
INTRODUCTION

Because of radioactive contamination of a part of the 
territory of Ukraine and some neighboring countries 
as a consequence of the catastrophe at the Chernobyl 
power plant the issue of food production in accordance 
to DU-2006 is a major problem [1]. First and foremost, 
it concerns milk and milk products [2], which may be 

explained,  rstly, by rather a high level of radioactive 
contamination of milk; secondly, its indispensability in 
infant food and, in many cases, the impossibility to use 
imported food (due to economic realities); thirdly, by 
the privatization of land resour-ces and dissolution of 
former farming collective bodies, due to which most 
cattle is privately owned by the population, who usu-
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Aim. To estimate the impact of additions of different doses of copper, cobalt and iodine salts to the diet of dry 
and lactating cows on the absorption and removal of 137 s from the organism. Methods. Four groups of black 
and white breed cows –– were selected for the study on the farm in Narodychi district of Zhytomyr region 
following the traditional methods. The animals were fed salts of microelements with concentrated feedstuffs. 
Speci  c radioactivity of feedstuffs, feces, urine, milk was de  ned by the gamma-spectrometry method using 
AMA-OZF analyzer. Results. During the dry period the content of 137 s in nutrition of cows of experimental 
groups was almost the same, whereas its removal from the organism of animals was different depending on the 
impact of microelements on the degree of radionuclide absorption. The exceeding of the norms of copper and 
cobalt by 30 % and iodine – by 70 % promotes the decrease of “visible” absorption of cesium and enhances 
its removal due to the radionuclide, accumulated in the tissues. The radioactivity of the diet of animals dur-
ing lactation increased considerably (22–26-fold) and amounted to 17–22 kBq per day; at the same time high 
bioavailability of the radionuclide was revealed. The increase in 137Cs content in the diet of cows during the 
grazing period is related to the use of contaminated  elds. In May speci  c radioactivity of cow milk was the 
lowest; its insigni  cant increase (50–65 Bq/l) was observed in June, July and August. The radioactivity of cow 
milk in September and October increased considerably (150–184 Bq/l). The forti  cation of the diet of animals 
of the 3rd experimental group with copper, cobalt, and iodine promoted the decrease in the radioactivity of cow 
milk comparing the cow milk of the 1st experimental group and the milk of the 4th experimental group. During 
the lactation period the least absorption of the radionuclide was revealed for the normative consumption of all 
the microelements, and the highest – for the increased consumption of cobalt only. Conclusions. The vegeta-
tive feedstuffs of dairy cattle in Polissia provides the requirement of cobalt for 30–35 %, iodine – for 25–30 
%, copper – for 70 % in winter, and during the grazing period in summer – for 25, 35, and 60 % respectively. 
The forti  cation of the diet of cows with microelements promotes the decrease in the absorption of 137 s in the 
gastrointestinal tract and its reduced transfer into cow milk.
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ally pasture their cattle and collect feedstuffs for it 
at rough pastures, in forests, where the capability of 
radionuclides to migrate along trophic chains is very 
high.

The abovementioned and a number of other reasons 
determined the need of elaborating the measures, aimed 
at decreasing the transfer of radionuclides into the live-
stock products. In addition to other countermeasures, 
one of ef  cient methods, stimulating the decrease of 
absorption and increase of removal of radionuclides 
from the organism of animals, is the introduction of 
microelement additives into nutrition. The selection of 
microelements to be radionuclide metabolism regula-
tors is de  ned by a number of reasons, including their 
traditionally low content in the soils of biogeochemical 
province of Ukrainian Polissia, reduced availability of 
many mineral substances due to liming and other coun-
termeasures after the Chernobyl catastrophe [3].

This study was aimed at estimating the impact of the 
introduction of microelements to the nutrition of lac-
tating and dry cows on the absorption and removal of 
137Cs from the organism. 

MATERIALS AND METHODS

The experiment was conducted at the territory of 
Narodychi district, Zhytomyr region, Ukraine where the 
radioactive contamination density was 185 555 kBq/m2.
Four groups of cows – black-and-white sbreeds, 5 ye-
ars old, during the third lactation, 6 animals per group – 
were selected for the study.

In winter the animals of group 1 (control) received 
the main diet, balanced in nutritious substances and 
microelements, except for iodine, copper and cobalt, the 
natural content of which was 21–40 % of the required 
amount. The animals of group 2 were fed with the same 
diet with the additives of potassium iodide, cupric sul-
phate, and cobaltic chloride in the amounts of 5, 120 
and 15 mg per capita per day respectively, which co-
vered the required norm of these microelements for ani-
mals. The animals of group 3 were fed with the basic 
diet with the additives of 10 mg of potassium iodide, 
200 mg cupric sulphate and 20 mg of cobaltic chlo-
ride, due to which the content of the latter in the diet 
exceeded the recommended norm by 70, 30, and 30 % 
respectively. The diet of group 4 animals was different 
from that of group 3 in the level of cobalt, the content 
of which exceeded the required norms by 70 % [11].

Two exchange experiments were carried out to study 
the exchange of 137Cs: during the dry period (a month 
prior to calving) and during the lactation period (two 

months after the lactation started) following the tradi-
tional methods [4]. The material under study was feed-
stuffs, urine, feces, colostrum milk and milk. The dy-
namics of 137Cs removal with colostrum milk and milk 
during lactation was studied. The samples of colostrum 
milk were obtained from the  rst milk yield of cows on 
the  rst day after calving, and on the 2nd and 3rd days – 
average samples from each cow for one day. The ave-
rage sample of milk for 7 days was used for radiolo-
gical studies. Speci  c radioactivity of 137Cs was de-
termined by gamma-spectrometry using AMA-OZF 
analyzer, the detecting block being a spectrometric 
scintillation block, type 6931-20, with energy exten-
sion for gamma-line of 137Cs in 12.5 %.

The experiments allowed studying the exchange of 
137Cs in cows during dry and lactation periods.

It is known that the absorption of 137Cs in the gastro-
intestinal tract of ruminants is characterized by some 
speci  cities, one of which being the reabsorption of the 
absorbed radionuclide in large intestines [5]. This pro-
cess is called endogenous excretion, it in  uences the 
degree of true absorption considerably [6], the determi-
nation of which is related to signi  cant methodological 
dif  culties. So called “true” absorption was de  ned by 
the formula:

f1 = (Q – F)  100 %,

where f1 – coef  cient of absorption of 137Cs from the 
gastrointestinal tract in blood out of the one, introduced 
with the nutrition, %; Q – total amount of 137Cs, intro-
duced with the nutrition (in our case it was determined 
as the difference between the content of radioactivity in 
the daily diet and uneaten remains of feedstuffs), Bq/
day; F – removal of 137Cs with feces, Bq/day; 100 – 
coef  cient of conversion in percentage units.

RESULTS AND DISCUSSION

Exchange of 137Cs in the organism of cows during the 
dry period. The study of the speci  cities of exchange 
of 137Cs in the organism of cows during the dry period 
is of interest due to the accumulation of the radionu-
clide in the mammary gland during the last months of 
pregnancy.

According to the data of Table 1, during the dry period 
the content of 137Cs in the diet of experimental groups 
was almost the same. During this physiological state 
the degree of “true” absorption of 137Cs is 1.9–12.1 %, 
which is considerably lower than the value, described 
in the literature [7, 8]. This may be explained by the 
structure of the diet, the basis of which was coarse 
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feedstuffs (hay, straw), characterized by low coef  -
cients of bioavailability for 137Cs [9, 10, 12]. It is note-
worthy that the introduction of microelement additives 
to the diet decreases the absorption of 137Cs in the ani-
mals of groups 2 and 3 compared to the control group. 
Here they demonstrate negative balance of 137Cs, i. e. 
it is removed from the organism in somewhat larger 
amounts than it has been introduced with the nutrition – 
by 7.0 and 5.0 % respectively. At the same time, the 
animals of group 4 demonstrate sharp, almost three-
fold increase of “true” absorption of this radionuclide. 
It is possible that the decrease in absorption for ani-
mals of groups 2 and 3 is related to the normalization 
of microelement nutrition, which decreases the absorp-
tion of mineral elements by the principle of feedback. 
A contrary picture was registered for animals of group 
4. This sharp increase in absorption may be explained 
by the biological role of cobalt, the level of which in 
the diet of the animals of this group was exceeding the 
norm by 70 %. It is known that one of the natural absor-
bents for 137Cs is dietary  ber, forming rather a stable 
complex with the radionuclide. Cobalt is an ingredient 
of cyanocobalamine (vitamin 12), which, in its turn, 
is a coenzyme of methylmalonyl CoA mutase. The lat-
ter is one of the key enzymes for  ber fermentation by 
the symbiotic micro  ora of the rumen. Therefore, the 
increase in cobalt content could stimulate the increase 
in cellulosolytic activity of micro  ora, which was the 
reason of the increase in 137Cs bioavailability from the 
feedstuffs of the diet.

The share of each way of radionuclide removal was 
estimated for more detailed evaluation of the impact of 
microelements on metabolism of 137Cs.

The addition of different doses of microelement salts 
to the diet of cows during the dry period has diffe-
rent impact on the removal of 137Cs. The values for re-
moval of 137Cs with feces do not differ signi  cantly for 
cows of groups 2 and 3 (  > 0.05), whereas the va-
lues for cows of group 4 are reliably lower (  < 0.01) 

(74.1 ± 2.9 %), i. e. the coef  cient of “true” absorption 
is 25.9 against 5–10 in the  rst three groups. During 
this physiological period the removal of 137Cs with urine 
is reliably higher for cows of groups 2–4 (11.5 13.8 %) 
compared to group 1, and in group 4 it is removed 1.7 
times more intensively than in group 1 (  > 0.05).

Therefore, the de  ciency of microelements in the diet 
of cows during the dry period promotes the accumula-
tion of 137Cs in their tissues. The addition of microele-
ments (especially iodine) enhances the removal of 137Cs 
due to the radionuclide, accumulated in tissues, and re-
duces the storage of radionuclide in the organism.

The increase in the cobalt content in the diet of dry 
cows with stable level of iodine and copper promotes 
insigni  cant increase in the removal of 137Cs with urine 
and its considerable reduced removal with feces.

Metabolism of 137Cs in the organism of cows dur-
ing the lactation period. The lactation period of cows 
under study coincided with their going to the pasture. 
Therefore, during the exchange experiment the lactat-
ing cows (the end of the second month of lactation) 
were fed with pasture grass of natural  elds, mowed 
herbage and compound feed with microelement addi-
tives. The radioactivity of the nutrition of animals dur-
ing this period increased considerably (22–26-fold) 
and amounted to 17–22 kBq per day; at the same time 
high bioavailability of 137Cs was revealed (Table 2).

The study results demonstrated that during this pe-
riod the “true” absorption of 137Cs in the gastrointesti-
nal tract increases sharply and  uctuates in the range 
of 62.9–67.9 %. Intergroup differences are unreliable. 
However, the tendency is similar to that of the dry pe-
riod: the least absorption (62.9 %) is noted for animals 
of group 2 and the highest absorption (67.9 %) – for 
cows of group 4. 

During this period the removal of 137Cs in terms of 
percentage was found to be less compared to the dry 
period, but the absolute amounts of removal via this 

Table 1. The coef  cient of “true” absorption of 137Cs in cows during the dry period, % from the introduced amount 

*Statistically reliable difference as regards group 1 (  < 0.05); **  < 0.01.

Index
Group of cows

1 2 3 4

Input with the diet, Bq/day
Removal from the organism, Bq/day
Including feces
Including urine

880.1 ± 0.9
871.4 ± 0.3
90.1 ± 5.2
8.0 ± 1.3

892.6 ± 2
955.3 ± 0.4
94.8 ± 4.1
11.5 ± 0.5*

895.1 ± 5
937.8 ± 0.2
92.3 ± 4.2
11.9 ± 1.1*

887.7 ± 7
785.5 ± 0.2

74.1 ± 2.9**
13.8 ± 2.0*
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route were almost an order higher. Here the differen-
ces between absolute amounts of 137Cs, removed with 
the urine of cows under study compared to the control 
group, were statistically unreliable. This index for the 
animals of group 2 was reliably (  < 0.05) higher com-
pared to group 1 and relatively higher as regards groups 
3 and 4. 3 3.6 % 137Cs out of the amount, introduced 
with the diet, were removed with milk per day. The 
highest index of 137Cs removal with urine was noted for 
cows of group 4. 

The introduction of the mentioned microelements 
into the diet of cows, de  cient in the content of cop-
per, iodine and cobalt, in the amounts, meeting their 
required needs, decreases the removal of 137Cs with 
milk and increases its accumulation in the organism. 

The increase of the level of cobalt in the diet of cows 
above required amounts determines the reduction of its 
total removal from the organism and thus the increase 
of 137Cs accumulation in tissues and its enhanced re-
moval with milk.

The daily dynamics of 137Cs removal with colostrum 
milk during the  rst 24 h after calving, milk yields I, 
II, and III, and on the 2nd, 3rd and 5th days was studied.

The data, presented in Figures 1 and 2, testify that 
both the concentration of 137Cs in colostrum milk and 
the transfer coef  cient on the  rst day after calving are 
very low; they increase gradually and reliably in the 
course of 5 days of lactation almost 2.5-fold. It may 
be explained by probable sharp decrease in the organic 

Table 2. The coef  cient of “true” absorption of 137Cs in cows during the lactation period, % from the introduced amount

* Statistically reliable difference as regards group 1 (  < 0.05).

Index
Group of cows

1 2 3 4

Input with the diet, kBq/day
Removal from the organism, kBq/day
Including feces, %
With urine, %
With milk, %

19.4 ± 1.4
8.7 ± 0.2

35.5 ± 4.4
6.1 ± 0.5
3.0 ± 0.3

17.5 ± 1.9
8.4 ± 0.2

37.1 ± 6.2
7.4 ± 0.2*
3.4 ± 0.5

19.1 ± 1.6
8.3 ± 0.3

34.5 ± 4.0
5.7 ± 0.2
3.1 ± 0.4

22.1 ± 5.9
8.9 ± 0.6

32.1 ± 0.9
4.5 ± 1.6
3.6 ± 0.9

Fig. 1. The dynamics of 137Cs in colostrum milk: 1 – group 1; 2 – group 2; 3 – group 3; 4 – group 4
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ingredient and the enhanced share of the aqueous phase 
in colostrum milk. No intergroup differences were re-
vealed during two  rst days. The least speci  c radioac-
tivity of colostrum milk was noted for cows of group 
3. During the studies the level of 137Cs increases almost 
by 100 %, whereas it increases by 400–500 % in co-
lostrum milk of cows from groups 1 and 4. Therefore, 
the enhanced share of the aqueous phase results in the 
increase in the concentration of 137Cs in the colostrum 
milk of cows. 

Figures 3–5 present the dynamics of average daily 
milk yields, milk radioactivity and transfer coef  cients 
for 137Cs during lactation. These data testify to the fact 
that during 100 days of the lactation the milk radio-
activity was relatively low (15–66 Bq/l). Intergroup 
differences are unreliable during this period for all 
the groups, except for group 3. Milk radioactivity for 

cows of group 3 was considerably lower compared to 
animals of groups 1, 2, and 4 (  < 0.05). By autumn 
(September) the concentration of 137Cs in cow milk of 
all the groups increased sharply and exceeded 100 Bq/l. 
The comparison of the dynamics of speci  c radioacti-
vity of 137Cs in milk and its content in the diet of cows 
during the speci  ed period demonstrates certain diffe-
rences. For instance, if the  uctuations of radioacti-
vity of 137Cs in the diet of cows during the experiment 
are of sinusoid character, the radioactivity in cow milk 
increases linearly by the end of experimental period. 
These differences are explained by the decrease in milk 
productivity of cows in the  nal period of lactation, as 
it is known that the concentration of 137Cs in milk is 
inversely related to milk yield [5, 7]. Different levels of 
copper, cobalt and iodine in the diet of cows have dif-
ferent impact on the content of 137Cs in milk.

Fig. 2. The coef  cients of transfer of 137Cs into colostrum milk: 1 – group 1; 2 – group 2; 3 – group 3; 4 – group 4

Fig. 3. Dynamics of 137Cs in cow milk by lactation months: 1 – group 1; 2 – group 2; 3 – group 3; 4 – group 4 
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For instance, the difference for cows of group 2 does 
not exceed 10 % as regards the control (1st) group and 
is statistically unreliable. At the same time the concen-
tration of 137Cs in cow milk of group 3 was found to be 
20–28 % lower as regards the control (  < 0.05 0.01). 
The difference in speci  c activity of 137Cs in cow milk 
of group 4 compared to group 1 is insigni  cant at most 
stages of the studies.

It is known that the concentration of 137Cs in milk 
depends both on its content in feedstuffs and on the 
level of milk productivity of cows. That is why the 
coef  cient of transfer into milk (CT) is used to estimate 
the degree of 137Cs transfer into milk. It is mathematically 
de  ned as a share of radionuclide, removed from 1 l of 
milk (in per cent), from the amount, input with nutrition. 

The results of our studies testify to the  uctuations 
in the degree of CT for 137Cs in milk during lactation 
(Fig. 4). Noteworthy is a contrary direction of changes 

in the dynamics of CT 
137Cs in milk and the dynamics 

of its content in feedstuffs for the studied period. Thus, 
with low level of 137Cs activity in the diet of animals 
at the end of July, the value of CT for radionuclide in 
milk did not exceed 0.44–0.59 % and was the highest 
for the whole period of studies. With maximal pollu-
tion in September, the value of CT for 137Cs in milk was 
0.15–0.20 %, i. e. it was close to the minimum. The 
lowest value for CT was in June – 0.07–0.13 %. 

The data presented testi  es to the fact that the in-
crease in the content of cobalt, copper and iodine in 
the diet of cows of groups 2 and 3 promotes the reduc-
tion in CT of 137Cs in milk. This reduction is statistically 
reliable for cows of group 3 compared to group 1 (P < 
< 0.05). The increase in the level of cobalt concentra-
tion in the diet of group 4 cows leads to the increase 
in CT of 137Cs in milk on several stages of studies, due 
to which the value of CT for animals of this group was 
higher compared to the control.

Fig. 4. Coef  cients of transfer of 137Cs into cow milk by lactation months: 1 – group 1; 2 – group 2; 3 – group 3; 4 – group 4

Fig. 5. Average daily milk yield of cows by lactation months: 1 – group 1; 2 – group 2; 3 – group 3; 4 – group 4
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A considerably higher degree of radionuclide re-
moval with cow milk on initial stages of lactation is 
noteworthy in the study of the quantitative aspect of 
137Cs removal with milk in the daily milk yield. The 
highest total removal of 137Cs with milk takes place 
during the period of the highest lactation level (increa-
sing the milk yield) – 4.1–6.6 % from the total amount 
of radionuclide, consumed with the feedstuffs, and the 
lowest – on the stage of lactation decline – 0.64–1.2 % 
from the total content of radionuclide in the feedstuff.

As the dynamics of total removal of 137Cs with milk 
in the daily milk yield does not coincide with that of the 
content of radionuclide in the feedstuffs and the dyna-
mics of CT of 137Cs in milk, the results obtained testify 
to the impact of endogenous factors on the depositing 
of radionuclide in the tissues of animals and its remo-
val with milk. The reason may be found in the de-
creased rate of exchange between the blood circula-
tory system and the mammary gland of cows during 
lactation. It should be noted that the highest level of 
137Cs removal with milk in the daily yield is observed 
for cows of group 4 and the low level – for cows of 
group 2.

The differences revealed may be explained by the 
increase in the milk yield for cows of experimental 
groups, the diet of which was added different amounts 
of microelements;  rst of all, it concerns the cows of 
group 4, characterized by the highest level of milk pro-
ductivity and also the highest CT of 137Cs in milk.

CONCLUSIONS
The vegetative feedstuffs of dairy cattle in Polissia 

provide the requirement of cobalt for 30–35 %, iodi-
ne – for 25–30 %, copper – for 70 % in winter, and dur-
ing the grazing period in summer – for 25, 35, and 60 
% respectively.

During the dry period the forti  cation of the diet of 
cows, de  cient in microelements, in  uences the me-
tabolism of radionuclides in the organism of animals. 
The excess of the level of copper and cobalt of 30 % 
above the requirements, and iodine – 70 % above them 
promotes the decrease of “true” absorption of 137Cs and 
enhances the removal of 137Cs from the organism due to 
the one, accumulated in the tissues, thus decreasing its 
accumulation in the organism.

The increase in the level of cobalt in the diet by 
70 % with stable content of copper and iodine leads to 
the increase of “true” absorption of 137Cs, insigni  cant 
increase in the removal with urine and decrease in the 
removal with feces.

During the lactation period the radioactivity of the 
diet increases 22–26-fold and “true” absorption of 
radiocesium in the gastrointestinal tract is sharply 
increased, the intergroup differences are unreliable 
and there is a tendency, remarkable for the dry pe-
riod, – the least absorption is noted for the required 
consumption of microelements (group 2) and the 
highest – for the enhanced level of cobalt (group 4). 
The analysis of absorption coef  cient during the dry 
period and lactation period testi  es to the re-distri-
bution of processes of absorption and removal of 
137Cs between urine and milk.

The concentration of 137Cs in the colostrum milk 
of cows in the  rst 24 h is rather low and it is gradu-
ally reliably increased (in the course of 5 days) 2.5-
fold. The least speci  c radioactivity of colostrum 
milk was noted for cows of group 3, who received 
the diet with 70 % more iodine compared to the re-
quirements. The radioactivity of colostrum milk for 
animals of groups 1 and 4 increased 4–5-fold and 
was the highest. 
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