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Survey of the status of copper, interacting
minerals, and vitamin E levels in the livers
of sheep in Ontario

Paula . Menzies, Hermaun Boermauns, Brent Hoff, Tiffany Durzi, Lisu Lanys

Abstract — Livers from cull ewes and market lambs raised in Ontario were obtained to determine
the status of specific minerals and vitamin E. Values for copper (Cu), iron (Fe), manganese (Mn),
and zinc (Zn) obtained by atomic absorption and inductively coupled plasma — atomic emission
spectroscopy (ICP-AES) were found to be statistically different but sufficiently biologically similar
to allow the use of ICP-AES for screening groups of samples for deficient or toxic levels of those
minerals. Toxic levels of cadmium were not found. Toxic levels of aluminum were found in 1 cull
ewe and 1 market lamb. A significant proportion of both market lamb samples (40.0%) and cull ewe
samples (50.0%) had high to toxic levels of Cu. In market lambs, Fe, Mn, molybdenum (Mo), sele-
nium (Se), and Zn were not found to be important determinants of Cu level. In cull ewes, Fe, Mn,
and Zn play a moderate role in the variability of liver Cu levels. Selenium was found to be present
at marginal levels in 3.3% of cull ewe samples and in 42.6% of market lamb samples. Vitamin E was
found to be low to deficient in 10.0% of cull ewe samples and in 90.0% of market lamb samples. In
market lambs, only Mo was associated with Se levels, and no minerals were associated with vitamin E
levels. In cull ewes, there was a strong association between Se and vitamin E. This survey demon-
strates that marked nutritional imbalances of Cu, Se, and vitamin E exist in cull ewes and market
lambs in Ontario.

Résumé — Enquéte sur le bilan en cuivre, en minéraux interactifs et en vitamine E dans le
foie de moutons élevés en Ontario. Des foies de brebis réformées et d’agneaux d’engraissement
élevés en Ontario ont été obtenus afin de dresser un bilan de certains minéraux et de la vitamine E.
Les concentrations de cuivre (Cu), de fer (Fe), de manganese (Mn) et de zinc (Zn) obtenues par
absorption atomique et par spectrométrie d’émission atomique avec source plasma a couplage induc-
tif (SEA-PCI) se sont révélées statistiquement différentes mais biologiquement suffisamment sem-
blables pour permettre 1’utilisation de la SEA-PCI pour trier les groupes d’échantillons présentant
des carences ou des taux toxiques de ces minéraux. On a pas détecté de taux toxiques de cadmium.
Des taux toxiques d’aluminium ont été retrouvés chez une brebis de réforme et un agneau
d’engraissement. Une proportion significative d’échantillons provenant d’agneaux d’engraissement
(40,0 %) et de brebis de réforme (50,0 %) présentait des niveaux toxiques de Cu. Chez les agneaux
d’engraissement, Fe, Mn, molybdene (Mo), sélénium (Se) et Zn ne constituaient pas des déterminants
importants du niveau de Cu. Chez les brebis de réforme, Fe, Mn et Zn jouaient un certain role dans
la variabilité des niveaux de Cu hépatique. Le Se était présent a des niveaux marginaux chez 3,3 %
des échantillons provenant de brebis de réforme et chez 42,6 % des échantillons provenant des agneaux
d’engraissement. Les niveaux de vitamine E variaient de bas a déficients chez 10 % des échantillons
de brebis de réforme et chez 90 % de ceux d’agneaux d’engraissement. Chez les agneaux
d’engraissement, seul le Mo était associé aux taux de Se et aucun minéral n’était associé aux taux de
vitamine E. Chez les brebis de réforme, il y avait une forte association entre Se et vitamine E. Cette
enquéte démontre 1’existence d’un débalancement nutritionnel en Cu, Se et vitamine E chez les brebis
de réforme et les agneaux d’engraissement élevés en Ontario.
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Intfroduction

heep are more susceptible to copper (Cu) toxicosis

than are other domestic species. Copper levels in the
diet of between 5 to 10 mg/kg dry matter are recom-
mended with normal dietary levels of sulphur and molyb-
denum (Mo). This is approximately one quarter of the
daily requirements of cattle and one tenth that of pigs
(1). From 1990 to 1995 in Ontario, 151 of 887 diagnoses
of metal toxicoses in domestic animals were Cu toxico-
sis of sheep (2). The clinical signs of chronic Cu toxico-
sis in sheep are an acute presentation of anorexia,
respiratory distress, severe hemolytic anemia, methemo-
globinuria, and jaundice (1). Common sources of excess
dietary Cu in sheep are rations or mineral mixes formu-
lated for cattle or swine; accidental contamination of
sheep rations with copper-containing feeds; copper accu-
mulating forages; and, less frequently, from water with
a high Cu content (3-5). Insufficient dietary Mo (less
than 1.0 mg/kg dry weight [DW]) may also cause
excessive accumulation of Cu in the liver (1,6). Copper
deficiency has been diagnosed in Ontario, but it is not
common.

Insufficient dietary selenium (Se), sometimes with
concurrent deficiency of vitamin E, causes various syn-
dromes of which nutritional muscular dystrophy, or white
muscle disease, in ruminants is best known (7). Selenium
deficiency may be associated with an increased preva-
lence of infectious disease, reproductive failure, reduced
growth, and productivity (8). Free ions of nutritionally
required metals, such as Cu, Se, iron (Fe), and zinc (Zn),
produce oxidative stress when present in excess; these
elements are required for the body’s antioxidant system.
Soils and feeds in Ontario are known to be deficient
in Se, and nutritional muscular dystrophy is still com-
monly diagnosed in lambs (9). Vitamin E levels in feed
in Ontario vary depending on the grain and forage type,
growth, and storage conditions. Supplementation with
Vitamin E and Se is done most commonly with injectable
products at birth and less commonly with the mineral
supplements fed to ewes and market lambs.

The analysis of tissue for metals in diagnostic labo-
ratories has traditionally been done by atomic absorp-
tion (AA) spectroscopy, which is highly sensitive and
very specific, but the analysis is done 1 metal at a time,
which is both time consuming and expensive. The use
of inductively coupled argon plasma atomic emission
spectroscopy (ICP-AES) would permit multiple metal
determination during a single analysis. Unfortunately,
the sensitivity of ICP-AES for some metals of inter-
est in animal production (Mo and Se) is not equal to
that of AA analysis. The ICP-AES analysis can detect
toxic levels of these metals, but it does not determine
nutritionally significant concentrations. With improved
technology, ICP-AES is slowly proving itself as a useful
diagnostic tool.

Despite a broad awareness among producers of the
risk of Cu toxicosis and vitamin E and Se deficiency, dis-
eases caused by these nutritional imbalances continue to
plague the sheep industry in Ontario. In addition, little is
known about the levels of Zn, Fe, and manganese (Mn),
or the levels of specific heavy metals (cadmium [Cd] and
aluminium [Al]), in sheep in Ontario. This survey was

undertaken to determine the prevalence of specific min-
eral and vitamin E imbalances in cull ewes and market
lambs in Ontario.

Materials and methods

Sample collection

During July and August 1998, abattoirs in Ontario that
process Ontario-grown lamb and adult sheep were iden-
tified; those within a 3-hour driving distance of the
University of Guelph were contacted for permission to
collect samples. In total, 7 abattoirs that were currently
killing sheep, lambs, or both, participated in the survey.
Samples from cull rams (> 1 y of age) were excluded,
because the number of culled rams processed is low
compared with that of culled ewes and because of known
differences in management and feeding practices between
ewes and rams. Sex was not recorded for market lambs,
as both genders are raised similarly (a lamb is a sheep
< 12 mo of age, as determined by incisor eruption).

In order to detect elevated liver Cu levels (greater than
5509 pwmol/L [350 pwgm/g] dry weight [DW]) at a preva-
lence of 5% or more with 99% confidence, 60 samples
from each group (cull ewes and market lambs) were
required. Sheep originating from outside Ontario were
excluded from sampling. A random number table was
used to select a set number of animals for sampling and
the samples were obtained as the preselected animals
came through the kill-line. No more than 30% of the
animals killed on a particular day were selected for
sampling and, if the origin of the animals was known,
no more than 4 sheep or lambs from the same farm were
selected. A total of 60 samples from market lambs and
54 samples from adult cull ewes were obtained. These
samples were taken from 7 different abattoirs on 8 dif-
ferent days during July and August 1998, for a total of
114 samples.

The caudate lobe of the liver was removed imme-
diately after slaughter by using a clean scalpel blade,
placed in a whirl pack bag, and transported on ice to the
Animal Health Laboratory at the University of Guelph.
Samples were assigned random numbers and labeled
adult or market lamb and with the source of the animal.
At the laboratory, the livers were divided into 4 aliquots
by using a clean scalpel blade; each aliquot weighed
approximately 50 to 100 g and was stored at —20°C.

Metal analysis

Tissue digestion — All liver samples were freeze-dried
and microwave digested with concentrated nitric acid for
metal analysis. Digested samples for Se and Mo analysis
were reduced by using hydrochloric acid and heating at
90°C for 30 min. All samples were taken up to a constant
volume for analysis.

Atomic absorption spectroscopy — Samples were
analyzed for Cd, Cu, Fe, Mn, and Zn by using atomic
absorption (AA) spectroscopy (5100 Atomic absorption
flame spectrometer; Perkin-Elmer, Norwalk, Connecticut,
USA) and a FIAS-100 hydride generator system using
NaBH, in HCI (Perkin-Elmer). A technique similar to
that described by Diaz et al (10) was used for Se analy-
sis. Molybdenum was analyzed by the graphite furnace
procedure (Perkin-Elmer 5100ZL AA; Perkin-Elmer)
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Table 1. Univariate statistics for mineral and vitamin E levels in market lamb livers obtained at Ontario

abattoirs, 1998 (n = 60)

Method Unit (DW) Mean s (%) Max Med Min Q1-Q3 LQ
Aluminum ICP nmol/kg 25299.63 30 806.6 255714 20012.4 12 229.8 6485.5 NA
Cadmium AA pwmol/kg 0.39 1.31 4.89 0 0 0 0.09
Copper AA pmol/kg 5046.51 2712.94 13 851.2 4517.38 787 4163.23 1.57
Copper ICP pwmol/kg 4638.45 2462 12 954 4257.67 771.26 3447.06 1.57
Iron AA pmol/kg 3995.57 1566.66 8399.79 3761.1 1020.87 1979.06 1.79
Iron ICP pwmol/kg 3323.05 1148.24 6680.43 3062.61 1020.87 1513.4 1.79
Iron AA pmol/kg 194.94 75.3 509.6 172.9 101.92 73.71 1.82
Manganese ICP pwmol/kg 178.86 67.82 473.2 159.25 87.36 69.62 1.82
Molybdenum AA pmol/kg 50.62 16.85 91.7 47.93 23.97 21.36 0.26
Selenium AA pwmol/kg 16.72 5.82 30.59 16.22 5.1 8.34 0
Zinc AA pmol/kg 2376.86 857.98 6640.2 2172.6 1468.8 520.2 0.77
Zinc ICP pwmol/kg 2217.61 819.52 6395.4 2027.25 1300.5 554.63 0.15
Vitamin E pmol/kg 27.7 20.74 131.27 22.47 9.54 14.75 NA

LQ — Limit of quantitation, i.e. the lowest level detectable using this method; NA — Not available; ICP — Inductively coupled argon plasma emmission spectroscopy;
s — Standard deviation; AA — Atomic absorption spectroscopy; Q1-Q3 — Range between 25th and 75th percentile

Table 2. Univariate statistics for specific metal and vitamin E levels in cull ewe livers obtained at Ontario

abattoirs, 1998 (n = 54)

Method Unit (DW) Mean s () Max Med Min Q1-Q3 LQ
Aluminum ICP nmol/kg 32 173.57 34 846.3 274 244 251756.7 14 824 11488.6 NA
Cadmium AA pmol/kg 1.69 2.73 9.79 0 0 4.63 0.09
Copper AA pmol/kg 6654.23 46717.73 18 400.06 5548.35 267.58 5571.96 1.57
Copper ICP pmol/kg 6612.26 4681.76 18 541.72 9160.68 251.84 5886.76 1.57
Iron AA pmol/kg 5707.32 2631.86 13 862.34 5507.33 1074.6 3474.54 1.79
Iron ICP pmol/kg 5557.74 2506.49 13916.07 5158.08 1540.26 2740.23 1.79
Manganese AA pmol/kg 142.6 36.72 254.8 137.41 70.98 50.96 1.82
Manganese ICP pmol/kg 151.9 35.81 254.8 141.96 80.08 49.14 1.82
Molybdenum AA pmol/kg 42.34 10.26 71.9 40.64 22.92 11.46 0.26
Selenium AA pmol/kg 10.13 5.97 32.45 9.04 3.71 593 0
Zinc AA pmol/kg 1796.33 492.21 3840.3 1690.65 1162.8 336.6 0.77
Zinc ICP pmol/kg 2070.88 526.11 4498.2 1981.35 1407.6 382.5 0.15
Vitamin E pmol/kg 75.69 57.54 233.19 53.02 16.27 67.17 NA

LQ — Limit of quantitation (the lowest level detectable using this method); NA — Not available; ICP — Inductively coupled argon plasma emission spectroscopy;

s — Standard deviation; AA — Atomic absorption spectroscopy; Q1-Q3 — Range between 25th and 75th percentile

(11). All analyses were performed in duplicate in peak
height mode to determine absorbence values.

Inductively coupled argon plasma atomic emission
spectroscopy — Metal analyses for Al, Cu, Zn, Fe,
and Mn were performed using a spectrometer with
gem tip cross-flow pneumatic nebulizer (Ash Atom
Scan 16ICP-AES; Thermo Jarrell Ash, Franklin,
Massachusetts, USA). The procedure was performed
at emission lines 396.15, 324.8, 213.9, 259.9, and
260.5 nm for Al, Cu, Zn, and Fe, respectively (12), and
the ICP was operated under conditions recommended by
the manufacturer. Background-corrected intensities were
measured at normal resolution by the area-processing
mode. All mineral concentrations are reported in SI units
of liver DW.

Vitamin E analysis

Vitamin E (a-tocopherol) levels were determined by
using a high-performance liquid chromatography (HPLC)
procedure (13). In brief, liver was freeze-dried and then
digested with ascorbic acid and potassium hydroxide.
Vitamin E was extracted with isooctane and then
analyzed by HPLC with a 5-pm spherical silica column
3.9 X 150 nm (Waters Canada, Mississauga, Ontario)
An ultraviolet detector with an excitation wavelength of
296 nm and an emission wavelength of 325 nm was used

to visualize vitamin E separation. Vitamin E concentra-
tions are reported in SI units of liver DW.

Reported reference values, if given in wet weight
(WW), were converted to DW for comparison purposes
by multiplying reported WW values by 3.5, which is the
mid-point of the standard conversion rates used (range
3.0 to 4.0) (15). Reference ranges reported in ppm or
pgm/g were converted to SI units (wmol/kg) by using
the conversion factors provided by Puls (15).

Statistical analyses

The data were entered into a spreadsheet (Excel;
Microsoft Canada, Mississauga, Ontario) and all statisti-
cal analyses were performed using a statistical analysis
system (SAS System, version 6.12; SAS Institute, Cary,
North Carolina, USA ). For both market lambs and cull
ewes, proc univariate was used to determine the uni-
variate features of each substance, as well as the ratio of
WW to DW for each liver sample. For all analyses that
examined differences between groups, non-normal vari-
ables were log transformed and tested for normality by
using the Shapiro Wilk test for normality (14). Proc
means (SAS System) was used to determine if significant
differences exist between values as determined by AA
and ICP-AES for Cu, Fe, Mn, and Zn. This was done
by testing if the difference between the 2 means was
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Figure 1. Distribution of liver copper levels in market lambs and cull ewe livers obtained from
abattoirs in Ontario as determined by atomic absorption spectroscopy analysis (imol/kg DW)

(15).

different than zero. Proc r-test (SAS System) was used
to test if the substance in question was different between
cull ewes and market lambs. To allow for comparison,
Cd values that were reported as < 0.05 (below detectable
limits) were changed to a value of 0. For both market
lambs and cull ewes, to determine possible relationships
between Cu and various metals known to interact with
Cu (specifically Fe, Mn, Mo, Se, and Zn), all variables
and interaction terms were examined by using proc corr
(SAS System). All variables with a significant correlation
to Cu (P < 0.10) were offered to a regression model for
both market lambs and cull ewes and models were ranked
by best C(p). These models were then offered to proc reg
(SAS System) and evaluated by significance of the vari-
ables (P < 0.05), value of R-square, and normality of
the residuals. Variables that were a component of a sig-
nificant interaction term were included, regardless of
significance. Model residuals were tested for normality
by using the Shapiro Wilk test for normality. Only
models with normally distributed residuals were
accepted. These steps were repeated when determining
the relationship between Se and interacting minerals
(Cu, Fe, Mn, Mo, and Zn), as well as vitamin E. Vitamin E
was also examined for possible association with Se, Cu,
Fe, Mn, Mo, and Zn by using the same procedure.

Results

The ratio of WW to DW for market lambs ranged from
2.40 to 2.799, with a mean value of 2.562 and a standard
deviation of 0.082. The ratio of WW to DW for cull ewes
ranged from 2.279 to 2.906, with a mean value of 2.609
and a standard deviation of 0.137.

The univariate statistics for all minerals and for vita-
min E are presented in Table 1 for market lambs and
in Table 2 for cull ewes. The log mean values for Cu,
Fe, Mn, and Zn, as derived by AA and ICP-AES, were
compared and significant differences existed for all of
them, with the exception of Fe in cull ewes. For market

Table 3. Analysis of variance model of relationship
between liver levels of copper and interacting
minerals in cull ewes in Ontario, as determined by
atomic absorption spectroscopy analysis (pmol/kg).
R-square = 27.76 % ; Adjusted R-square = 21.86 %

Parameter Standard
Variable estimate error P
Intercept 55 668 18 909.3579 0.0049
log (Zn) -8009.3807 2620.2703 0.0036
Tron 1.3867 0.8427 0.1062
Manganese 100.1127 37.6527 0.0106
Iron X manganese -0.0147 0.0066 0.0294

lambs, ICP-AES consistently underestimated the values
as determined by AA (P < 0.0001). For cull ewes, Cu as
determined by ICP-AES was underestimated, and Mn
and Zn were overestimated (P < 0.0001). For purposes
of all further analyses, the values for Cu, Fe, Mn, and
Zn, as determined by AA, were used.

Aluminum values in 1 sample from the market lamb
group (255 714 nmol/kg DW) and 1 sample from the
cull ewe group (274 244 nmol/kg DW) were in the toxic
range (> 81 717 nmol/kg DW) (15). The lamb and ewe
were both purchased by the same abattoir from the same
stockyards but were not killed on the same day (2 d
apart). All values of Cd were within the normal range
(< 43.6 pmol/kg) (15).

By comparing mean values between lambs and cull
ewes, it was found that all minerals, as well as vitamin E
were statistically different, with the exception of Cu.
Iron (P < 0.0005), Al (P < 0.005), Cd (P < 0.05), and
vitamin E (P < 0.0001) all had higher mean values in
cull ewes than in market lambs. Mean values of Mn
(P < 0.0001), Zn (P < 0.0001), Mo (P < 0.01), and
Se (P < 0.0001) were all lower in cull ewes than in
lambs.

In Figure 1, Cu levels for lambs and ewes are shown
with regards to distribution within toxic, high, low, and
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Figure 2. Distribution of selenium levels in market lambs and cull ewe livers from abattoirs in
Ontario as determined by atomic absorption spectroscopy analysis (umol/kg) (15).
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Reference Ranges (pn.mol/kg DW) (16):
Lambs Deficient = < 11.60
Adults Deficient = < 23.2

Low == 11.6 and < 46.4

Adequate = = 46.4
Adequate = = 23.2

Figure 3. Distribution of liver vitamin E levels in market lambs and cull ewe livers obtained from

abattoirs in Ontario (wmol/kg DW).

deficient ranges, as reported by Puls (15). Despite having
similar mean values, there is a difference in the distribu-
tion of Cu levels between market lambs and cull ewes.
Forty percent of market lamb livers and 50% of cull ewe
livers had values in the high to toxic range. Only 1 sheep
sample could be considered deficient. That particular
animal also had a Mo level of 36.47 wmol/kg DW, well
below the reported toxic level of 312.6 wmol/kg DW
associated with molybdenosis (15).

No significant model could be developed for predict-
ing Cu values in market lambs. For cull ewes, the model
with the best C(p) and R-square value with normally
distributed residuals is presented in Table 3.

The distribution of Se and vitamin E levels in market
lambs and cull ewes is shown in Figures 2 and 3. Of note,

a high percentage of cull ewes had Se levels in the mar-
ginal range (3.25 to 8.10 wmol/kg DW) and the major-
ity of market lambs had vitamin E levels in either the
deficient (< 11.6 pwmol/kg DW) or the marginal (11.6 to
23.2 pmol/kg DW) ranges (15,16). As well, a significant
proportion of cull ewes had deficient (< 23.2 wmol/kg
DW) vitamin E levels (16).

In market lambs, Se had significant correlations with
Mn and Mo. However, the best model for predicting liver
Se levels is presented in Table 4. No variables were sig-
nificantly associated with vitamin E levels in the livers
of market lambs.

In cull ewes, the best model for predicting liver Se
levels is presented in Table 5. The relationship between
Se and this model is shown in Figure 3. The best model
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Figure 4. Relationship between selenium and vitamin E in cull ewe livers obtained from Ontario abattoirs (wmol/kg DW).

R-square = 25.2% and Adjusted R-square = 22.0%.

Table 4. Analysis of variance model of the relationship
between liver levels of selenium and interacting
minerals in Ontario market lambs as determined by
atomic absorption spectroscopy analysis (pmol/kg).
R-square = 23.68 % ; Adjusted R-square = 21.0%

Table 6. Analysis of variance model of the relationship
between liver levels of log vitamin E and interacting
minerals in Ontario cull ewes as determined by
atomic absorption spectroscopy analysis (pmol/kg).
R-square = 34.8 % ; Adjusted R-square = 27.39%

Parameter Standard Parameter Standard

Variable estimate error P Variable estimate error P

Intercept -4.3171 6.6821 0.5208 Intercept 7.587 1.1837 < 0.0001

Molybdenum -0.693 0.256 0.009 Zinc -0.0017 0.0006 0.0106

Molybdenum X Molybdenum  -0.0049 0.0023 0.0341 Manganese -0.0165 0.0082 0.0497
Selenium -0.0839 0.0608 0.1748
Manganese X zinc 0.000008 0.000004 0.0329
Selenium X selenium 0.0036 0.0018 0.05

Table 5. Analysis of variance model of the relationship
between liver levels of log Se and vitamin E in Ontario
cull ewes (umol/kg). R-square = 25.17%; Adjusted
R-square = 21.98%

Parameter Standard
Variable estimate error P
Intercept 2.5561 0.1811 < 0.0001
Vitamin E -0.0131 0.0046 0.0062
Vitamin E X vitamin E 0.000007 0.00002 0.0013

for predicting vitamin E levels in cull ewes is presented
in Table 6.

Discussion

The market lamb samples in this survey represented late
winter and spring born lambs raised for market under
Ontario conditions; as such, they provide a representative
sample of the status of market lambs raised in Ontario.
The population from which the adult samples were
obtained was healthy cull ewes and may represent the
mineral and vitamin E status of adults on the farm of
origin.

The conversion factors for liver WW to DW are sig-
nificantly lower than the 3 to 4 generally accepted (15).

A possible explanation is that, in this study, the lambs
and ewes were exsanguinated prior to sampling, which
would lower the volume of blood remaining in the liver.
This differs from reports in the literature, which include
mostly cases that died naturally. This variation from the
accepted levels points out the risks of converting DW
values to WW for purposes of reporting, without know-
ing the true conversion ratio.

Traditionally toxic and nutritionally required metals
have been analyzed individually by using AA spec-
troscopy; a time consuming method that provides the
extreme specificity and sensitivity needed for tissue
analysis. The ICP-AES method permits the analysis of
multiple metals in a single sample at the same time, thus
reducing the cost and time of analysis. Limitations of the
ICP-AES method include low sensitivity for some metals
and interferences produced by metals with similar ion
line emissions. However, technical advances are rapidly
improving the ICP-AES performance. The lack of sen-
sitivity to detect physiological levels of Se and Mo by
using ICP-AES necessitated analysis by AA. Although
statistical differences in Cu, Fe, Mn, and Zn levels
were found between ICP-AES and AA analysis, these
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differences were not physiologically large. So this study
demonstrated the possible applicability of ICP-AES for
analysis of Al, Cu, Zn, Fe, and Mn in ovine liver tissues
in cases of suspected toxicity or deficiency.

Although not nutritionally necessary, Al and Cd are
known environmental toxins. Cadmium accumulation
does not appear to be a problem in sheep in Ontario.
However, toxic Al values were found, indicating that
there could be a sporadic problem with Al toxicity in
sheep and lambs raised in Ontario. Aluminum, as fly
ash or as a contaminant of sewage spread onto pastures,
has been implicated as a dietary source of toxic levels
in domestic animals. It was not possible to trace the
origin of the ewe and lamb, as sheep from across the
province are routinely sold at this stockyard. In order to
more fully understand the implications of this finding, a
survey designed specifically to determine the geographic
source of sheep containing high levels of Al would need
to be conducted.

It can be speculated that the cause of the difference in
levels of minerals and vitamin E between lambs and cull
ewes was due to a difference in feeding practices between
these 2 groups. However, no information could be gath-
ered on diet, in this study. It is much more informative
to examine the distribution of samples into categories of
deficiency or toxicity. This information can then be used
to determine the approximate risk of the sheep popula-
tion in Ontario for deficiency or toxicity and then take
appropriate educational steps to prevent disease.

Liver Cu levels greater than 13 800 wmol/kg DW are
taken as evidence that the animal was at risk of an epi-
sode of clinical Cu toxicity; however, lower levels can
also be associated with mortality due to an acute inges-
tion of high levels of Cu (17). A retrospective survey
of submissions from clinical cases of Cu toxicosis to a
veterinary diagnostic toxicology laboratory in Ontario
reported a range of 13 773 to 55 520 pmol’kg DW
(875 to 3521 pg/g) (2). Texel lambs dying of copper
toxicosis had liver levels at necropsy of 25 971 wmol/g
(1650 mg/kg) DW (18). Other cases report levels of
480 mg/kg WW (26 443 pmol/kg DW) (19), 350 ppm
WW (19 282 pmol/kg DW) (20), 1473 mg/kg DW
(23 185 pmol/kg) (5), and 3368.4 pmol/kg WW
(11 790 pmol/kg DW) (21). This survey supports the
observation that copper deficiency in sheep is uncom-
mon in Ontario. However, the high percentage of samples
from both the market lambs and cull ewes that had high
to toxic levels of Cu means that risk of death due to cop-
per toxicosis is significant in sheep raised in Ontario.

Several papers have described the breed susceptibility
with respect to Cu accumulation in the liver (18,22,23).
In these studies, it was demonstrated that Texel cross
sheep are the most susceptible and that Romanov and
Finnish Landrace sheep are the most resistant to toxic
Cu accumulation in the liver. Intermediate risk breeds
include East Friesian, Dorset, Montadale, and Suffolk.
One study found that a Cu level of 10 ppm DW in a
diet was insufficiently low to prevent Cu accumulation
in the liver of Texel and Texel cross sheep (22). In this
study, the sheep accumulated a mean value of 600 mg/kg
DW (9444 pmol/kg DW), with only 1 mortality due
to Cu toxicosis. According to the authors, susceptible
breeds are more efficient in utilizing Cu from the ration

as a protection against copper deficiency. In the pres-
ent study, breed was not recorded. The most common
breeds of sheep in Ontario are Suffolk, Dorset, Rideau
Arcott, Romanov, Finnish Landrace, and their crosses.
Thus our study likely included breeds of moderate or
low susceptibility to copper toxicity. The Texel breed is
not common, but its use as a terminal sire is becoming
increasingly popular. It may be that the trend towards
using more susceptible breeds may increase the risk of
copper toxicosis in the sheep population in Ontario.

There are many potential dietary sources of excess
Cu reported in the literature. Sheep and lambs are com-
monly fed stored feeds, often including commercial
supplements. Some ingredients used in the manufacture
of supplements may naturally be high in Cu, such as beet
pulp, brewer’s grain, corn distiller’s grain, molasses, and
soyabean meal (24). Many sheep feeds are prepared at
small feed mills that also prepare riskier feeds, such as
dairy and beef premixes, as well as swine feeds. This
increases the risk of quality assurance errors, such as
mislabeling of feeds, or batch contamination. Because
the sheep industry is small, some of the operators of
small feed mills may not be fully acquainted with the
risk of Cu to sheep. In response to this, the Ontario Grain
and Feed Association (OGFA) has produced guidelines
for Ontario feed mills to help to avoid these problems.
Forages and water are another potential source of excess
Cu. The OGFA performed a survey of Cu analyses of
forage and water samples in 1997 and 1998 (25). Mean
values for all forages were generally less than 10 pg/g
DW, although some sample values were greater than
15 wg/g DW (considered risky) and 1 sample was
recorded at 58.4 pg/g DW. Water sample values were
generally much lower than the upper acceptable limit for
livestock of 0.5 ppm. The increasing number of swine
and poultry farms that spread copper-laden manure on
Ontario pastures will only increase the risk of high cop-
per content of forages. It is recommended that all forages
be analyzed for Cu, as well as for Mo, prior to feeding
to sheep.

The lack of any significant correlations between Cu
and interacting minerals in market lambs supports the
hypothesis that high liver Cu levels are more likely due
to too much dietary Cu rather than to Cu interactions
with other minerals. On the other hand, some interacting
minerals appear to play a role in Cu liver levels in cull
ewes, although this role is not large. Despite evidence
that adequate Se protects against Cu accumulation in
the liver of sheep (1), there was no evidence of this
association in this survey. The lack of importance of
this association is supported by Sivertsen et al (26),
who examined the livers of normal and copper poisoned
lambs and found no difference in Se levels, and Bires et
al (27), who found that additional supplementation with
Se did not protect sheep from experimentally produced
Cu toxicity.

Higher dietary Zn levels have been shown to lower Cu
accumulation, and Zn has been used in flock outbreaks
of Cu toxicosis as part of a treatment protocol to reduce
Cu liver levels (1,7,18). Despite this, Saylor and Leach
(28) did not find that Zn supplementation lowered liver
Cu levels when supplemented up to 543 ng/g DW in the
ration as inorganic Zn for 60 d. This finding was repeated
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by Van Ryssen (29), who fed up to 300 mg Zn (as Zn,Na
EDTA) per kg DW feed over 88 d to mutton Merino
lambs, and found no decrease in liver Cu levels over
controls. However, van der Schee et al (18) found that
Zn supplementation of values up to 479 ppm did lower
Cu levels in the Texel and Texel X Friesian milksheep but
not in pure Friesian milksheep, leading to the supposition
that there may be genetic factors involved.

Molybdenum is an important determinant of Cu stor-
age, particularly in the presence of sulphur (6,20). Low
levels of Mo in the ration (< 1 ppm) are associated with
Cu accumulation into the toxic range, even in the face of
diets with acceptable levels of Cu (7-11 ppm DM) (6).
Inorganic forms of Mo, such as tetrathiomolybdate, are
useful as chelating agents to increase bile excretion of Cu
from sheep suffering from Cu toxicosis (31,32). In 1 trial,
Mo at 30 mg/head/d, was effective in reducing liver Cu
from a mean value of 898 pg/g DW (14 134 pwmol/kg
DW) to a mean value of 479 pg/g DW (7539 pwmol/kg
DW) (29). From these findings, it can be assumed that
dietary Mo is very important in preventing or treating Cu
toxicosis. In this survey, however, liver Mo levels were
not significant in determining liver Cu status in either
cull ewes or market lambs.

Despite a high level of awareness of the risk of disease
due to vitamin E and Se deficiency in Ontario, a sizable
proportion of cull ewe samples were found to have insuf-
ficient Se. All Ontario soils are considered to be low to
deficient in Se; that is, approximately 50% to 80% of all
forage and grain contains less than 0.10 ppm Se (6).
Selenium deficiency diseases in lambs and ewes are well
documented. The most commonly known disease is
nutritional muscular dystrophy, or white muscle disease,
but other diseases, such as Se-responsive unthriftiness in
lambs, infertility in ewes, early embryonic death, peri-
odontal disease, decreased wool productivity, and low-
ered immune response may also be important sources of
loss due to this deficiency (1,17). In Canada, Se cannot
be included in sheep feeds at a rate exceeding 0.3 mg/kg
DW for complete feeds, 0.7 mg/kg DW for limit fed
feeds and 90 mg/kg DW in free choice trace mineralized
salts (33). However, veterinarians can prescribe Se
supplementation in excess of these amounts, if it is
deemed to be therapeutically necessary. It is clear from
this survey, however, that despite knowledge of white
muscle preventative procedures in newborn lambs, cull
ewes and to a lesser extent market lambs are not receiv-
ing adequate Se supplementation. Some Ontario produc-
ers are supplementing ewe rations in excess of National
Research Council (NRC) requirements by feeding min-
eral mix free choice with Se added at 60 ppm. Given an
estimated intake of 15 gm of mineral mix/ewe/d, this
diet would deliver 0.9 mg of Se/ewe/d, compared with
NRC guidelines of 0.1 to 0.2 mg/kg diet dry matter (6).
Dry matter intakes for nursing ewes are estimated at
between 2 and 3 kg, thus suggesting an upper limit intake
of 0.6 mg of Se/ewe/d (6). This increasingly popular
practice has raised concerns about the possible risk of
Se toxicosis, as well as of excessive accumulation of Se,
which can be a health risk to humans. No evidence of
high levels of Se was found in this survey. The reason
for this may be that an insufficient number of producers
are supplementing ewes with high levels of Se for high

levels to be detected by this survey, or that the high levels
are not sufficiently high to cause toxic accumulation.
A project investigating this particular issue is currently
underway.

Vitamin E deficiency is sometimes mistakenly consid-
ered to be a clinical syndrome only in combination with
Se deficiency. However, clinical vitamin E deficiency in
the face of normal Se values has been reported as pre-
senting as myodegeneration, rupture of the liver capsule,
or both (34,35). Vitamin E content of feeds is variable,
with high levels present in growing pastures and newly
harvested mixed grass forages. Vitamin E levels decrease
quickly in stored forages, so that even by early winter,
levels may be very low. Complete feeds for commercial
lamb are often supplemented with vitamin E at a rate of,
for example, 22 [U/kg DM. Market lambs in Ontario are
raised in a variety of ways, but lambs born in late winter
and early spring are most often fed grain or commercial
complete feeds with some stored forage offered. Lambs
on these rations often achieve very high growth rates of
over 400 gm/d. At this growth rate, 22 IU of vitamin E
is said to be adequate in the ration (36). However, based
on the results of this survey, it is quite clear that market
lambs are not ingesting sufficient vitamin E.

In market lambs, no relationship between vitamin E
and Se was found in this survey. The positive relation-
ship found between Mo and Se in the regression model
cannot be explained biologically and may be an artifact
of the study, since no direct interaction between Mo and
Se has been demonstrated (15). However, with cull ewes
there is a strong association between vitamin E and Se.
A sizable proportion of samples with marginal Se values
had adequate vitamin E, which may indicate that these
sheep had access to feeds containing high levels of
vitamin E, such as pasture or new forages, but received
inadequate levels of supplement that contained Se. A
much smaller proportion of samples had adequate Se but
were deficient in vitamin E. These sheep may have been
fed older stored forages but had access to a Se containing
mineral. Samples with adequate Se levels generally also
had adequate vitamin E levels.

It is unknown if the sampling of cull ewes accurately
reflects the status of ewes on-farm. However, the tradi-
tional time for culling a ewe is either soon after wean-
ing or when reproductive failure is detected (failure to
lamb or failure to be pregnant at the time of ultrasound
scanning for pregnancy). At both these times, the ewes
selected for culling would have been managed as pro-
ductive ewes until just prior to culling, so it is possible
that this survey does adequately identify a problem of
marginal Se status in the general ewe population.

This survey has highlighted that marked nutritional
imbalances exist in market lambs and cull ewes raised
in Ontario, specifically high to toxic levels of Cu and
low to deficient levels of vitamin E and Se. Most of
these imbalances can be corrected through education of
producers by nutritional consultants regarding the proper
nutritional management of sheep. Forage analysis for
Cu; avoidance of feeds naturally high in Cu; avoidance
of management practices that may increase Cu content
of forages, such a spreading swine manure on pastures
and hay fields; improved quality assurance practices at
feed mills regarding the preparation of feeds intended
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for

sheep (sequencing of feeds through the pelleter); and

supplementation of rations with Mo, if Cu levels are high
in the feed, are all management practices that will reduce
the risk of Cu toxicosis. Producers should also ensure
that NRC levels of Se are available to market lambs and
ewes year round and that vitamin E be supplemented to

ewes and lambs being fed stored forages.
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