— 30000 18000 6 weeks
5000 1300 — 50000 21000 9 weeks
370 330 4555 30000 27500 1 day
760 220 — 25000 22000 2 weekse
11400 720 — 85000 28000 6 weeks
10000 1200 — 80000 46000 9 woeks
108000 95000 55-85 216000 160000 1 day
81000 56000 — 133000 126000 2 woeks
57000 8700 — 96000 43000 6 weeks
45000 7000 - 82500 35000 9 weoks

The coefficient of variation varies from 109 at low activity {20 ecpm/ml) to 1%, at the highest activities; the
corresponding coefficients of varistion in the specific activity are 16 and §9%,. The activities are corrected for
radicactive decay to 0 days. Counting time was 20 min in a volume of 20 ml.
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Table 6. Results of radioactivity measurements in pig shurry after removal of calcium by extracting twice with
NaHOO/EDTA solution at ph 88, followed by lysis of micro-organisms and o third extraction. Reference

samples were treated in the same way withowt lysis, The sample was taken 14 weeks after addition of BP

Non-aerated slurry Aerated slurry
A A,
i hl r Y
Activity, Activity, Activity, Aetivity,
no lysis Pyt lysis P no lysis ) 9 lysis Pyt
(cpm/ml)  (mgfl)  (cpmfml)  (mg/l) {epmjml}  {mg/l) (epmfml) (mg/)
Supernatant 10000 — 10000 — 3500 —_ 3500 —
1gt extraoct 20000 — 20000 — 20000 — 20000 —
2nd extract 13000 — 13000 — 10000 — 10000 —
3rd oxtrasch 5600 270 7000 300 4500 140 5600 170
0v. (%) 5 2 5 2 10 2 10 2

The data are averages of four measurements. Lysis with chloroform or by a freezing (— 35 °C) and thawing eycle

gave identical results.

Part of the phosphorus released after oell lysis by
chloroform could preeipitate with caleium and thus
not contribube to the inerease of radioactivity of
the solution. To overcome this problem another
procedure was followed. Pig slurry was centrifuged
at 6000 g end the supernatant decanted and re-
placed by o solution of pH. = 8-5, containing 1%,
{(by weight) NaHCO, and 0-05 m-EDTA, then
shaken for 15 min, centrifuged and decanted again.
This procedure was repeated. In this way caleium
is extracted fromn the slurry, while micro-organiams
remain in the residue. After decanting a third, time
chloroform was added to the residue or the residue
was subjected to a cycle of freezing and thawing to
lyse micro-organisms. The residue was then shaken
with NaHCO,/EDTA solution and centrifuged once
more, after which radicactivity and total phos-
phorus content of the supernatant were determined.
Reference samples were treated in the same way
without lysing the micro-organisms. Results are
given in Table 6, from which it can be seen that
ahbout 0-03 mg P is present in microbes/ml slurry.
This representa about 15-20 9%, of total organic P in
pig sharry. )
Total organic phosphate

Vaouum-dried slurry was extracted, as described
under Materials and Methods, with TCA and
NaOH/EDTA, after which the specific activities in
the extracts were determined. The results for the
various sampling dates are given in Table 7. With
TCA. about 50 9%, of all organie phosphorus in pig
slurry and practically all inorganic phosphorus is
extracted. With NaOH/EDTA. the remaining or-
ganic phosphorus is extiracted. This extract
thus contains practically only organic phosphorus.
In Table 4 the specific activity in the aerated slurry
liquid is seen to approach the equilibrium value of
38000 cpmfmg P for distribution between all phos-
phates, which means that all organic and inorganie

Table 7. Specific activities (opmfmg P} in extracts of
dried pig shurry at various times of sampling

Extraction
Extraction with NaOH/
with TCA EDTA
Sampled Non- Non-
after aerated Aerated aerated Aerated
1 day 36500 36500 25000 18000
8 weeks 34000 32000 66500 39000
9 weeks 34000 32000 52500 36500
ov. (%) 5 5 5 5

phosphates take part in the cycle of Fig. 1. This is
corroborated to a certain extent by the data in
Table 7 for the NaOH/EDTA extracts. For non-
aeratedslurry the data point to asimilar distribution,
but the time necessary to obtain complete equi-
librium conditions is much longer.

DISCUSSION

From the data obtained, it can be concluded that
phosphorus in organic and inorganic phosphate
cornpounds in pig slurry takes part in a biological
reaction cycle with a turn-over time of 10-20 weeks.
Turn-over rates in acrated and non-aerated slurry
are not significantly different. Organie phosphorus
content of aerated pig slurry is only slightly higher
than that of non-aerated eglurry. The driving force
in the phosphorus c¢yele is provided by miero-
organisms; 10-20 9, of all organic phoaphorus in the
slurry is contained in microbial cells, another 10—
209, is in solution and the rest is in solids. Fresh
manure from young animals and poultry can have
high organic P contents {up to 609, of total P),
mainly due to organic phosphorus from the feed
{Peperzak ef al. 1959; Sauerlandt, 1960). Because of
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Table 8. Influence of the phosphorus composition of pig feed on the phosphorus composition of wurine and faeces
Separate sumples were taken from groups of thres pigs fed the same diet. The weight of the pigs was about 68 ky

Ca/P In feed {9 of D.M.) In facces (% of D.ae.} In urine {mg/l) In urine* {mg/l}
ratio ’ A N f A N — Am— ———A———
in feed P, Pn Pu P Py P Py Py Puy P, Pu Poy
0:46 32 0056 027 1-36 106 08 44¢ 31 13 11 5 —
22 0-89 006 053 140 118 Q-2 1090 1000 90 870 800 @
0-30 0-50 017 0-33 1-58 122 08 650 600 50 820 480 40
037 0-62 008 0054 1-40 118 02 870 800 70 700 660 40
055 060 008 052 157 131 03 650 600 50 520 500 20
oV (%)
3 2 4 3 2 20 b 5 100 2 2 50

Dry matter in facces was 309, (8.0, = 2-0) for all samples, for urine this was 1-5% (s.0. = ¢-50),
* Urine filtered through a 0-2 gra membrane filier,

the phosphorus eycle, the organiec phosphorus
content of the feed can be expected to have little
influence on the organie phosphorvs in manure,
stored a long time or from anirnals where decornpo-
gition and resynthesis of organie phosphates in the
digestive tract occurs fast (MoAuliffe & Peech,
1949).

To investigate the influence of the feed in the case
of pigs, faeces and urine were analysed from five
groups of three animals given feeds of various Ca,
inorganic and organic P contents. From the data
(shown in Tablo 8) it can be geen that organic P
content of faeces iz fairly constant and is not
influenced by the phosphate composition of the
feed, while inorganic P content tends to rise with
inoreasing total P content of the feed. Similar
results have been mentioned in the literature
(Bromfield, 1961) for sheep facces. It can be con-
cluded from Table 8 that facces contributes most to

organic phosphorus in shurry. Inorganic phosphorus
in urine can be very high, apparently at a low CafP
ratio. The organic P content of pig slurry, ranging
between 15 and 259, of total P and between 0-2
and 0-4 % of p.M., can be said to be an equilibrium
value in the phosphorus eyele. Data from the
literature (Peperzak et al. 1959; Sauerlandt, 1960)
and our own work show that for other animals
organic P content of manure, on storage, approaches
e similar equilibrium value, pointing to the same
phosphorus equilibrium or cyele as in pig alurry.

Ir. A W. Jongbloed from the IVVQ, Institute
for Livestock Feeding and Nutrition Ressarch
‘Hoorn ', kindly provided the samples of pig facces
and urine, used in our experiments.

One of us (I. Zugee) wishes to thank the Inter-
national Atomic Energy Agency in Vienna for
granting him a Fellowship for this project.
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