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Abstract

The use of organophosphate (OP) pesticides in dairy farming has increased due to their
availability in the market and low prices. Chlorpyrifos (0, 0 — diethyl 0 - (3, 5, 6 — trichloro —
2 - pyridyl phosphonothioate; CP) is a medium-risk acaricide for humans whose widespread
use in agriculture creates various health concerns. In dairy farms, extensive use of CP causes
milk contamination and alteration of the composition and chemistry of dairy products. Few
studies have examined the impact of CP residues on calcium levels in milk. Therefore, the
present study aimed to determine the effect of Chlorpyrifos organophosphate on calcium
levels in milk. Fresh milk samples were obtained from 15 Nakuru County, Kenya, dairy farms.
HPLC was used to detect and measure CP levels in the milk samples, while calcium
concentration was assessed through UV-VIS Spectrophotometry. The results show that
approximately 53% of raw milk samples had significant detectable chlorpyrifos levels. All the
positive milk samples exceeded the maximum residue limit (MRL). Calcium concentrations in
the sampled milk from Nakuru County were not significantly higher or lower than the
reference levels. A weak and negative correlation was found between calcium concentration
and Chlorpyrifos residue levels (r = -0.2). These findings suggest that milk contamination
with organophosphates affects their composition. Therefore, there is a need to properly
handle milk to avoid contamination by chlorpyrifos and other pesticides used in agriculture.
Besides, milk should be appropriately processed to reduce pesticide residues and metabolites
in the final products.

Keywords: Calcium, Chlorpyrifos, Milk Contamination, HPLC, Organophosphate,
Spectrophotometry

INTRODUCTION organophosphorus (OPs) (Munoz-Quezada
Pesticides are poisonous compounds that kill et al., 2013), which account for around 38%
or slow the development of pests in animals  of all pesticides used globally (Ambreen and
and crops (Martins et al., 2013; Jawaid etal.,  Yasmin, 2021). Their attractiveness stems
2016). So far, the most extensively used partly from low persistence time and
pesticides are those classified as degradability (Sapahin et al., 2014). OPs are
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synthetic biogenic chemicals having a
binding covalent link between carbon and
phosphorus that substitutes the usual
phosphate  ester's  carbon-to-oxygen-to-
phosphorus bond (Kazemi et al., 2012;
Mutavi et al., 2018). One of the most
extensively utilized organophosphates in
agriculture is chlorpyrifos (CP). The World
Health Organization (WHO, 2018) classify it
as a moderate-risk compound. The chemical
is fat-soluble; thus, it can get to the body
through the skin, finding its way to meat and
milk products. As a result, organophosphate
residue is often present in fresh and
processed milk (Avancini et al., 2013). Some
of these residues have been linked to severe
health conditions in humans and livestock,
including neurological, immunological, and
fertility disorders (Bundotich & Gichuhi,
2015).

According to the WHO, the estimated
recommended daily intake (ADI) of
chlorpyrifos for humans is 0 to 0.01 mg/kg
bw, with the acute reference dose (ARfD) at
0.1 mg/kg bw (WHO, 2018). Maximum
residual limits (MRLs) for pesticides in
animal-derived products, such as milk (0.01
mg/liter), have been established to promote
trade and safeguard consumers (Shaker and
Elsharkawy, 2015). However, several
investigations have shown that contaminated
dairy milk may have levels over this limit,
posing a serious health risk (Bedi et al.,
2018). Pesticides were one of the causes of
acute poisoning in Nakuru County,
according to Bundotich and Gichuhi (2015).
Since milk products are extensively
consumed in Kenya, CP residues in milk
represent a public health problem. Milk and
milk products are an essential part of human
nutrition worldwide, contributing a large
portion of proteins in the diet (Bedi et al.,
2015). Therefore, milk must be hygienic
without any hazardous chemical or microbial
contamination. However, the excessive use
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of pesticides and acaricides has retained
residues in milk and its processed products
(Chen et al., 2014). As a result, lactating
cows can be exposed to OP in many ways,
including application on the animal body,
ingestion of feed, fodder, and water, and in
animal processing areas (Bedi et al., 2015).

Previous studies have explored the impact of
acaricide residues on various milk
components, including proteins,
carbohydrates, and lipids (Kazemi et al.,
2017; Bedi et al., 2018; Raheem & Niamabh,
2021). However, no study has examined how
the residues and their metabolites affect
essential minerals, such as calcium. Much
focus has been put on calcium because many
adults do not consume the recommended
quantity of the nutrient, leading to calcium
deficiency that contributes to the
development  of  disorders.  Calcium
deficiency in the human body is implicated

in diseases such as  osteoporosis,
hypertension, and amyotrophic lateral
sclerosis (Pettifor, 2014; Cormick and

Belizan, 2019). Cow milk is the most
important source of calcium for human
consumption (PSenkova et al., 2020). Few
studies in Kenya have examined the levels of
chlorpyrifos in milk and milk products and
their effects on milk composition and
chemistry. Therefore, the current study
aimed to assess presence of CP residues in
milk from farms within Nakuru County
through HPLC analysis and correlate them
with calcium concentration, as measured
through UV-VIS Spectrophotometry.

MATERIALS AND METHODS

Study Area

The empirical study was conducted in
Nakuru County, Kenya (Figure 1). The study
site was chosen because Nakuru County is
one of the leading dairy farming regions in
the country.
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Figure 1: The study area showing the sampling sites in Nakuru County, Kenya.

Sample Collection

Nakuru County was purposely selected
because it was considered one of the leading
producers of dairy products, with intensive
livestock farming and extensive use of
agrochemicals. A random sampling
technique was used to select a sample of
large-scale dairy farmers in the county. The
study was carried out using a cross-sectional

design. Fifteen dairy farms in Nakuru County
were chosen because they had a recent or
current CP acaricide use history. Milk
samples were collected via stratified random
sampling from five sub-counties of Nakuru
County: Molo, Njoro, Rongai, Subukia, and
Naivasha, based on stratified sampling, in
which three farms were selected from each
sub-county. The sampling size was informed
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by a pre-study survey that estimated the
number of dairy farmers using CP regularly
to be about 150. Thus, fifteen farms (10% of
the target population) were purposively
considered a representative sample. The
chosen farms had used OP acaricides in the
previous year. Fresh milk samples, 100 ml
from each dairy farm, were collected
aseptically in duplicates directly from the
farms immediately after milking, and they
were kept in sterilized screw cap plastic
bottles. The collected samples were coded
for identification and stored in a cool box
with ice packs during fieldwork. After that,
they were transported to the Research
laboratory at Mount Kenya University,
Thika, where they were stored in a freezer (-
20°C) until analysis.

Chemicals and Reagents

Analytical grade Chlorpyrifos standard
(99.5% purity) used in the analysis was
sourced from Sigma-Aldrich Corporation.
Commercial grade Chlorpyrifos (Duodip
55% CP) was obtained from a retail outlet in
Thika. The Calcium Kit used to determine
calcium levels was from Precise Labs,
Kenya. All reagents used in the study were
prepared  using the  manufacturers'
instructions. Water and acetonitrile used in
the analyses were HPLC grade.

Determination of Calcium Levels in Milk
Samples

Calcium levels were determined using the
UV-VIS Spectrophotometer (AVI 2700
double beam, Thermo Fisher Scientific). The
Eurochem Calcium Kit was used for the
quantification. The principle of the kit is that
calcium in an alkaline medium combines
with O-Cresophthalein Complexone to form
a purple-colored complex (Calcium + OCPC
= Purple colored complex) (Gitelman, 1967).
Therefore, the quantity of calcium in the
sample 1is directly proportional to the
intensity of the color generated. First, one ml
of milk was diluted with nine ml of distilled
water, and one ml of the diluted milk was
centrifuged for five minutes at 2000 rpm.
Then, the obtained supernatant was
transferred to clean test tubes. After the
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mixing, incubation was done for 5 minutes at
room temperature. Afterward, absorbance
readings were done within 60 seconds, with
the test sample and standard compared with
the blank. The following formula was used to
determine the calcium concentration in the
sample.

Calcium Concentration
Absorbance of the sample X 10 TZ—?X 10

Absorbance of the standard

Determination of Chlorpyrifos Levels in
Milk

Sample Extraction

An optimized extraction method described
by Fagnani et al. (2011) was used for all
samples described herein. Samples were first
defrosted, and 1ml of each sample was
pipetted into a screw-top centrifuge tube.
Afterward, 5 ml of a solution of acetonitrile
and phosphate buffer (90%:10%, pH 4.5)
was added. The mixture was gently swirled,
sonicated for 10 minutes, and vortexed for 15
minutes at 1200 rpm. After that,
centrifugation was done at 2000 rpm for 5
minutes. The supernatant was transferred
into a screw cap test tube. Double extraction
was done by adding 5 ml of the premixed
solution of acetonitrile and phosphate buffer
to the original sample, and the procedure was
repeated (Hamid et al, 2021). The
supernatant was added to the test tube. An
aliquot of the extract was filtered through a
0.45 ul Teflon syringe filter into an HPLC
vial (Harshit et al., 2017).

HPLC Analysis

High-quality liquid chromatography was
utilized to identify and quantify CP in milk
samples (Mauldin et al., 2006). A reverse-
phase C-18 column was utilized in a
Shimadzu HPLC with two LC-10AT VP
pumps and a variable wavelength UV
detector. The Lab Solutions software was
installed on the HPLC equipment
(Shimadzu). At a flow rate of 1ml/min, the
mobile phase components (75 percent
acetonitrile and 25% PO+ buffer) were
injected into the column. The temperature
was kept at 30 degrees Celsius. The UV was
maintained at 230 nm, and 20 pl of samples
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were sequentially injected and analyzed by
reverse-phase HPLC. Retention times and
peak areas were used to identify and quantify
compounds compared with the reference
standards (Harshit et al., 2017).

The chlorpyrifos standard was made by
dissolving it in acetonitrile and serially
diluting it to generate 10 ppm solutions,
which were then put into an HPLC vial (Chen
et al., 2014). Peak area estimates after five
injections of the standard solutions to create
two ppm, four ppm, six ppm, eight ppm, and
ten ppm were used to assess the calibration
curve's linearity. Analyses were carried out
in batches, with a method file kept in the
machine software as a template. The peak
area was computed for each sample, and the
calibration curve for concentration vs.
response area/peak area was shown. The
standard deviation was utilized to determine
the precision of the analyte, and an external
standardization technique with a standard
deviation of less than 0.05 was employed.
Calibration  curves  were  developed
independently for each analysis day to
accommodate for daily differences.

Statistical Analysis
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The data obtained in the study were analyzed
for descriptive and inferential statistics.
Descriptive statistics included mean and
standard deviation, while inferential statistics
was by Pearson Correlation, which was used
to show the relationship between Calcium
and CP. All statistical analyses were carried
out using the Statistical Package for Social
Sciences (SPSS) version 24.

RESULTS

Determination of Calcium Levels in Milk
Each of the 15 milk samples was analyzed in
duplicates using the UV-VIS
Spectrophotometer, and the mean was used
to determine the calcium concentration, as
shown in Table 1. Most milk samples had
calcium concentrations within the normal
range of 100-250 mg/dl. The mean calcium
concentration of the samples was 275.87
mg/dl, which is not significantly different
from the reference value of 120 mg/dl.
However, there were two samples with
extremely high calcium concentrations (NF5
and NF13) and one with deficient levels

(NF9).

Table 1: Calcium Concentration in milk samples from Nakuru County

Sample Code (n = 15)

Mean Calcium Concentration (mg/dl)

NF 198.28 +7.02
NF2 264.66 + 14.20
NF3 295.16 £ 12.00
NF4 231.90+13.43
NF5 544.54 +£12.02
NF6 197.97 + 6.86
NF7 346.17 £ 4.93
NF8 231.66 + 8.82
NF9 85.72+7.11
NF10 124.80 +7.21
NF11 192.12 £ 12.70
NF12 262.24 +7.67
NF13 603.74 £ 5.62
NF14 215.99 + 8.00
NF15 343.06 + 5.65
Mean 275.87
P value >(.05
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Calibration Curve and Retention time of
Chlorpyrifos Standard

A standard calibration curve (Figure 2) was
obtained to quantify the samples' CP residues

/.‘

1000091

>
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by running different standard dilutions.
Chlorpyrifos was detected at the 7% minute,
with the largest area under the curve.

CP Standard |

B

Figure 2: A- Calibration Curve of Chlorpyrifos Standard and B- Chromatogram with
a retention time of 7.1 minutes.

Presence of Chlorpyrifos Residues in Milk
Samples

Chlorpyrifos residues were found in raw
milk samples from eight (8) out of the 15
farms, representing 53.3% of the samples
(Table 2). Residues were detected in raw
milk samples from all the five sub-counties:
two farms each for Njoro, Rongai, and
Naivasha, and one farm each for Molo and

Subukia. Thus, it was determined that there
is no significant difference in CP
contamination across the sub-counties in
Nakuru County (p>0.05). A t-test showed
that the mean CP residues in milk from
Nakuru county were significantly higher than
the maximum residue limits of 0.01mg/liter
(p<0.01). A Chromatogram of a positive
milk sample is shown in Figure 3.

AER Journal Volume 5, Issue 2, pp. 77-88, Nov, 2022
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Figure 3: Chromatogram of a positive milk sample.

Table 2: Chlorpyrifos Residue Levels in Raw fresh milk-based on HLPL analysis

Farm Code Sub-county Mean CP in samples (mg/l) and SD (n=3)
NF1 Njoro 2.623 +0.738
NF2 Njoro 2.721+0.702
NF3 Njoro BDL
NF4 Rongai 2.163 +1.031
NF5 Rongai BDL
NF6 Rongai 0.9275+1.30
NF7 Subukia 1.518 £1.031
NF8 Molo BDL
NF9 Subukia BDL
NF10 Molo BDL
NF11 Molo 2.707 +0.351
NF12 Subukia BDL
NF13 Naivasha 1.194 £1.052
NF14 Naivasha 1.528 £ 0.875
NF15 Naivasha BDL
% Positivity 53.3%
Mean 1.923
P values >0.05

Key: NF means Nakuru Farmer, and BDL means Below Detection Limit

Correlation between Calcium Levels and To determine if pesticide residues affect the
Chlorpyrifos Residue Levels calcium concentration in cow milk, a two-

AER Journal Volume 5, Issue 2, pp. 77-88, Nov, 2022
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tailed Pearson correlation analysis was
executed using SPSS 24 at a significance
level of 0.05 (Table 3).
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Table 3: Correlation of Calcium Levels and Chlorpyrifos Residue Levels

Correlations

Chlorpyrifos Levels Calcium Concentration
Pearson Correlation 1 -.199*
. Sig. (2-tailed) .636
E::}Zfsp yrifos Sum of Squares and Cross-products 3.642 -64.689
Covariance .520 -9.241
N 8 8
Pearson Correlation -.199* 1

Calcium Sig. (2-tailed) .636
Concentration Sum of Squares and Cross-products -64.689 28894.585
Covariance -9.241 4127.798
N 8 8

As per the results, the correlation coefficient
(r) was -0.199, indicating that the two
variables, Chlorpyrifos level, and Calcium
concentration, have a fragile negative
relationship. Secondly, it was reviewed
whether pesticide residues (Chlorpyrifos)
significantly affect the concentration of

calcium in milk. As per the results, the p-
value was 0.636, more significant than 0.05.
Therefore, it was affirmed that pesticide
residues (Chlorpyrifos) in milk's calcium
concentration are insignificant. The Pearson
Correlation Coefficient scatter plot is shown
in Figure 4.
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Figure 4: Pearson Correlation Coefficient scatter plot showing line of best fit for
correlation between chlorpyrifos and calcium.
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DISCUSSION

To our knowledge, this is the first research to
investigate the impact of chlorpyrifos on
calcium levels in cow milk. The results of
this investigation demonstrate that raw milk
from Nakuru County has large quantities of
chlorpyrifos residues, making it unfit for
human consumption. The results corroborate
the research by Abdel-Wareth & Abd El-
Hamid (2016). They found that only a tiny
fraction of pesticides sprayed effectively
reach their target, with the bulk distributed in
the environment. Chlorpyrifos levels were
more  significant than the WHO
recommended by the MRL (0.01 mg/liter).
The results align with previous research,
showing widespread pesticide contamination
in dairy milk (Aslam et al., 2013; Sahin et al.,
2017). In addition, the current study's results
are consistent with earlier studies that have
shown that the concentration of OP residues
in milk from farms where pesticides are used
exceeds the maximum residue limits (0.01
mg/liter) (Aslam et al., 2013; Deti et al.,
2014; Bedi et al., 2015; Jayasinghe, 2019). In
a local context, the results support those of
Miriti et al. (2014) and Anode et al. (2018),
who found considerable quantities of
organochlorides and organophosphates in
Nakuru County soil samples.

Residues of chlorpyrifos were identified in
raw milk samples from eight farms,
accounting for 53.3 percent of the total. The
study's findings corroborate a pre-study
survey that revealed that most pesticides
used in Nakuru County are from the OP
class, particularly chlorpyrifos. The amounts
of CP found in this research were more
significant than those found in fresh milk by
Bushra et al. (2014), which ranged from 26
to 45 ng/gm, and Jayasinghe et al. (2019),
which averaged 0.0264. In studies that have
compared raw milk and value-added
products, residues are often higher in the
former because  high-value  product
development  procedures, such as
pasteurization and homogenization, result in
the removal of OP residues (Bajwa &
Sandhu, 2011). Furthermore, OP acaricides
have a short half-life in the environment,
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which explains why they are found in raw
milk but not in preserved long-life milk
products (Jayasinghe, 2019).

In the typical blood plasma of cows, the Ca
concentration is tightly regulated between
8.5to 10 mg/dl (2.1 to 2.5 mM) (Wynn et al.,
2015). In milk, average levels are between 96
and 260 mg/dl (Gaucheron, 2005). In the
present study, the average calcium levels
were 279.27 mg/dl, slightly above average.
Correlating with CP residue levels, it was
noted that the presence of chlorpyrifos was
negatively correlated with Calcium levels,
although the relationship was weak and
insignificant. Previous studies have shown
that the composition of milk, including
calcium levels, can be affected by various
factors, including the type of food, pre-
partum nutrition, the environment, and breed
(McGrath et al., 2015; Linn, 2016; Albani et
al., 2019). According to Linn (2016), diets
that reduce milk's fat composition also lower
soluble calcium in milk. Zwierzchowski &
Ametaj (2019) reported that agricultural and
urban environmental pollution could also
affect milk composition. Hidiroglou &
Proulx (1982) listed calcium, magnesium,
and phosphorus as some of the elements
affected by pesticide contamination.

Although the present study found only a
weak correlation, it is possible that the
findings were affected by the petite sample
size. Besides, two samples had relatively
higher levels of calcium (NF5 = 544.54
mg/dl and NF13 = 603.74 mg/dl). These
values were significantly higher than the
reference value of 120 mg/dl. Various factors
are responsible for this disparity, including
breed and genetics, management,
environment, the health of the cows, and
nutrition (Staufenbiel & Karl, 2017). As
noted by Linn (2016), the type of foliage
cows feed on can affect milk composition,
including the levels of various minerals.
Future studies should include positive and
negative controls to ascertain a causal
relationship between pesticide residues and
calcium in milk.

AER Journal Volume 5, Issue 2, pp. 77-88, Nov, 2022
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CONCLUSION
The present study explored chlorpyrifos
pesticide residues as  environmental

pollutants because their residues persist in
the environment for a long time, ending up in
animal feeds. These chemicals and their
metabolites accumulate in the bodies of
animals, where they pass into milk and milk
products. There are significant Chlorpyrifos
residues and their metabolites in raw milk in
Nakuru County. A correlation analysis
showed that residues negatively affect
calcium levels in the milk. Considering
milk's critical role in the human diet and the
importance of calcium in the body, the
presence of these residues and metabolites is
a severe concern for public health and
nutrition. Therefore, our findings have
implications for public policy, especially
concerning the prevention of milk
contamination, regulation of pesticide usage,
and proper testing of milk and milk products
for contaminants to safeguard public health.
Considering the present study's findings only
provide preliminary insights, there is a need
for further studies to explore the
phenomenon in detail. For instance, large-
scale, cross-sectional studies are needed to
determine organophosphate contamination
in milk in the entire country. Also, there is a
need to explore how pesticide contaminants
in milk and milk products affect other
essential minerals in milk, including
potassium and magnesium.

ACKNOWLEDGEMENT

The authors graciously acknowledge the
generous financial support of the National
Research Fund (NRF) Kenya
Multidisciplinary ~ Category  (2016/2017
Financial Year).

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES

Abdel-Wareth, M. T. A., & Abd El-Hamid, R. M.
(2016). Mycoremediation of Chlorpyrifos and
lambda-cyhalothrin by two species of

filamentous fungi. International Journal of

Environmental ~ Studies, 73(6), 974-987.

Correlation between Chlorpyrifos Residues ...

https://doi.org/10.1080/00207233.2016.1220
721

Albani, K. D., Lopes, L. S., Campigotto, G.,
Baldissera, M. D., & Silva, A. S. D. (2019).
Metaphylactic effect of calcium on milk
composition and animal health in post-partum
dairy cows. Anais Da Academia Brasileira de
Ciéncias, 91(2).
https://doi.org/10.1590/0001-
3765201920180589

Ambreen, S., & Yasmin, A. (2021). Novel
degradation pathways for Chlorpyrifos and 3,
5, 6-Trichloro-2-pyridinol degradation by
bacterial strain Bacillus thuringiensis MB497
isolated from agricultural fields of Mianwali,
Pakistan.  Pesticide  Biochemistry — and
Physiology, 172, 104750.
https://doi.org/10.1016/j.pestbp.2020.104750

Anode, S. O., Magoma, G., Onguso, J., & Abraha,
T. (2018). Bioremediation of Xenobiotic
Pesticides by Bacterial Species Isolated from
Flower Farm Soil around Lake Naivasha,
Kenya. Journal of Bioremediation &
Biodegradation, 09(05).
https://doi.org/10.4172/2155-6199.1000450

Aslam, M., Rais, S., & Alam, M. (2013).
Quantification of Organochlorine Pesticide
Residues in the Buffalo Milk Samples of
Delhi City, India. Journal of Environmental
Protection, 04(09), 964-974.
https://doi.org/10.4236/jep.2013.49111

Avancini, R. M., Silva, 1., Rosa, A., Sarcinelli, O.,
& Mesquita, S. (2013). Organochlorine
compounds in bovine milk from the state of
Mato Grosso Do Sul-Brazil. Chemosphere,
90, 2408-2413.

Bajwa, U., & Sandhu, K. S. (2011). Effect of
handling and processing on pesticide residues
in food- a review. Journal of Food Science
and Technology, 51(2), 201-220.
https://doi.org/10.1007/s13197-011-0499-5

Bedi, J. S., Gill, J. P. S, Aulakh, R. S., & Kaur, P.
(2015). Pesticide Residues in Bovine Milk in
Punjab, India: Spatial Variation and Risk
Assessment to Human Health. Archives of
Environmental Contamination and
Toxicology, 69(2), 230-240.
https://doi.org/10.1007/s00244-015-0163-6

Bedi, J., Gill, J., Kaur, P., & Aulakh, R. (2018).
Pesticide residues in milk and their
relationship with pesticide contamination of
feedstuffs supplied to dairy cattle in Punjab
(India). Journal of Animal and Feed Sciences,

AER Journal Volume 5, Issue 2, pp. 77-88, Nov, 2022



Asamba, M. N. et al.

27(1), 18-25.
https://doi.org/10.22358/jafs/82623/2018
Bundotich, J., & Gichuhi, M. (2015). Acute
poisoning in the Rift Valley Provincial
General Hospital, Nakuru, Kenya: January to
June 2012. South African Family Practice,
57(3), 214-218.
https://doi.org/10.1080/20786190.2014.9754

48

Bushra, 1., Samina, S., & Shafiqur, R. (2014).
Assessment of the dietary transfer of
pesticides to dairy milk and its effect on
human  health.  African  Journal  of
Biotechnology, 13(3), 476-485.
https://doi.org/10.5897/ajb2013.11997

Chen, X., Panuwet, P., Hunter, R. E., Riederer, A.
M., Bernoudy, G. C., Barr, D. B., & Ryan, P.
B. (2014). Method for the quantification of
current use and persistent pesticides in cow
milk, human milk and baby formula using gas
chromatography tandem mass spectrometry.
Journal of Chromatography B, 970, 121-130.
https://doi.org/10.1016/j.jchromb.2014.08.01
8

Cormick, G., & Belizan, J. M. (2019). Calcium
Intake and Health. Nutrients, 11(7), 1606.
https://doi.org/10.3390/nul11071606

Deti, H., Hymete, A., Bekhit, A. A., Mohamed, A.
M. I, & Bekhit, A. E.-D. A. (2014). Persistent
organochlorine pesticides residues in cow and
goat milks collected from different regions of
Ethiopia. =~ Chemosphere, 106, 70-74.
https://doi.org/10.1016/j.chemosphere.2014.0
2.012

Fagnani, R., Beloti, V., Battaglini, A. P. P,
Dunga, K. da S., & Tamanini, R. (2011).
Organophosphorus and carbamates residues
in milk and feedstuff supplied to dairy cattle.
Pesquisa Veterinaria Brasileira, 31(7), 598—
602. https://doi.org/10.1590/5s0100-
736x2011000700009

Gaucheron, F. (2005). The minerals of milk.
Reproduction Nutrition Development, 45(4),
473-483.

Gitelman, H. J. (1967). An improved automated
procedure for the determination of calcium in
biological specimens. Analytical
Biochemistry, 18(3), 521-531.
https://doi.org/10.1016/0003-2697(67)90110-
8

Hamid, A., Yaqub, G., Ayub, M., & Naeem, M.
(2021).  Determination of  malathion,

chlorpyrifos, A-cyhalothrin and arsenic in rice.
Food Science and Technology, 41(2), 461—

Correlation between Chlorpyrifos Residues ...

466. https://doi.org/10.1590/fst.01020

Harshit, D., Charmy, K., & Nrupesh, P. (2017).
Organophosphorus pesticides determination
by novel HPLC and spectrophotometric
method. Food Chemistry, 230, 448-453.
https://doi.org/10.1016/j.foodchem.2017.03.0
83

Hidiroglou, M., & Proulx, J. G. (1982). Factors
affecting the calcium, magnesium and
phosphorus content of beef cow milk.
Canadian Journal of Comparative Medicine,
46(2), 212-214.
https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC1320284/

Jawaid, S., Talpur, F. N., Nizamani, S. M.,
Khaskheli, A. A., & Afridi, H. 1. (2016).
Multipesticide residue levels in UHT and raw
milk samples by GC-pECD after QuEChER
extraction method. Environmental
Monitoring  and  Assessment,  188(4).
https://doi.org/10.1007/s10661-016-5222-6

Jayasinghe, J., Pathirana, S., Dilhani, D.,
Navarathna, S., Sinhapura, M., Jayasinghe,
C., Chandrajith, R., & Marapana, U. (2019).
Pesticide Residues in Cow Milk And Dairy
Products From The Major Milk Producing
Area of Sri Lanka. AGROFOR International
Journal, 4(3).
https://doi.org/10.7251/AGRENG1903083J

Kazemi, M., Torbaghan, A. E., Tahmasbi, A. M.,
Valizadeh, R., & Naserian, A. A. (2017).
Effects of phosalone consumption via feeding
with or without sodium bentonite on
performance, blood metabolites and its
transition to milk of Iranian Baluchi sheep.
Journal of Animal Science and Technology,
59(1).  https://doi.org/10.1186/s40781-017-
0135-7

Kazemi, M., Tahmasbi, A. M., Valizadeh, R.,
Naserian, A. A., Vakili, A. R., & Sonei, A.
(2012). Poisonous Effects of Phosalone as an
Insecticide on Rumen Degradability of Dry
Matter according to in situ. International
Journal of Agriculture Innovations and
Research. Volume 1, Issue 3, ISSN (Online)
2319-147

Linn, J. (2016). Factors Affecting the Composition
of Milk from Dairy Cows. Nih.gov; National
Academies Press (US).
https://www.ncbi.nlm.nih.gov/books/NBK21
8193/

Martins, J. G., Amaya Chavez, A., Waliszewski,
S. M., Colin Cruz, A., & Garcia Fabila, M. M.
(2013). Extraction and clean-up methods for

AER Journal Volume 5, Issue 2, pp. 77-88, Nov, 2022

&7



Asamba, M. N. et al.

organochlorine pesticides determination in
milk.  Chemosphere,  92(3), 233-246.
https://doi.org/10.1016/j.chemosphere.2013.0
4.008

Mauldin, R. E., Primus, T. M., Buettgenbach, T.
A., Johnston, J. J., & Linz, G. M. (2006). A
Simple HPLC Method for the Determination
of Chlorpyrifos in Black Oil Sunflower Seeds.
Journal of Liquid Chromatography & Related
Technologies, 29(3), 339-348.
https://doi.org/10.1080/10826070500451863

McGrath, B. A, Fox, P. F., McSweeney, P. L. H.,
& Kelly, A. L. (2015). Composition and
properties of bovine colostrum: a review.
Dairy Science & Technology, 96(2), 133—158.
https://doi.org/10.1007/s13594-015-0258-x

Miriti, P. (2014). Characterization of soil bacteria
capable of degrading selected organic
pesticides applied in horticultural farms in
Kenya.
http:/ir.jkuat.ac.ke/bitstream/handle/123456
789/959/Miriti%2C%20P%20M%202011%2
OMSc-
%20Biotechnology.pdf?sequence=1&isAllo
wed=y

Mutavi, F., Aarts, N., Van Paassen, A., Heitkonig,
1., & Wieland, B. (2018). Techne meets Metis:
Knowledge and practices for tick control in
Laikipia County, Kenya. NJAS - Wageningen
Journal of Life Sciences, 86-87, 136—145.
https://doi.org/10.1016/j.njas.2018.08.001

Pettifor, J. M. (2014). Calcium and Vitamin D
Metabolism in Children in Developing
Countries. Annals  of  Nutrition and
Metabolism, 64(s2), 15-22.
https://doi.org/10.1159/000365124

Psenkova, M., Toman, R., & Tancin, V. (2020).
Concentrations of toxic metals and essential
elements in raw cow milk from areas with
potentially undisturbed and highly disturbed
environment in Slovakia. Environmental
Science and Pollution Research, 27(21),
26763-26772.
https://doi.org/10.1007/s11356-020-09093-5

Raheem, W. S, & Niamah, A. (2021).
Contamination methods of milk with
pesticides residues and veterinary drugs. /OP
Conference Series: Earth and Environmental

Science, 877 (1), 012003.
https://doi.org/10.1088/1755-
1315/877/1/012003

Sahin, G., Uskun, E., Ay, R., & Nayir, T. (2017).
Determination of the residue levels of some
commonly used organophosphorus pesticides

AER Journal Volume 5, Issue 2, pp. 77-88, Nov, 2022

88

Correlation between Chlorpyrifos Residues ...

in breast milk. Ankara Medical Journal, 1(1),
9-20.

Sapahin, H. A., Makahleh, A., & Saad, B. (2014).
Determination of organophosphorus pesticide
residues in vegetables using solid phase
micro-extraction  coupled  with  gas
chromatography—flame photometric detector.
Arabian  Journal of Chemistry, 1(1).
https://doi.org/10.1016/j.arabjc.2014.12.001

Shaker, E. M., & Elsharkawy, E. E. (2015).
Organochlorine  and  organophosphorus
pesticide residues in raw buffalo milk from
agroindustrial areas in Assiut, Egypt.
Environmental Toxicology and
Pharmacology, 39 1), 433-440.
https://doi.org/10.1016/j.etap.2014.12.005

Staufenbiel, R., & Karl, M. (2017).

Einflussfaktoren auf die
Kalziumkonzentration im Erstkolostrum bei
Holstein-Friesian-Kiihen und deren
Bezichung zur postpartalen

Kalziumkonzentration im Blut. Tierdrztliche
Praxis Ausgabe G: Grofstiere / Nutztiere,
45(05), 269-2717.
https://doi.org/10.15653/tpg-160684

WHO. (2018). Pesticides. Retrieved from WHO:
www.who.int/ceh/capacity/Pesticides.pdf

Wynn, S., Teramura, M., Sato, T., & Hanada, M.
(2015). Changes of Serum Calcium
Concentration, Frequency of Ruminal
Contraction and Feed Intake Soon after
Parturition of Dairy Cows Fed Difructose
Anhydride III. 4sian-Australasian Journal of
Animal Sciences, 28(1), 58-68.
https://doi.org/10.5713/ajas.14.0418

Zwierzchowski, & Ametaj (2019). Mineral
Elements in the Raw Milk of Several Dairy
Farms in the Province of Alberta. Foods, 8(8),
345. https://doi.org/10.3390/foods8080345



