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The assessment of the results of water quality analyses of sources on the territory
of NULES research farm in the form of Harrington generalized desirability function
was done. The suitability of water intended for use as drinking water by animals was
examined using drinking water US EPA regulations and Ukrainian standards. It was
shown that water quality is unstable, but good in general. The most problematic
parameters are total hardness, nitrate pollution and high Cadmium and Lead content.

Introduction. Agriculture is by far one
of the main consumers of the Earth’s fresh
water. According to expert assessment, 70%
of water withdrawals from watercourses and
groundwater are for agricultural usage,
three times more than 50 years ago [1]. By
2050, the global water demand of agriculture
is estimated to increase by a further 19%.

Water is an important but poorly studied
element of livestock and poultry production.
It is estimated [2] that livestock industries
consume 8% of the global water supply, with
most of that water being used for intensive,
feed-based production. Water using for
livestock and poultry production should be
considered an essential component of
agricultural water resource management,
taking into account the type of production
system (e.g. grain-fed or mixed crop-
livestock) and scale (intensive or extensive),
the species and breeds of livestock, types of
water supply sources, social factors etc.

A lot of chemicals, or their degradation
products, present in water used for livestock
may occasionally be transmitted to humans
in links of the biogeochemical chain soil -
forming rocks - water — animal food -
humans [3]. For example, the presence of
cadmium Cd in the aquatic environment
and in livestock drinking water is of concern
because it bioaccumulates. The biological
halflife of cadmium is approximately 200
days. It can persist in animal tissue longer
than antagonistic trace metals (Zinc,
Copper), causing delayed toxicity. The rate
of Cd absorption is higher when ingested
through water as compared to dietary intake.
Cadmium is retained in the liver and kidney
(near 75 %), but may also be found in
muscle tissue and milk [4].

International and Ukrainian water quality
guidelines for livestock and poultry watering.
Usually it is considered that livestock and
poultry need water of similar quality or
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better even to that required by humans [5].
However, like water intake requirements for
livestock, water quality requirements are
poorly researched and usually defined by
acceptability and their effects on livestock
performance. Water quality is defined by the
series of parameters such as physical
properties (temperature, turbidity, electrical
conductivity), organoleptic ones (e.g., taste,
smell, coloring), physiochemical ones (e.g.,
salinity, hardness), presence of toxic
substances (e.g. heavy metals),
microbiological pollution etc. Really the
most of farmers consider the microbial
aspects of water quality from viewpoint of
epidemiological safety of animal production.

Water quality standards for animals are
not the same nor are they enforced with the
same authority as are those for humans.
Water quality recommendations for animals
have been made by several foreign and
international organizations, such as the US
EPA (1973), US National Academy of
Sciences (NAS) (1974), Canada (1999 with
updates) [6]. The US EPA published
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proposed water quality standards for
irrigation, livestock, aquatic life, wildlife,
public freshwater, marine aquatic life and
recreational water in 1973. The criteria were
formulated and published by the US EPA
pursuant to the Federal Water Pollution
Control Act Amendments of 1972 and the
Water Quality Act of 1965. The National
Academy of Sciences (NAS) report
summarizes what was known at the time of
publication about effects of nutrient and
toxic substances that were found in water
consumed by domestic animals. It also
contains information about  water
requirements and the percentages of
recommended intake of various chemicals
provided bynormal dailywater consumption,
and toxic concentrations for various species.

There is no special European regulation
of water quality for livestock watering.
Council Directive 2002/32/EC [7]
determines, that the same rules concerning
the quality and safety of products intended
for animal feed have to apply to the quality
and safety of water consumed by the animals.
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Fig. 1. Comparison of the MCL (maximum contaminant level) Cadmium Cd and Nitrates NO;"
concentrations for animals watering in the different regulations: A — South Africa; B — Argentina;
C — Australia/New Zealand; D — Brasil 1; E — Brasil 2; F — Canada; G — USA, Colorado state; H —
Equador; | = FAQ; J — USA, New Mexico state; L = Peru; M — Venezuela; U — Ukraine
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The issue of water to be considered as
feedingstuffs needs to be examined in the
framework of Directive 96/25/EC of 29
April 1996. It should be noted that this
definition introduces a number of
uncertainties. It should be noted that this
formulation introduces a number of
uncertainties. How, for example, is to link
the amount of water consumed and weight
of the feedingstuffs? When making
comparison it is necessary to include in
recalculation formulas a lot of factors (dry
matter intake, breed, type of birth, sex,
parity, disease, management system, season
conditions etc.) [5].

It was found the maximum allowable
value for livestock watering in South Africa,
Argentina, Australia/New Zealand, Canada,
Chile, Ecuador, Peru and Venezuela and the
U.S. states of Colorado and New Mexico. We
also used the maximum concentrations
suggested by the International Food and
Agriculture Organization (FAO) [8].

Ukrainian state regulation in the field of
water quality describes requirements to the
drinking water for human consumption
mainly [9]. In practice the veterinarians use
these criteria [10]. A sanitary guideline for
animal watering is presented as temporary
regalements such as SOU 41.00-37-422:2006
(Standard of Ukrainian organizations)
Surface and underground waters:
Recommendations for using in livestock and
poultry farming [11].

Methodology of the integrated water quality
assessment. As previously shown [12] water
quality assessment for different kinds of
water consumption with using of
standardized scale - Harrington’s desirability
function - is a useful and objective concept
perspective for integral estimation. For the
calculation of Harrington’s desirability
partial and generalized functions in multiple
water quality parameters we need to
determine the score ranges for every tested
constituents. In presented research we used

two approaches — developed by NAS [13]
and Ukrainian regalements [12] (table 1).

Material and methods. A long-term
seasonal monitoring (2008-2011) has
covered 24 private and public wells (4-15 m
deep) used of household farms for animal
and poultry watering and 3 sampling points
of potable water, used in Research farm of
NULES for human and animal watering (fig.
2). This monitoring is part of the State
project “Water resources for Ukrainian
agrarian areas — state and perspectives”
(State registration number 0107U004375).
Water quality of those water sources have
been analyzed on main parameters including
lead, cadmium, copper, zinc, nitrates, dry
residue (TDS), total hardness. The water
constituents were measured in the Measuring
laboratory of surface, underground waters
and wastes of Analytical and Bio-inorganic
Chemistry & Water Quality Department,
which is the structural subdivision of
Ukrainian Laboratory of Quality and Safety
of AIS Products of National University of
Life and Environmental Sciences of Ukraine
(certificate of approval No TUB Lab-01).
Monitoring design was made due to the EPA
recommendations [15].

Experimental and discussion.
Monitoring wells are constructed to observe
conditions at required location. Monitoring
well locations are selected on the basis of
known or expected hydrologic, geologic,
and water quality conditions and the
location of pollutant or contaminant
sources. Monitoring wells frequently need
to be located close to or within areas of
pollution or contamination. The animal
farm  “Velykosnitynske” of National
University of Life and Environmental
Sciences of Ukraine is such potential source
of groundwater pollution.

Atotal of 105 water samples were collected
from 24 different water sources during two
seasons over a period of two years (June 19,
2007 and February 02, 2008) and March 12,

Tom 8, N23-4, 2016

BIOPECYPCU | NIPUPOJOKOPUCTYBAHHSA

ISSN 2078-9912 | 45



XImMisa

L. Voitenko, V. Kopilevych

skoupny
pue I9AT] 9[1ED
ur uoNB[NWNIOE
pes[ J0 wnrwpe)) 121p
‘sporrad Suof paoueleq pue spady
uondwnsuod SLI I90UED JI0J PoWINSUOD JI Pe9[ IO Wnruped uonduwnsuod
10§ oyesun) 2q Aew yeap JO YSLI Je J[Ie)) | [nyurrey A[[enuslog MO[ JIM OJeS 10§ 9Feg Sunyew uorIsOP UoIIENURISANS
000°4-100°L 000°T-104°0 004°0-196°0 096°0-101°0 001°0-0 gup /Sw qd pea]
PO
000°6-00°0 004°0-001°0 001°0-GL0°0 §L0°0-090°0 090°0-0 gup /Sw wnruper
spunoduwod d1xoy,
Anmod pue
sporrod Guog SPa9J 91U MO| N001$0AI[ Aq
*S9SSO[ IBIP I10J $ISSO[ [Ieop IOA0 POWNSUOD M SI91p paouefeq | uondwnsuod
renuajod ySry -oyesun [eNUIOJ “YSLI e S[ewiuy | JI [NjULIRy 2 P[NoD) ur oyes A[[eIouan) 10J oJeg Sunyewr UOISOP UOIIENULISING
cup
006101 00I-T% 0¥-18 0611 01-0 /8w -SON-N ‘s91enIN
SIUDLINU SSIOX
prey
ysopoerg prey A1op prey A[o1e19pOIN 1joS Bunfew voISAP UOTIENIURISNS
cup
00°0810°L 00°L19°¢ 09°6-1¥'3 0v'618°1 0&°1-0 /1owuwt SsoupIey [e10],
sojel
SUONIPUOD LUk IOpUN OYEBIUI IDTeM I9MO]
9$T J0U OP YUuLIp 0] oNp pasdIYOe BOYLIRIP
01 9jesu() 1o sswarqoid oped yueuSoxd jou souewrojrad | prrwr asned
I[eIY Ul J[NSdI 10 Sunejoe 03 Surpraoad proae | (ewndo feoyarerp | Aewr HuLip swarqoad
A1Y1[ [[m uonduwnsuod | ‘paxmbarjou st oouewiojrod | asned Lewr fasnjox 01 9jes peay ou asod
orqrssod j1 proay rewndo j1 paxaggo oq Aejy Arentur Aew oynen) | Aqpeord4T, PINOYS HULIP 10] 9yeg Sunjew uoIsAP uonEnURISqNG
cup (SALL — SPI[OS PIAJOSSIP
0000T1-000L% 6669-0009 666%-000¢ 66661001 0001-0 /8w | [e101 se passordxo) Aureg
sonuradoad peorwayoorsfyg
[¢1] suonIEpUIWIWO023.1 S9OUIIIS JO AWIPeIY [EUOnEN S}
poos
_ A[peq L1ap Apeg A[1rojoeysneg poon Axap syuemmsu0d
aSuey sun Ayrenb xayep

[¢1 ‘g1] £nnod pue 0035241 103 syuein[od [edTWIDYD PIIIJ[AS J0] SUOHEPUIWTIO0IX A)ifenb 1a3eM *T 91qe],

-4,2016

Tom 8, N°3

BIOPECYPCU | NIPUPOJOKOPUCTYBAHHSA

| 1SSN 2078-9912

46



XImisa

L. Voitenko, V. Kopilevych

000°001-100°05 000°06-100°0T 000°01-100°¢ 000°¢-10%0 00%°0-0 gup /Sw uy outz
no
000°01-100°¢ 000°¢-104°0 00<°0-101°0 001°0-150°0 050°0-0 gup /Sw 1oddop
000°G-100°L 000°T-10T°0 00L°0-1<0°0 090°0-110°0 010°0-0 gup /Sw qd peao]
PO
000°G-103°0 003°0-10°0 0S0°0-L10°0 010°0-300°0 100°0-0 gup /Sw umtupes)
spunoduwod d1xoJ,
SONN
006-101T 001-1¥% 0116 06T 01-0 gup /Sw ‘so1enIN
SIUDLIINU SSIIXF
ssoupaIey|
00°06-10°81L 00'8I-10°G1L 00°ST-10°0L 00°0T-10°Z 00°2-0 gup /o [elor
(sar)
anpisax
00000T-0000T 6666-000L 6669-000% 66661091 0091-0 gup/Sw Lq
sonzadoad pesrwayoorsAy g
[11] suoryemngar uerureny
sporiad Suof
uondwnsuod SLI 190UE.D 10J powInNsSuod Jr SPo9J UI JUIUOD uonduwnsuod
10J oyesu) 9q Aewr {y1eOp JO YSLI JB 9[NE)) | [NJuLIey A[[enualog JUIZ MO[ )M dJeS 10J 9yeg Sunyew voISOP UOTIENULISANS
000°005-T00°0TT 000°0TT-100°08 000°08-100°0% 000°0%-100°03 000°03-0 gwp /3w uz outy
sporrad Suof 11p
uondwnsuod SLI 190Ued 10J PoWINSUOD JI pooueeq pue spady | uondwnsuod
10§ oyesu) 9q Aewu ‘yyeop JO YSLI Je oPIe) | [nyuurey A[fenuajod | roddod mof yim ayeg 10§ oyeg Sunfew uoIsAP uoOIIENIURISNS
ny
000°0$-100°01 000°01-100°¢ 000°¢-100°T 000°T-104°0 004°0-0 gup /Sw 1oddop

I 21901 2y) Jo ppnuyuoy)

47

ISSN 2078-9912 |

BIOPECYPCU | NIPUPOJOKOPUCTYBAHHSA

Tom 8, N23-4, 2016



XImMisa

0 750 1500

L. Voitenko, V. Kopilevych

Digital terrain model (grid)

Elevation, m

- |1600-1700 - ]190.1-200,0
- [170.1-180,0 I 1200,1-205,0
Ds0-190.0 [ 205.1-210.0

— polylines

X o absolute altitudes, m

Fig. 2. Mapping [14] of Research station of NULES experimental territory (sampling points -
wells: e 2007-2008 years; m 2011 year; o — potable water points, 2007-2008 years)

2011. The samples were taken in plastic jerry
canes and brought to the laboratory with
necessary precautions, all samples were
labeled properly. Water samples were
analyzed by standard methods [16]. The
samples were analyzed for following
physicochemical parameters: total dissolved
solids (salinity) (mg/L), total hardness
(mmol /L), nutrients — nitrates content,
N-NO3 (mg/L), and four heavy metals
content — Cadmium Cd, Lead Pb, Copper
Cu, and Zinc Zn (mg/L).

These seven parameters were taken for
calculation of partial and generalized
Harrington desirability function [17] as a
water quality assessment index due to
developed conception [12]. It is an
established fact that the more harmful

pollutant is, the smaller is its standard
permissible value recommended for
drinking water. Therefore, the “weights” for
various water quality characteristics are
different. Our concept of correct
interpretation is based on the objective scale
- Harrington desirability  function.
Essentially, the approach is to translate the
functions to a common scale [0, 1], combine
them using the geometric mean and multi-
criteria optimization. This scale permits to
transform any physical parameter in
dimensionless  entity expressed in
psychophysical terms - “very good”, “good”,
“satisfactorily”, “badly”, and “very badly”.
Comparison of principle desirability
function calculation as well as its scale, and
graphic curves is shown that its methodology
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Fig. 3. Water quality assessment for animal
watering as a Harrington desirability
generalized function of 21 wells (2007 and
2008 years data)

is very similar to WQI assessment [18] and
dairy cattle drinking water quality index
(DCWQI) [19]. It differs only grading scale
for absolute values.

Analysis of obtained data was shown (fig.3)
that 48% of samples may be identified as a very
good, 48% - good in general, and 4% -
satisfactorily. But water quality is not stable,
that means that water sources are not guarantee
completely. The widest variability of desirability
function D was observed for well # 13 — from
0,8368 in summer till 0,6795 in winter season.
The worst water quality was fixed in well # 8 -
0,6253 in summer season. The worst parameter
for this object is the nitrate content, its partial
desirability function D (N-NO3) = 0,3120.
Simultaneously water of this well is very hard
(D (total hardness) = 0,3004).

The maximum permitted values of the
chemicals varies among the different
regulations studied for some substances,
although almost being a consensus for others
(table 1). In Ukraine the limit values for

animal watering seem to be based on quality
criteria established for human health
(drinking water). USA regulations are softer
in a few positions (heavy metals) but harder
in other ones (for example, total hardness).
For the comparing of the requirements it
was calculated partial and generalized
desirability function D for two wells
accordingto  US and Ukrainian
regulations (table 2). It seems that the
strongest deviations of partial desirability
function D are observed for the parameters
of total hardness, and Cadmium Cd and
Lead Pb content. Ukrainian regulations
permit to use for animal watering water
having total hardness 7 mmol /L, when NAS
criteria classify it as very hard, practically
brackish. Deviations of integrated assessment
according to US and Ukraininan regulations
are very significant and achieved 85-88%
(table 2). Analysis of the partial desirability
function D indicates that the greatest
variations observe in the criteria of total
hardness — US limit is much stricter; and
Cadminum and Lead contents — US limit is
much softer (these data noted as grey
background on the table columns) (fig.4).
Three years later (2011) it was carried the
second tour of water sampling. Three water
samples presents the wells sources (# 1-3

Very good

Q
S
e
a

095
0,90 -

0,85

Harrington desirability
generalized function D

0,30
0,75
0,70
Wells Tap water
1 2 3 1 2 3

Fig. 4. Water quality assessment for animal
watering as a Harrington desirability
generalized function of three wells, and three
samples of tap water (2011)
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XImMisa

AHOTALIA

Boitmenxo /1.B., Koninesuu B.A. Iumeepasvia
OUIHKQ AKOCME 600U, ONSL HANYEBANHA MEAPUN, Ha
mepumopii. naguamHo-00cidno20 2ocnodapcmsa
«Beauxocnimuncvke» Hayionarsrnozo ynisepcume-
my Giopecypcie i npupodoxopucmysanna Yipainu
// ngpecypcu i n[mj)z)amcmcmyeaum -2016. -
8 No 3 C. 43-5

Lipogedeno oyinxy pesysvmamic ananrisie
axocmi 600w 80000dicepen, Po3Mamosanux Ha
mepumopii naguasvnoeo eocnodapemea HYbill
Yipainu, y eueasndi ysazaivuenoi @ywxyii
basxcanocmi Xappinemona. 3 suxopucmanmuam
cmandapmie Aeenwmemea 13 3axucmy 006KiAA
CIHIA (US EPA) ma yxpaincoekux nopmamueie
oyineno mpudammicmy numuoi 600w 04
meapun. Iloxasano, wo axicmv 600U €
Hecmabinvroto, npome 6 yinomy dobpoio.
Haubinvw — npobremnumu — nokasnuxamu
BUABUAUCA  3A2AABHA MEePOicmb, Himpamme
3a0pyOHeHHA Ma NIOBUUEHUT, 8MICM KAOMII0
ma ceunYo.

L. Voitenko, V. Kopilevych

AHHOTALUMUA

Boiutmenxo JI.B., Konuaesuu  B.A.
Humeepamsnan oyenxa xavecmsa numoesoll 600bl
O HCUBOMMBIX HA MEPPUMOPUU, Y14eOHO-ONBIMHO20
x03UUcm8a «BavvikocHumwstHeyks» Hayuonansnozo
yHusepcumema Guopecypcos u npupo0oNOI08aHU
Yipaurwe // buopecypevt u npupodononssosarue. —
2016. - 8, 3-4. - C. 43-52.

Buinoanena oyenxa pesymsmamos anaiusos
KAMecmea 600U UCMOUHUKOS, PACTLONOHCEHHBIX HA
meppumopun  onvimnozo xosaticmea HYbull
Ypaunsi, 6 eude obobuennou Pynxyuu xicea-
menvnocmu Xappunemona. C ucnom3osaruem
cmanodapmos Aeenmemea no sauiume oKpyiNcar-
weit cpedvt CILIA (US EPA) u ykpaunckux cman-
dapmos Ovua oyenena npueodrocms 600vL O
acugommwix. Iloxasamo, wmo wxawecmso 600v
ABAAEMEA HECMABUALHBIM, XOME 8 UCAOM XOPO-
wum. Hauboree npobremnvinmu noxasamenamu
0KA3AMUCy  0OWAR  HCECTUKOCT,  HUMPANHOE
3azpAsnenue U NoGLIUEHIHOE CO0hICANUE KAOMUSL
U COUNYUA.
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