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Campbell, A.J., MacLeod, J.A. and Stewart, C. 1997. Nutrient
characterization of stored liquid hog manure. Can. Agric. Eng.
39:043-048. Liquid swine manure from eight Prince Edward Island
concrete storage facilities was sampled at three depths in the fall of
1992. Samples were analysed for dry matter (OM), NH4+-N, P, K,
Ca, Mg, S, Cu, Zn, Mn, Fe, and B. Ory matter content and most
nutrient concentrations declined as sampling depth increased except
K and B which had the highest concentration at the mid depth.
Samples taken from the mid depth generally represented the average
manure nutrient concentrations in the storage. There were significant
differences between farms on a volume basis for all parameters
except P, Mg, Zn, Mn, and Fe and on a OM basis except for NH4+-N,
Mg, and Mn. High manure Cu concentrations on some farms sug
gests that Cu toxicity problems could occur over time with high
annual application rates on low pH soils. A regression analysis of the
nutrient concentrations against OM indicated that P, Ca, Mg, S, Mn.
and Fe could be predicted if DM content were known but OM content
was not helpful in predicting NH4+-N, Zn, K, B, or Cu.

Ou Iisier de porc provenant de huit reservoirs de beton situes sur
des fermes de I'lle du Prince Edouard, a ete echantillonne it trois
profondeurs durant l'automne 1992. Chaque echantillon a ete ana
lyse afin de determiner son contenu en matiere seche, NH4+-N. P, K.
Ca, Mg, S, Cu, Zn, Mn, Fe et B. Le contenu en matiere seche de
meme que la plupart des concentrations des composanles ont di
minue avec l'augmentation de la profondeur de I'echantillonnage.
exception faite de K et B qui ont eu une concentration maximale it
une profondeur moyenne. Les echantillons obtenus it profondeur
moyenne ont generalement ete represenlatifs de la composition
moyenne des Iisiers entreposes. II y a eu, de fa~on significative, des
differences entre les lisiers de chaque ferme pour tous les parametres
ctudies sur une base volumetrique, exception faite de P, Mg. Zn. Mn
et Fe, et pour tous les parametres etudies sur une base de matiere
seche, exception faite de NH4+-N, Mg et Mn. De hautes concentra
tions de Cu dans Ie lisier de certaines fermes soulignent la possibilitc
du developpement de problemes de toxicite au cuivre pouvant
decouler de I'epandage d'une grande quantite de lisier sur des sols
ayant un pH peu cleve. Une analyse de regression, sur les concentra
tions des composantes par rapport a la matiere seche, a indique que
les concentrations de P, Ca, Mg, S, Mn et Fe peuvent etre estimees
en fonction de la concentration de matiere seche. La concentration de
matiere seche ne permet cependant pas d'estimer les concentrations
de NH4+-N, Zn, K, B, et Cu.

INTRODUCTION

Swine manure chemical characteristics are generally ex
pressed in tenns of maximum, minimum, average and, in
some cases, standard deviation values (Tunney and Molloy
1975; Beauchamp 1983; Fraser 1985; Collins et al. 1988; and
Kumar et al. 1990). These characteristics vary widely, often
by a factor of 3 to 4 times. Animal diet, animal age, type of

storage, manure handling system and water content are pos
sible sources of this variation (Beauchamp 1983; Tunney
1980).

Less infonnation on the micro-nutrient content of swine
manures is available. Zublena et al. (1990) provided infonna
tion on concentrations of micro-nutrients for l.iquid hog
manure. Maschhoff and Muehling (1985) and the ASAE
(1990) list amounts of micro-nutrients produced per animal
unit but do not refer to the concentration of micro-nutrients
in the stored manure.

Overcash et al. (1983a) discussed the qualities of manure
produced by various livestock sectors, including both macro
and micro-nutrients based on animal production units. Over
cash et al. (1983b) discussed the land-limiting constituent
(LLC) approach for maximum manure application rates. This
approach is based on crop nutrient removal rates, nutrient
losses, and the ability of the soil to assimilate nutrients over
time. Christie (1990) examined micro-nutrient build-up on a .
clay loam soil, over a 19-year manure application experi
ment. He detennined that Cu levels were within 86% of the
soils allowable maximum after 19 years of manure applica
tions of 200 m3.ha- l .yr- 1 on low pH soils.

With the introduction of storage structures of known ge
ometry, systematic sampling can provide farmers and
researchers with a means of detennining manure nutrient
concentrations. This would provide an improved method for
making comparisons of manure handling systems and their
influence on manure nutrient concentrations. This system of
systematic sampling could provide the farmer with a pre
spring estimate of the manure nutrient concentrations and
amounts. The objectives of this study were to select suitable
equipment, develop on fann procedures for the systematic
sampling of stored liquid swine manure, and characterize the
stored manure of a number of Prince Edward Island hog fanns.

MATERIALS AND METHODS

Manure storage facilities on eight hog farms were sampled in
the fall of 1992. A list of swine production facilities was
obtained from the PEl Hog Commodity Marketing Board and
eight fanns were selected at random, at least one from each
county across the island. The nutrient concentrations of ma
nure in various concrete storage structures were
characterized by sampling manure at different depths down
the side of each storage structure. Each storage was sampled
at three depths, shallow (0.5 m from the top of the storage),
mid (the centre of the storage) and deep (0.5 m from the
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bottom of the storage). Samples were taken from near the
edge of each storage and were replicated twice for a total of
six samples per storage.

For the purposes of this study an ISCO 3700 Automatic
Sampler Model Number 68-3700-001 (ISCO Corp., Lincoln,
NE) was selected. The unit has built-in software which con
trols a peristaltic pump and allows for sample line purging
and measured volume sampling. It also produces an output
report of the sample number, date, and time. The unit con
tains a 175 mm long strainer with 7 mm inlets. These units
are designed for waste water sampling, are weather prQtected,
and have an internal power supply. This sampler has 24, 500
ml bottles, thus allowing four farms to be sampled into one
tray.

A sectioned rod, marked in 0.5 m intervals, was con
structed and used to measure the depth of the storage pit. The
rod with the strainer and connecting tube was lowered into
the storage and samples taken at the predetermined depths.

Chemical analysis

For NH4+ analysis, liquid manure samples were agitated and
a 50 mL subsample was collected and centrifuged. A I: 10
dilution was prepared in duplicate for each centrifuged sam
ple. The AOAC approved determination of NH4+ as outlined
in Industrial Method No. 825-87T of the Technicon Traacs
800 Auto Analyzer manual (Bran+Luebbe Analyzing Tech
nology Inc. 1987) was used to determine the NH4+ levels
directly from each prepared sample.

For dry matter (DM) determination, a 20 g subsample was
collected in a tared crucible from the agitated liquid manure
sample. The crucibles were placed in a laboratory oven at 80
°C. for 24 h. The oven-dried samples were placed in a desic
cator until they had cooled to room temperature after which
they were reweighed. The DM was then calculated by differ
ence.

Other macro-nutrients and micro-nutrients were deter
mined by Inductively Coupled Argon Plasma
Spectrophotometry (lCAP). Oven-dried samples were placed
in a cold muffle furnace and ashed for 3.5 h at 500°C. The
contents of the crucibles were cooled, treated with 5 mL of
2N HCI, transferred to a 50 mL centrifuge tube, and diluted
to 50 mL with distilled water. Samples were agitated and
centrifuged and two ICAP analyses were performed on each
sample. ICAP results provided values for P, K, Ca, Mg, S,
Cu, Zn, Mn, Fe, and B.

Analysis of variance was conducted to determine differ
ences between storages (main plots) and sampling depth
(sub-plots). Regression analysis was conducted to determine
the relationship between DM and the nutrient concentrations
of the manure, and testing whether the slope (b) or y-intercept
(a) was significantly different from zero.

Sampling depths

RESULTS AND DISCUSSION

Sampling depths

For the eight storage facilities, the DM, NH4+-N, S, and B
concentrations on a volume basis did not vary significantly
with sampling depth (Table I). Phosphorus, Ca, Mg, Cu, Zn,
Mn, and Fe concentrations declined as sampling depth in
creased, while K concentration increased. The sample taken
from the mid depth corresponded well with the average con
centration across the storage (Table I).

Table I: Summary of nutrient concentrations for
sampling depths reported on a volume basis,
averaged over the eight farms

SED Average

ILl

11.0

1.12

0.27

3.53

46.4

1.64

31.2

0.77

0.30

28.8

0.71

1.67 0.05**

1.08 ns

36.1 6.6*

25.4 ns

3.59 ns

23.9 4.9*

8.12 1.4**

0.28 ns

0.59 0.12*

8.46 1.9*

0.20 0.05*

0.56 0.11 *

Deep

10.9

1.16

1.72

12.2

29.7

46.1

0.30

3.69

0.26

0.71

29.2

0.76

Mid

1.52

14.0

1.11

12.6

31.9

3.31

0.94

0.32

57.0

39.9

0.36

0.86

Shallow

Baron
g/m3

Potassium
kg/m3

Dry matter
kg/m3

Magnesium
kg/m3

Manganese
g/m3

Nutrient

Ammonium
kg/m3

Phos~horus

kg/m

Zinc
g/m3

Calcium
kg/m3

Copper
g/m

Sulphur
kg/m3

(1)[c] =a + b *DM

where:
[c] = nutrient concentration,
a = Y-intercept,
b =slope, and
DM =dry matter.

The analysis was conducted using Genstat V ( 1987).

SED Standard error of the difference
* Significant at the 5 % level
** Significant at the I % level
Shallow - Sampled at 0.5 m from the storage surface
Mid - Sampled at the centre depth of the storage
Deep - Sampled at 0.5 m of the bottom of the storage
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Table II: Summary of nutrients for the farms sampled in the study reported on a volume basis averaged over depth

Fanns in the survey
Nutrient

Dry matter
kg/m3

Ammonium
kg/m3

Phosphorus
kg/m3

Potassium
kg/m3

Calcium
kg/m3

Magnesium
kg/m3

Sulphur
kg/m3

Zinc
g/m3

Manganese
g/m3

Baron
g/m3

18.3

2.68

0.42

1.08

0.48

0.17

0.18

3.21

22.3

6.52

32.8

0.49

2

19.8

1.45

0.63

0.69

0.59

0.23

0.18

3.80

36.3

9.97

34.2

0.48

3

22.0

2.77

0.66

1.47

0.50

0.26

0.26

18.0

19.3

9.55

42.1

1.12

4

28.7

3.50

0.93

1.77

0.67

0.31

0.27

18.2

35.1

12.5

49.9

1.08

5

31.8

4.28

0.81

2.00

0.87

0.25

0.25

3.75

34.0

12.0

54.4

2.03

6

34.2

4.55

0.93

2.04

0.80

0.33

0.30

18.9

38.7

13.2

63.5

1.11

7

40.3

5.33

0.96

2.97

0.78

0.26

0.58

13.7

26.2

14.2

49.8

2.36

8

53.5

5.67

0.80

1.90

1.14

0.36

0.74

8.6

19.3

14.1

45.7

0.67

SED

6.4**

0.30**

ns

0.10**

0.20*

ns

0.42**

2.6**

ns

ns

ns

0.10**

SED Standard error of the difference
* Significant at the 5 % level
** Significant at the 1 % level

Between storage variations

Across all farms in this study, concentrations of OM, NH4+
N, K, Ca, S, Cu, and B on a volume basis varied significantly,
while P, Mg, Zn, Mn, and Fe concentrations did not differ
(Table II). Most nutrient concentrations on a OM basis varied
significantly among farms except NH4+-N, Mg, and Mn (Ta
ble III). This suggests that differences in concentrations are
not simply dilution effects from varying amounts of water
use, but are due to differences in feeding and other manage
ment practices.

A comparison of results from other studies indicates that
macro-nutrients levels in Prince Edward Island stored swine
manure were similar to those of other regions in Canada, the

United States, and Europe. Average values from Prince Ed
ward Island were very similar to those reported by
Beauchamp (1983) in Ontario and Kumar et al. (1990) in the
United States. The nutrient values from England reported by
Tunney and Molloy (1975) were in line with readings from
Prince Edward Island when one considered the more than
two-fold difference in OM for the English manure.

Zublena et al. (1990) reported levels of secondary and
micro-nutrients in liquid swine manure effluent of North
Carolina. When compared to Prince Edward Island levels,
Ca, Mg, S, Fe, Mn, Zn, and Cu were all within an order of
magnitude. Boron was markedly different at 8.2 g/m3 in
North Carolina compared to 1.12 g/m3 in Prince Edward
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Table IV: Summary of regression analysis - nutrients
versus DM

Nutrients Constant Coefficient R Squared Variance

NH4+-N
kg/m3 1.597** 0.0672** 0.45 34.54**

Phosphorus
kg/m3 0.0078 ns 0.0024** 0.68 89.72**

Potassium
kg/m3 0.0912** 0.0025** 0.29 18.02**

Calcium
kg/m3 -0.0019 ns 0.0025** 0.85 233.13**

Magnesium
kg/m3 -0.0016 ns 0.001** 0.70 100.09**

Sulphur
kg/m3 0.0001 ns 0.0011 ** 0.71 103.41 **

Copper
3.95 ns 0.2448** 0.14 7.71**g/m-

Zinc
g/m3 2.98 ns 0.977** 0.52 46.4**

Maganese
g/m3 -0.14 ns 0.3906** 0.73 111.89**

Iron
g/m3 9.04 ns 1.295** 0.61 67.15**

Boron
g/m3 0.598** 0.018** 0.14 7.69**

ns Not significant
* Significant at the 5% level
** Significant at the I % level

nitrogen and Zn R2 values were in the mid-range which
would suggest dry matter could not be used as a predictive
tool. The R2 values (Table IV) for K, B, and Cu the R2 are
low. In the case of the soluble nutrients K and B this could be
due to the fraction of the nutrients in the liquid portion. In the
case of Cu, it is due to the wide variations between storages
as discussed earlier.

CONCLUSIONS

The waste water sampling equipment used in this study, an
ISCO 3700 Automatic Sampler Model Number 68-3700-001,
proved to be a valuable tool for consultants or researchers
sampling manure slurries in concrete storages. A number of
depths and locations could be quickly sampled and processed
to get an accurate measure of nutrient concentrations in the
manure storage.

Average nutrient concentrations for the swine slurries in
Prince Edward Island manure storage facilities were within
the range of those measured in other parts of Canada, the
United States, and Europe. There were significant differ
ences in DM and nutrient concentrations between storages;
therefore for best nutrient utilization from land application,
individual storage sampling is required. Among storage fa
cilities, differences were found on both a volumetric and a
dry matter basis, indicating that differences were due to more
than just a dilution factor.

Although concentration differences were detected among
depths of liquid manure storage facilities, in most cases
sampling from the mid depth provided results that were
representative of the storage.

High Cu levels in manure on some farms suggests Cu soil
toxicity problems could occur if high annual application rates
are used for a long time.

A regression analysis showed a relationship between DM
and P, Ca, Mg, S, Mn, and Fe suggesting that these nutrients
could perhaps be predicted from DM content. Ammonium
nitrogen concentrations could not reliably be predicted from
the dry matter content.

ACKNOWLEDGEMENTS

The authors acknowledge the assistance of L. Kerry and D.
.Grimmett in the collecting and analysis of the manure sam
ples.

REFERENCES

ASAE. 1990. ASAE D384.1: Manure production and
characteristics. In ASAE Standards 1990, 37th ed,
463-465. S1. Jospeh, MI: ASAE.

Beauchamp, E.G. 1983. Manure for crop production.
Publication Number 83-039. Agdex Number 100/538.
Toronto, ON: Ontario Ministry of Agriculture and Food.

Bran+Luebbe Analyzing Technology Inc. 1987. Technical
Publication Number DSM-0005-00.4. Elnsford, NY:
Bran+Luebbe Analyzing Technology Inc.

Christie, P. 1990. Accumulation of potentially toxic metals
in grassland from long-term slurry application. In
Fertilizer and the Environment. eds. R. Merckx, H.
Vereecken and K. Vlassak, 24-130. Louvain, Belgium:
Leuven University Press.

Collins, E.R. Jr., T.A. Dillaha, F.B. Givens and C.D.
Eddleton. 1988. Farm manure management planning for
Virginia. ASAE Paper No. 88-2048. St. Joseph, MI:
ASAE.

Fraser, H. 1985. Manure characteristics. Publication Number
85-109. Agdex Number 538. Toronto, ON: Ontario
Ministry of Agriculture and Food.

Genstat, V. 1987. Reference Manual. Oxford, England:
Clarendon Press.

Gupta, U.C. 1971. Boron and Molybdenum nutrition of
wheat, barley, and oats grown in Prince Edward Island
soils. Canadian Journal ofSoil Science 51 :415-422.

Kumar, D., C.D. Eddleton, E.R. Collins and T.A. Dillaha.
1990. Characterization of manure nutrient values in

CANADIAN AGRICULTURAL ENGINEERING Vol. 39. No. J. January/February/March 1997 47



Virginia. ASAE Paper No. 90-2024. St. Joseph, MI:
ASAE.

Maschhoff K.D. and A.J. Muehling. 1985. Using nurse
tankers to transport liquid manure to the field from a
650-sow farrow-to-finish operation. In Agricultural
Waste Utilization and Management, 55-62. St. Joseph,
MI: ASAE.

Overcash, M.R., F.J. Humenik and J.R. Miner. 1983a.
Livestock Waste Management, Volume I. Boca Raton, FL:
CRC Press Inc.

Overcash, M.R., Humenik F.J.,and Miner J.R., 1983b.
Livestock Waste Management, Volume /I. Boca Raton,
FL: CRC Press Inc.

48

Pond, W.O. and J.H. Maner. 1984. Swine Production and
Nutrition. Westport, CT: AVI Publishing Company, Inc.

Tunney, H. 1980. Fertilizer value of animal manures. Farm
and Food Research 11(3):78-79.

Tunney. H. and S. Molloy. 1975. Variations between farms
in N. P, K, Mg and dry matter composition of cattle. pig
and poultry manures. Irish Journal of Agricultural
Research 14:71-79.

Zublena. J.P., J.C. Barker and J.W. Parker. 1990. Swine
manure as a fertilizer source. Soil facts. Publication
Number AO-439-4. Raleigh, NC: The North Carolina
Agricultural Extension Service.

CAMPBEll. MaclEOD and STEWART


	39_1_001 41.pdf
	39_1_001 42
	39_1_001 43
	39_1_001 44
	39_1_001 45
	39_1_001 46

