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• Complementary study to assess OPs in pet
dog samples is presented.

• Mean OPs detected in plasma samples
were PAHs >PYRs >PCBs >OCPs
>PBDEs >OPPs.

• Age, sex and sizewere the factors affecting
OPs in selected biological samples.

• Correlation between both biological sam-
ples was found for pyrene and chrysene.
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Most of organic pollutants (OPs) have the ability to interfere with biological systems causing negative effects in living
beings, including humans. In the last decades, pets have been used as bioindicators of human exposure because they
share the same habitat with their homeowners. We sought to determine levels of approximately 70 OPs, including
polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs), polybrominated biphenyl ethers (PBDEs), organ-
ophosphate pesticides (OPPs), polycyclic aromatic hydrocarbons (PAHs) and pyrethroids (PYRs) in plasma samples
from 39 pet dogs from Ourense (north-western Spain). The results revealed that PAHs were the dominant OPs
(mean value 175 ± 319 ng/g lipid weight (lw)), followed by PYRs (132 ± 352 ng/g lw), PCBs (122 ± 96 ng/g
lw), OCPs (33 ± 17 ng/g lw), PBDEs (19 ± 18 ng/g lw) and OPPs (2.1 ± 2.7 ng/g lw) in plasma samples. We
have previously detected the target OPs in hair samples of pets, collected simultaneously and similar trend of some
OPs has been observed. Moreover, pyrene and chrysene showed correlations between levels detected in bothmatrices.
1. Introduction

Fast worldwide technical development involves an important need to
review links between environmental pollution and human health. OPs are
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potentially harmful substances for ecosystems and living beings. Many of
them are known to be toxic, biodegradation-resistant, lipophilic,
bioaccumulative and, even endocrine disruptors (Lau et al., 2017; Ruiz-
Suárez et al., 2016; Takaguchi et al., 2019). They have been widely used
as pesticides, medicines, paintings, additive flame retardants and other ap-
plications. The Stockholm Convention identified persistent OPs (POPs) to
be banned of the production and use. Although the presence of POPs such
as PCBs, OCPs and PBDEs have decreased in the environment during the
last years, they continue to be an important public health issue due to
nuary 2023
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Table 1
Epidemiological data for the individual dogs.

Sample Age* Sex Weight
(kg)

Size Housing Diet Smoker
owner

1 Adult Male 25 Normal Indoor Dry No
2 Adult Male 6.3 Normal Indoor Dry Yes
3 Senior Female 10 Normal Indoor Dry No
4 Senior Male 10 Normal Indoor Dry No
5 Pre-adult Female 26.4 Normal Outdoor Dry Yes
6 Adult Male Normal Indoor Dry No
7 Senior Male 4.1 Toy Indoor Dry and homemade No
8 Senior Male 26.5 Normal Indoor Dry No
9 Adult Male 23 Normal Outdoor Homemade Yes
10 Senior Female 3.0 Toy Indoor Dry No
11 Senior Female 23 Toy Outdoor Homemade No
12 Pre-adult Male 46 Normal Outdoor Dry No
13 Female 4.2 Toy Indoor Dry Yes
14 Senior Female 22 Normal Indoor Dry No
15 Adult Male 17 Normal Indoor Dry No
16 Adult Male 15 Normal Outdoor Dry and homemade No
17 Senior Female 24.5 Normal Outdoor Dry Yes
18 Senior Male 4.0 Toy Indoor Dry No
19 Senior Female 18 Normal Outdoor Dry No
20 Senior Male 62 Normal Outdoor Homemade No
21 Pre-adult Male 27 Normal Outdoor Homemade Yes
22 Senior Female 30 Normal Outdoor Dry No
23 Adult Female 15 Normal Outdoor Homemade No
24 Adult Female 5.1 Toy Indoor Dry Yes
25 Adult Male 8.8 Toy Outdoor Homemade No
26 Adult Female 13 Normal Indoor Dry No
27 Adult Female 25 Normal Outdoor Dry No
28 Pre-adult Male 16 Toy Indoor Dry No
29 Senior Female 3.0 Normal Indoor Dry No
30 Adult Male 3.6 Normal Indoor Dry and wet No
31 Adult Female 11 Normal Outdoor Dry No
32 Adult Female 25 Normal Outdoor Dry No
33 Adult Male 27 Normal Outdoor Dry, homemade and

wet
No

34 Female
35 Senior Male 6 Toy Indoor Dry No
36 Pre-adult Female 3.5 Toy Indoor Dry
37 Male
38 Adult Male 25 Normal Indoor No
39 Adult Male 35 Normal Indoor No

*Pre-adult: <1 year old; adult: between 1 and 9 years old; senior: >9 years.
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their legacy levels (Sonne et al., 2020). Special attention should also be
given to OPs that are not listed in the Stockholm Convention (OPPs, PAHs
and/or PYRs) because of their negative impact on health outcomes reported
in the last years such as male reproductive problems, pregnancy complica-
tions, certain cancers, obesity and brain development (Ferré et al., 2020;
Henríquez-Hernández et al., 2016). They can be ubiquitous compounds
that can be present in food, dust and/or soil representing a constant low-
level exposure to mammals via diet, inhalation or dermal contact (Pleil
et al., 2010; Ravindra et al., 2008).

OPs have been detected in biological samples of pets (e.g. blood, plasma
or serum) because they share similar sources of exposure with humans (see
Table S1). Household animals have also been used as key environmental in-
dicators to relate POPs with health diseases (Dirtu et al., 2013; Sonne et al.,
2010; Walter et al., 2017). It has been suggested that cats show POP levels
higher than dogs but also than humans because of the higher intake of dust
from their grooming behaviour and the type of diet (Ali et al., 2013;
Norrgran Engdahl et al., 2017; Venier and Hites, 2011). We had previously
hypothesized that pet dogs may serve as good inhalation indicators of
human exposure to several OPs using non-invasive biological samples
(González-Gómez et al., 2018). Pets are usually exposed to these pollutants
via multiple pathways where some of them have been shown to be more
relevant (Braouezec et al., 2016; Mizukawa et al., 2016). Nevertheless,
some studies have questioned whether dogs and other canines serve as
good indicators for human health due to their different rate of OP
metabolization (Ruiz-Suárez et al., 2016; Sévère et al., 2015; Storelli
et al., 2009). Henríquez-Hernández et al. (2016, 2017) have highlighted
that the presence of parasites, such as Dirofilaria species, could reduce
levels of OPs in dogs as a result of the parasite capability to compete for
the OPs burden with their host. Several researches have noted that there
are species-specific differences between all these ubiquitous pollutants re-
lating to catalytic activity and enzyme contents (Lau et al., 2017;
Verreault et al., 2009).

The widespread presence of these chemicals in the indoor and outdoor
environment, requires constant monitoring. Many studies have been car-
ried out using blood as priority matrix for pollutant biomonitoring. Blood
is a common and constant link between body tissues where chemicals can
be stored. Nevertheless, some authors have indicated that blood only re-
flects a recent chemical exposure and is not recommended to provide infor-
mation about easy metabolized pollutants such as PAHs or PYRs
(Appenzeller et al., 2017; Esteban and Castaño, 2009). Nevertheless,
there are some researches that consider preferable to measure these
chemicals in blood to estimate the real level of exposure (Boada et al.,
2015; Pleil et al., 2010). The objective of the present study was to evaluate
the presence of selected OPs (PCBs, OCPs, PBDEs, OPPS, PAHs and PYRs) in
blood plasma samples of dog pets collected in NW Spain. We have also ex-
amined the OP sources to correlate these results with those obtained previ-
ously by our research group in hair from the same pets (González-Gómez
et al., 2018).

2. Experimental

2.1. Sample collection

Plasma samples were collected between 2015 and 2016 from a total of
39 pet dogs (18 females and 21 males) by venipuncture at a veterinary
clinic of the city of Ourense, Galicia (NW, Spain). Breeds were distributed
in as follows: dog crossbreed (19), Yorkshire Terrier (3), Schnauzers and
molosoides (2), hunting dogs (5), companion dogs (3), spitzs (2) and track-
ing dogs (1). Age ranged from 3 months to 13 years (mean: 6.0 ± 3.9).
Mean weight was 18 kg with a minimum of 3.0 kg and maximum of 62
kg. Pet food was mainly dry food (71 %), following by home-made food
(17 %), the rest (8.5 % a mixture between dry and home-made food; 2.8
% dry, wet and home-made food and 2.8 % dry and wet food). With regard
to life style, about 57 % of pets were coming from urban areas and 43 %
from countryside. 19 % of the selected pets were from smoker owners. Ep-
idemiological data for the individual dogs are shown in Table 1. Blood
2

plasma was obtained by centrifugation, separated carefully into clean
tubes, coded, transported to the laboratory and stored at−80 °C until anal-
ysis. An epidemiological questionnaire (sex, breed, age, weight, dietary
habits, place of living) was associated to each pet. All animal owners gave
informed consent.

2.2. Sample preparation, OP determination and quality control

Information about all chemicals, including internal and surrogate stan-
dards, as well as, detection parameters are available in the supplementary
material (Appendix S1, Tables S2 and S3). Briefly, plasma analysis was per-
formed as previously described by Sinha et al. (2006) with slight modifica-
tions. Briefly, aliquots of plasma (500 μL) were spiked with surrogate
standards and hydrolysed with 175 μL of acetic acid, vortexed for 1 min
and sonicated for 10 min. The extraction of analytes was carried out with
0.75 mLmethanol and 4.5 mL hexane using low speed shaker for 1 h. Cen-
trifugation at 1640 ×g during 20 min was performed to obtain the Hex
layer. Finally, the extract was evaporated to dryness, reconstituted in 0.10
mL of acetone containing 50 ng of the internal standards and the analyte
protectants (APs). Quantification of targeted compounds was performed
by GC-QqQ-MS (Fernández-Cruz et al., 2017; González-Gómez et al.,
2018; Fernández-Cruz et al., 2020) (Table S4). Lipid weight (lw) was deter-
mined using the methodology described by Bernert et al. (2007).

The set of samples analysed each day was processed together with a re-
agent blank, to assess contamination during the extraction process, and a
spiked plasma sample at an intermediate concentration (10 ng/g) to
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calculate the extraction efficiency in the series. Chemicals or labelled com-
pounds of OPPs (Chlorpyrifos-D10), of OCPs (α,γ-HCH-D6; DDE-D8;
HCB-13C6), of PAHs (Chrysene-D12), of PCBs (PCB 14, 65 and 166), of
PBDEs (PBDE 77) and of PYRs (cis-Permethrin-13C6) were chosen as surro-
gates.

Internal linear calibration was used to quantify the targeted OPs in the
selected plasma and hair samples using the following internal standards:
DDT-D8 for DDT; diazinon-D10 for OPPs; PCB 30 and 195 for PCBs; trans-
cypermethrin-D6 for PYRs and PBDE 166 for PBDEs. To verify the linearity
range, a Mandel fitting test (P = 99 %) was additionally performed
(Mandel, 1964). Linear calibration curves fit reasonably (r2 > 0.990) in a
six-point calibration curve with a concentration scale of two or three orders
of magnitude, depending on the compound (0.25–25 ng/g). Six replicates
at four concentrations of standards (LOQs, 1.0, 5.0 and 10 ng/g) added to
six blank samples, extracted as described above, were analysed on the
same day for the determination of the precision (RSD lower than 20 %).
The accuracy of the assay, expressed as mean recovery, was calculated as
follows: blank and plasma samples were fortified at three levels, added to
six blank samples, extracted as described above, over three days. The results
obtained were in the range of 63–117 % (Table S5).

LODs and LOQs were evaluated based on the signal-to-noise ratio of 3
and 10 obtained by analysis of unfortified plasma samples (n =
4) (MacDougall et al., 1980) and were then tested experimentally by spik-
ing five blank sample replicates at such levels (Table S5). The compound
stability in tested biological matrices was evaluated by the analysis (n =
3) of spiked liver and hair samples after three freeze/thaw cycles (storage
at −20 °C). No significant degradation was observed.

2.3. Data analysis and statistics

Preliminary descriptive analysis revealed skewness in some data and
they were log-transformed in order to improve normality in the residuals.
OP levels included in data analyses were above Limit of Quantification
(LOQ). For statistical calculations, results below the LOD were imputed as
the LOD divided by the square root of 2.

A significant level of 0.050 was used for all significance test. Multi-Way
ANOVA was used to find associations between the log of the detected OPs
Table 2
OP detection frequencies (DF, %), mean, median, concentration range and percentiles 2

OPs DF (%) Mean Median

a-HCH 10 0.0086 (1.8) 0.0071 (0.87)
HCB 100 0.26 (3) 0.26 (32)
ΣOCPs 0.27 (33) 0.27 (34)
PCB 77 41 0.035 (5.1) 0.011 (1.3)
PCB 118 69 0.11 (14) 0.094 (12)
PCB123 59 0.046 (6.3) 0.034 (4.2)
ΣDLPCBs 89 0.19 (25) 0.19 (25)
PCB 28 74 0.57 (71) 0.58 (71)
PCB 101 100 0.066 (8.2) 0.052 (6.4)
PCB 138 48 0.038 (8.2) 0.011 (7.1)
PCB 153 82 0.065 (5.4) 0.058 (1.3)
PCB 180 74 0.057 (7.4) 0.039 (4.8)
ΣNDLPCBs 100 0.79 (100) 0.80 (115)
ΣPCBs 100 0.99 (125) 0.89 (115)
Chlorpyr 26 0.017 (2.1) 0.012 (1.5)
ΣOPPs 0.017 (2.1) 0.012 (1.5)
F 97 0.18 (22) 0.13 (16)
P 100 1.1 (136) 0.59 (73)
BaA 8 0.039 (7.3) 0.021 (2.6)
BaP 5 0.032 (6.5) 0.021 (2.6)
BghiP 2 0.0087 (1.1) 0.021 (2.6)
Chry 15 0.058 (9.4) 0.021 (2.6)
ΣPAHs 1.4 (181) 0.84 (111)
PBDE 47 41 0.082 (14) 0.053 (6.6)
PBDE 99 12 0.028 (9.1) 0.053 (6.6)
PBDE 100 28 0.041 (9.8) 0.053 (6.6)
ΣPBDEs 41 0.15 (33) 0.15 (32)
c-,t-perm 23 1.1 (132) 0.071 (8.7)
ΣPYRs 23 1.1 (132) 0.071 (8.7)
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in the sampled samples and the epidemiologic factors: age (<12 months
(pre-adult), between 12 and 72 months (adult), and >72 (senior)); sex
(males and females); size (large-medium and small-toy sized breeds); hous-
ing (indoor and outdoor); diet (dry and homemade) and smoker owner (yes
or no) (Table 1).

Cluster analysis, principal component analysis (PCA), factor analysis
mixed data (FAMD) and Spearman's rank correlation were applied in an at-
tempt to reveal latent structures in the dataset. R software version 3.6.1 (R
Core Team, 2019) with R Commander package programs (Fox, 2005) for
statistical analyses with FactoMineR version 1.7 (Lê et al., 2008) for PCA
and FAMD, and EZR version 1.6.1 (Kanda, 2013) for regression procedures
were used.

3. Results and discussion

3.1. Levels of target OPs in plasma samples

OP concentrations (expressed in ng/gwwand ng/g lw) are summarized
in Table 2.

3.1.1. PAHs
Unmetabolized PAHs in blood could reflect a recent exposure to these

chemicals (Santos et al., 2019). Several studies have shown that inhalation
exposure to PAHs produce temporary contamination of the blood in
humans and experimental animals, including DNA and protein adducts in-
volved in cancer risk (Moorthy et al., 2015).

Total PAH levels (ΣPAHs) ranged from <LOQs to 14 ng/g ww (equiva-
lent to<LOQ–1744 ng/g lw), with a mean concentration of 1.4± 2.5 ng/g
ww (equivalent to 175 ± 319 ng/g lw). Pyrene (P) and fluoranthene
(F) were detected in >97 % of samples (mean concentration of 136 ±
253 and 22 ± 16 ng/g lw, respectively). Chrysene (Chr), benzo(a)an-
thracene (BaA), benzo(a)pyrene (BaP) and benzo(g,h,i)perylene (BghiP)
were detected in <15 % of samples. To the best of our knowledge, only
few studies have evaluated levels of PAHs in plasma dog samples.
Henríquez-Hernández et al. (2016) detected 16 PAHs of non-parasitized
dogs from Canary Islands (Spain) with phenanthrene, P, F and naphthalene
as the most frequently detected in plasma (mean concentration of 3.1, 0.54,
5 and 75 in plasma samples in ng/g ww (ng/g lw).

Min Max P25 P75

0.0071 (0.87) 0.098 (12) 0.0071 (0.87) 0.0071 (0.87)
0.026 (3.2) 0.59 (73) 0.15 (19) 0.32 (39)
0.026 (4.0) 0.59 (73) 0.15 (19) 0.37 (46)
0.011 (1.3) 0.20 (25) 0.011 (1.3) 0.067 (8.3)
0.011 (1.3) 0.43 (53) 0.011 (1.3) 0.15 (19)
0.011 (1.3) 0.37 (46) 0.011 (1.3) 0.069 (8.5)
0.032 (3.9) 0.57 (72) 0.068 (10) 0.27 (34)
0.011 (1.3) 2.9 (355) 0.011 (4.0) 0.88 (108)
0.019 (2.4) 0.25 (31) 0.033 (4.0) 0.093 (12)
0.011 (1.3) 0.33 (24) 0.011 (5.1) 0.041 (12)
0.011 (0.36) 0.19 (40) 0.042 (1.3) 0.099 (9.3)
0.011 (1.3) 0.31 (38) 0.011 (1.3) 0.076 (9.3)
0.069 (13) 3.7 (454) 0.15 (21) 1.2 (147)
0.147 (25) 4.3 (526) 0.36 (47) 1.5 (184)
0.012 (1.4) 0.11 (14) 0.012 (1.4) 0.022 (3.5)
0.012 (1.4) 0.11 (14) 0.012 (1.4) 0.022 (3.5)
0.021 (2.6) 1.1 (132) 0.081 (9.9) 0.23 (28)
0.021 (2.6) 11 (1354) 0.36 (45) 0.89 (109)
0.021 (2.6) 0.73 (90) 0.021 (2.6) 0.021 (2.6)
0.021 (2.6) 0.99 (123) 0.021 (2.6) 0.021 (2.6)
0.021 (2.6) 0.34 (42) 0.021 (2.6) 0.021 (2.6)
0.021 (2.6) 1.1 (134) 0.021 (2.6) 0.021 (2.6)
0.11 (24) 14 (1745) 0.45 (64) 1.1 (145)
0.053 (6.6) 0.36 (44) 0.053 (6.6) 0.16 (20)
0.053 (6.6) 0.25 (31) 0.053 (6.6) 0.053 (6.6)
0.053 (6.6) 0.20 (25) 0.053 (6.6) 0.12 (43)
0.16 (20) 0.45 (58) 0.16 (20) 0.27 (43)
0.071 (8.7) 12 (1447) 0.071 (8.7) 0.071 (8.7)
0.071 (8.7) 12 (1447) 0.071 (8.7) 0.071 (8.7)
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0.53 and 0.40 ng/mL, respectively). Ruiz-Suárez et al. (2015 and 2016) also
assessed PAH levels of 447± 190 (1.8 ± 2.5 PAH8) and 782 ± 324 ng/g
lw in plasma samples of pet dogs fromCanary Islands (Spain). They showed
that 3-ring PAHs (not determined in the current study) were predominant
followed by 4-ring PAH such as P (mean concentration of 7.6 ng/g lw)
and F (mean concentration of 6.6 ng/g lw). They also determined PAHs
and their metabolites in human plasma, concluding that dogs could not
be good indicators of human exposure due to their different enzymatic ca-
pabilities to humans. P and Fwere also the PAHsmost abundant detected in
human biological samples (placenta and breast milk) collected in the same
region by our research group (Fernández-Cruz et al., 2020; López Sanguos
et al., 2023).

3.1.2. PYRs
PYRs are commonly used both in outdoor and indoor environments to

prevent or control insect damage. Their high persistence in indoor environ-
ments has been observed (Nakagawa et al., 2020). Permethrin is mainly
used in flea shampoos, insecticidal collars and spot-on formulations for
pets. In our study, 61 % of dogs were treated with antiparasitic drugs (80
% permethrin as the main component of the commercial formulation).
Many of these products contain synergists (e.g. piperonyl butoxide) that
delay the active degradation substance, allowing the pesticide to remain
for a long time in the body (Dymond and Swift, 2008).

In the present work, only permethrin was detected in 23% plasma sam-
ples with a concentration range of <LOQ–12 ng/g ww (equivalent to
<LOQ–1447 ng/g fat) and with a mean concentration of 1.1 ng/g ww
(equivalent to 132 ± 352 ng/g lw). To the best of our knowledge, this is
the first work that assess PYRs in the blood of pets. Few studies involving
laboratory animals focused mainly on determining PYR metabolites after
controlled exposure to parent compounds (Appenzeller et al., 2017;
Lestremau et al., 2014). PYRs were also detected by our research team in
human biological samples in the same region. Permethrin, cypermethrin
and deltamethrin were the most common PYRs found in placenta, while
only deltamethrin was the dominant in meconium (Fernández-Cruz et al.,
2020). Permethrin, deltamethrin, cyfluthrin and cypermethrin were de-
tected in human milk (López Sanguos et al., 2023). Although they are re-
ported as non-toxic chemicals to mammals due to their easy
metabolization, some researchers have discussed their potential bioaccu-
mulation since they are suspected to produce alterations and neurotoxical
effects in several animals including humans (Alonso et al., 2012; Chang
et al., 2016; Corcellas et al., 2017; Etterson et al., 2017; Lestremau et al.,
2014).

3.1.3. PCBs
Total PCB plasma concentrations (ΣPCBs) ranged from 0.21 to 4.3 ng/g

(equivalent to 18–525 ng/g lw), with a mean concentration of 0.99± 0.78
ng/g ww (equivalent to 122 ng/g lw). Mean NDLPCB levels were 0.80 ±
0.72 (equivalent to 99 ± 89) whereas 0.19 ± 0.15 ng/g ww (equivalent
to 23 ± 19 ng/g lw) were detected for DLPCBs. PCB 28 was the major
PCB contributor (0.57 ± 0.62 ng/g ww) followed by PCB 118 (0.11 ±
0.11 ng/g ww) and PCB 101 (0.070 ± 0.050 ng/g ww). The congeners
PCB 11, 52, 81, 105, 114, 126, 156, 157, 167, 169, 189, and 209 were
not detected in any of the dog plasma samples. Marker PCBs (PCB 28, 52,
101, 138, 153 and 180) were the major congeners detected in human bio-
logical samples in the same region (Fernández-Cruz et al., 2020; López
Sanguos et al., 2023). Our results obtained in plasma dog samples agree
with those previous in Spain where PCB 28 dominated NDLPCB pattern
(Ruiz-Suárez et al., 2015). PCB concentrations of 73 ± 69 and 24 ± 26
ng/g lw were found by Ruiz-Suárez et al. (2015) and (2016) in dog plasma
samples from the Canary Islands, respectively. Mizukawa et al. (2013) and
(2016) detected about 56 PCBs in blood samples of Japanese pet dogs. PCB
levels ranged from<7.4–320 pg/gwhole blood wet in 2013, and <7.4–120
pg/g pg/g whole blood wet in 2016. PCB 180 was predominant whereas
PCB 118 was the majority DLPCB in both researches. PCB levels were
also detected in Turkish dog plasma samples (10 ng/g lw, Yavuz et al.,
2018) and in dog serum samples from Pakistan (18 ng/g lw, Ali et al.,
4

2013). PCB 118 was also the majority compound whereas PCB 138 and
101 were the predominant NDLPCBs in the cities of Faisalabad,
Islamabad and Lahore (Pakistan). Lau et al. (2017) found PCB 118 as the
higher DLPCB (91 ng/g lw) and PCB 66 and 101 dominated NDLPCB pat-
tern (184 and 77 ng/g lw, respectively) in euthyroid dog serum samples
from North America (PCB mean level of 37 ng/g lw).

3.1.4. OCPs
OCPmean levels of 0.27± 0.017 ng/gww (equivalent to 33± 2.1 ng/

g lw) were found in dog plasma. Only HCB was detected in all plasma sam-
ples (17 ± 32 ng/g lw) followed by α-HCH with a detection frequency of
10% (1.0±3.2 ng/g lw). HCB andHCHwere also detected in our previous
studies in human biological samples (Fernández-Cruz et al., 2020; López
Sanguos et al., 2023). OCPs represent one of the most persistent chemicals
with high bioaccumulation potential in food webs because it is still being
generated unintentionally as by-product in several chemical processes
(Yavuz et al., 2018).

Similar OCP concentrations were found by Ruiz-Suárez et al. (2015) in
plasma of Spanish dogs (32 ± 30 ng/g lw) detecting cyclodienes as major-
ity compounds (27 ± 25 ng/g lw). The same authors found higher OCP
concentrations of 76 ng/g lw in 2016 (Ruiz-Suárez et al., 2016) with HCB
as also the major contributor (22 ± 35 ng/g lw). Ali et al. (2013) also de-
tected similar levels of 32 ± 23 ng/g lw in serum dog samples from
Pakistan where pentachlorophenol was the predominant compound (25
± 20 ng/g lw) followed by HCB (3.8 ng/g lw). Henríquez-Hernández
et al. (2016, 2017) found OCP median plasma levels of 1.2 and 1.5
ng/mL, respectively, in non-parasitized dogs from Spain where dieldrin
and methoxychlor dominated OCP pattern.

3.1.5. PBDEs
PBDEs were detected in 41 % of the plasma samples with a mean con-

centration of 0.15 ± 0.14 ng/g ww (equivalent to 19 ± 18 ng/g lw).
PBDE 47, 99 and 100 accounted for the total PBDE concentrations (10 ±
13, 5.0 ± 8.0 and 3.4 ± 9.1 ng/g lw, respectively). PBDE 47 was also the
PBDE detected in highest concentration in human placenta and meconium
samples of the same region (Fernández-Cruz et al., 2020), whereas PBDE
100 was detected as major contributor in human breast milk (López
Sanguos et al., 2023). Lau et al. (2017) found the highest PBDE concentra-
tions in hypothyroxinemic and euthyroid dogs from the United States (660
± 457 and 523± 547 ng/g lw, respectively) with a detection frequency of
100 %. Nevertheless, Srebočan et al. (2019) showed levels of 0.019 ±
0.032 and 0.011 ± 0.0091 ng/g serum in obese and normal dogs from
Croatia. Ali et al. (2013) found mean levels of 1.9 ± 1.1 ng/g lw in dogs
from Pakistan while Venier and Hites (2011) showed 1.8 ± 0.40 ng/g
ww in American dogs. PBDE 47 was the most frequent compounds in
serum samples whereas PBDE 209 in whole blood samples (Mizukawa
et al., 2013, 2016; Nomiyama et al., 2014). Mizukawa et al. (2013) and
(2016) suggested that PBDE 209 presence in blood might be caused by
the consumption of commercial dry food and also, by the country restric-
tions on the use of tetra- and octa-BDEs formulations. Andersen et al.
(2015) showed that PBDE contamination trends in Artic fox samples were
decreasing in accordance with other Artic mammals since PBDE formula-
tions were banned.

3.1.6. OPPs
In the last decades, OPPs have been used in several activities involving

food production or animal health. Despite their moderate persistence in the
environment, residues of chlorpyrifos have been reported worldwide in dif-
ferent non-target organisms (European Food Safety Authority (EFSA) et al.,
2017). In 2019 The European Commission decided to remove chlorpyrifos
from all the EU Member States because of its genotoxic and neurotoxic
potencial (EFSA, 2019).

Only chlorpyrifos was detected in plasma with a detection frequency of
26% (0.017±0.020 ng/gwwequivalen to 2.1±2.7 ng/g lw). To the best
of our knowledge, this is also the first work that assess OPPs in the blood of
pets. Researches carried out in humans showed different OPP range
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concentrations. Our previous studies with human biological samples
showed that diazinon, parathion, fenthion and chlorpyrifos were detected
in placenta, meconium and breast milk samples of the same region
(Fernández-Cruz et al., 2020; López Sanguos et al., 2023). Simaremare
et al. (2020) found chlorpyrifos levels of 73 μg/L in a pilot study with
women blood in Taiwan. Lower levels were detected in human plasma
from Thailand ranged from not detected to 0.66 ng/mL (Naksen et al.,
2016) and from India with mean levels of 0.8 ng/mL (Banday et al.,
2012). Berman et al. (2011) showed chlorpyrifos plasma median levels of
0.010 ng/mL with a detection frequency of 42 % in Israelite women. In a
controlled study with plasma rat samples, Appenzeller et al. (2017) showed
that chlorpyrifos was the only organophosphorus compound present even
in the control samples with a mean levels of 0.15 ng/mL.

3.2. Factors contributing to burden of OPs in plasma samples of pet dogs

Several statistical analyses were performed in order to find significant
correlation between the detected OP levels and the variables included in
the epidemiologic questionnaire (Table 1). Multiple analysis of variance
(MANOVA) revealed significant outcomes (p < 0.05) for selected epidemi-
ological factors as is shown in Table 3.

Sex was the only significant factor (p < 0.05) for total PAHs and an im-
portant factor (p > 0.050) for total PBDE levels in plasma samples. Never-
theless, sex (PBDE 100), size (PCB 118), place (PCB 180) and age
(Permethrin) were also significant factors (p < 0.05) when the individual
OPs were evaluated. Fig. 1 shows plots of mean concentrations of individ-
ual P, PBDE 99 PCB 101, PCB 118 and permethrin compounds according
to the sex and age of the pet dogs, in order to see if the mean levels varied
between the results obtained for sex and age.Of the age factor, the highest P
and PCB 101 levels detected in pre-adult (lower than 1 year old) and adult
age (between 1 and 8 years old) could be explained by the OPs acquired
during suckling (fat-rich diet of milk). Age has been previously reported
as a one of the influence factors in OCP and PCB levels in tissues of hedge-
hogs (Arıkan et al., 2018). These results are in agreement with those ob-
tained in our previous work in hair of pet animals (González-Gómez
et al., 2018), in biological samples of wild boars (González-Gómez et al.,
2020a), in feather samples of feral pigeons (González-Gómez et al.,
2020b), and with those reported by Haave et al. (2003) in plasma samples
of Bears at Svalbard. Females can transfer pollutants to their offspring
through breast milk (Naso et al., 2004; González-Gómez et al., 2020a,
2020b). Opposite trend was observed by PBDEs (PBDE 99 and PBDE 100).

Fig. 2 shows plots of mean concentrations of individual P, Chlorpyr,
PBDE 99, PCB 180, PCB 118 and permethrin compounds according to the
sex and size of the pet dogs. Significant interactions were observed between
sex and size for P, chlorpyrifos, PBDE 99, PCB 180 and Permethrin
(Table 3). As can be seen in Fig. 2, chlorpyrifos levels detected in small
pets were higher than the detected in pets of normal size. Similar trend
was observed in our previous work where significant differences (p <
0.0923) were found for hair OPP levels in toy pets (González-Gómez
et al., 2018). Although, permethrin levels followed the same trend in fe-
males, no differences were detected between small pets and normal pets
Table 3
Summary of the statistically significant factors (age, sex, size and place) and their
interactions (***p < 0.0010, **p < 0.010, *p < 0.050 and 1p < 0.10) affecting OP
levels in plasma samples. Multi-Way ANOVA was used.

OP group OPs Significant factors Significant interactions

PAHs P Sex* Sex:Size1 (0.08653); Age:Sex1 (0.06983)
Chry Place1 (0.09796)

OPPs Chlorpyr Sex:Size*
PBDEs PBDE 100 Sex*

PBDE 99 Age:Sex1 (0.05992); Sex:Size1 (0.08992)
PCBs PCB 101 Sex1 (0.06013)

PCB 118 Size*
PCB 180 Place* Sex:size*

PYRs Permethrin Age** Sex:size**; Sex:Place1 (0.085221)
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in males (Fig. 2). The presence of OPPs and PYRs at home was in the past
associated with the use of home sprays to prevent or control insect damage
(Ostrea et al., 2006) and therefore, toy pets could bemore exposed to OPPs
and PYRs than normal size pets (Fig. 3). Similar trend was observed for
PBDE 99 with toy pets (Fig. 2). They are suitable for small living spaces,
where PBDE concentrations could be higher than houses in the countryside
where normal size dogs are ubiquitous in country houses.

For better understanding of the P and PCB180 levels in plasma samples,
we have showed the interaction plots between sex and housing, and be-
tween housing and size (Fig. S1). As can be seen in Fig. 2, P and PCB 180
levels detected in toy pets of females were higher than in toy pets of
males, the same trend was observed for pets living indoor than outdoor.
Nevertheless, it should be pointed out the potential confounding effect of
parameters such as age in females due to the lactation period (Fig. 1).
There are only 18 plasma samples of females (2 pre-adult, 6 adult and 8 se-
nior). Plasma P and PCB 180 levels detected in toy dogs in the cities were
higher than the detected in rural dogs with normal size as it was previously
obtained in our previous work in hair of pet animals (González-Gómez
et al., 2018). We had concluded that small pets would be more exposed
to urban pollution from exhaust pipes of cars.
3.3. Correlations between hair and plasma samples of the selected pet dogs

In our previous work, we have also determined OPs in hair pet samples
(González-Gómez et al., 2018). Data are also shown in Table S6. Distribu-
tion pattern of ΣPAHs >ΣPBDEs >ΣOPPs >ΣOCPs >ΣPCBs was observed
in hair, whereas ΣPAHs > ΣPYRs > ΣPCBs > ΣOCPs > ΣPBDEs >ΣOPPs
was detected in plasma. We found similar detection trend for some OPs
(PAHs, NDLPCBs, OCPs, OPPs and PBDEs).

Nevertheless, only OP plasma levels of 9 of the studied dogs were corre-
lated with those obtained from hair from the same pet. Cluster analysis was
performed to check the unsupervised distribution of the common data ob-
tained in hair and plasma samples by using Ward method (Fig. S2). Choos-
ing a relatively large and safe cutting value at the linkage distance of 7.0,
the samples have been grouped in four clusters (coloured in black, red,
green and blue) in the hierarchical clustering on the factor map showed
in Fig. S2A. Using the same colour code, a PCA is showed in Fig. 2C chosen
as supplementary factors age, sex, housing and size. Otherwise, the PCA
outputs obtained were used to explore relationships between OPs in the se-
lected samples. Statistic models (the explained validation variance) sug-
gested that four PCs (describing 31.75 %, 26.57 %, 19.79 % and 12.47 %
of the variance) contained significant information for the selected samples.
The graph of variables (correlation circle) shows the relationship between
variables (Fig. S2B) and the dimensions. Moreover, FAMD was also per-
formed to handle the mixed type of data and to confirm the results ob-
tained. FAMD does the analysis with a combination of PCA and MCA
techniques. MCA stands for Multiple Correspondence Analysis which is
suitable for multiple categorical factors specifically (place, sex, age and
size). Fig. S3 shows the correlation between variables both -OP levels de-
tected (quantitative variables) and epidemiological factors (qualitative var-
iables)- and the principal dimensions, as well as, the contribution of
variables to the dimensions 1 and 2. From the Fig. S3, age and size factors
contributed most of the first dimension, and size and sex factors of the sec-
ond dimension. Moreover, correlation between P levels in plasma and size,
and between PCB 180 levels and housing are shown. These correlations
agree with the significant factors obtained by MANOVA (Table 3).

Spearman's rank correlation test was used to find correlations between
OPs detected in plasma sampleswith those obtained previously in hair sam-
ples. Correlations were found between PCB101 and PCB 180 (0.309; p <
0.050), and between PBDE 99 and 100 (0.78; p < 0.00010) in plasma sam-
ples, concluding that similar organobromine and organochlorine sources of
compounds could be responsible for the detected concentrations in plasma
samples.Moreover, correlations between P (0.798; p< 0.050), Chry (0.683;
p < 0.0621) and PBDE 100 (−0.7135; p > 0.050) levels in both biological
samples using Pearson's correlation coefficient.
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Fig. 1.Mean plots of the log concentration levels of P, PCB 101, PBDE100, PBDE99, PCB 118 and permethrin detected in plasma samples for age (pre-adult, adult and senior)
and sex (females (FM) and males (M)).
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To date, there is only one study where OCP, PCB and PBDE levels have
been reported in dog serum and hair (Ali et al., 2013). They did notfind sig-
nificant correlations between POPs detected in both matrices (p > 0.050),
attributing such results to the limited number of paired samples available
6

(n = 10). Altshul et al. (2004) described a significant Spearman's correla-
tion (0.80; p < 0.050) for p'p-DDE in human hair and blood samples.
Zheng et al. (2016) observed positive correlations (p < 0.0010) in both ma-
trices (blood and hair) for PCBs analysed (including NDLPCBs) in residents
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Fig. 2.Mean plots of the log concentration levels of P, Chlorpyr, PBDE 99, PCB 180, PCB 118 and permethrin detected in plasma samples for sex (female (FM) andmale (M))
and size (normal and toy).
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of China. Barmpas et al. (2020) observed statistically significant Spearman's
correlations only for PCB 101 (0.280; p= 0.022) between bothmatrices in
pregnant women from Greece. In controlled studies with rats chronically
exposed to OPs, it was found a Spearman correlation coefficient of 0.94
for DDT (p < 0.0001) (Chata et al., 2016) (Fig. 3).
7

4. Conclusions

Most target pollutants were detected in blood plasma samples of dog
pets from Galicia (north-western Spain), mean concentrations were in the
following order: ΣPAHs > ΣPYRs > ΣPCBs > ΣOCPs > ΣPBDEs >ΣOPPs.
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Age, housing, size and sex factors were set as the factors with statistical
significance for some of the target OPs in plasma samples, whereas size and
sex showed statistical differences for some of the target OPs in hair in our
previous study (González-Gómez et al., 2018).

Similar organobromine and organochlorine sources of compounds
could be responsible for the detected concentrations in plasma, since statis-
tically significant correlationswere found between PCB101 and PCB 180 as
well as between PBDE 99 and 100. Correlations for each OP in both plasma
and hair samples were also explored. Positive correlations were found be-
tween P and Chry, whereas PBDE 100 presented negative correlation.
Therefore, the usefulness of hair as a biomonitoring tool of PAH and
organobromine compounds should be explored in greater depth in the fu-
ture as an useful non-invasive matrix to asses body burdens.
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