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ABSTRACT. The biological effects of lead (Pb) contamination have been reported in various species. There are no restrictions on the
use of Pb products, including bullets, in the areas south of Hokkaido, Japan. Local governments have announced the presence of Pb
in the soil sediments of water bodies. Previous studies have confirmed the relationship between blood Pb level (BLL) and immune cells.
This study was performed with the aim of clarifying the effect of Pb contamination on immune cells. In total, 170 Black-headed Gulls
(Chroicocephalus ridibundus) were captured, including a population in Tokyo Bay between November 2018 and April 2021 and a
population in Mikawa Bay between January 2019 and April 2021. Linear regression analysis was performed with the white blood cell
count (WBC), proportion of heterophils (Het), proportion of lymphocytes (Lym), ratio of heterophils and lymphocytes (H/L ratio),
copy number of CD4 messenger RNA, and copy number of CD8α messenger RNA as the objective variables, and the BLL as the
explanatory variable. The group with BLL < 1.0 µg/dL had a significantly lower Het and higher Lym than that with BLL > 3.5 µg/dL
(P < 0.05). In addition, the group with BLL < 1.0 µg/dL had a significantly lower H/L ratio than that with BLL > 3.5 µg/dL. CD8α
and WBC were higher in the group with BLL ranging from 1.0 to 3.5 µg/dL than in the group with BLL < 1.0 µg/dL. This study suggests
that the effect of Pb pollution on the immune cells of Black-headed Gulls is lower than some previous criteria values. It is possible that
gulls affected by Pb contamination suffer indirect negative effects on immune function, possibly making them more susceptible to
infectious diseases. Pb is a major environmental pollutant, against which measures must be taken.

Estimation des niveaux de concentration de référence en plomb (Pb) affectant les cellules immunitaires
dans le sang de Mouettes rieuses (Chroicocephalus ridibundus, Laridae)
RÉSUMÉ. Les effets biologiques de la contamination par le plomb (Pb) ont été rapportés chez diverses espèces. Il n’existe aucune
restriction sur l’utilisation de produits contenant du Pb, y compris les balles, dans les régions situées au sud d’Hokkaido, au Japon.
Les gouvernements locaux ont annoncé la présence de Pb dans les sédiments des plans d’eau. Des études antérieures ont confirmé la
relation entre le niveau de Pb dans le sang (NPS) et les cellules immunitaires. L’objectif de la présente étude était de clarifier l’effet de
la contamination par le Pb sur les cellules immunitaires. Au total, 170 Mouettes rieuses (Chroicocephalus ridibundus) ont été capturées,
dont une population dans la baie de Tokyo entre novembre 2018 et avril 2021 et une population dans la baie de Mikawa entre janvier
2019 et avril 2021. Une analyse au moyen de régressions linéaires a été réalisée avec le nombre de globules blancs (GLB), la proportion
d’hétérophiles (Het), la proportion de lymphocytes (Lym), le rapport entre les hétérophiles et les lymphocytes (rapport H/L), le nombre
de copies de l’ARN messager CD4 et le nombre de copies de l’ARN messager CD8α comme variables objectives, et le NPS comme
variable explicative. Le groupe à NPS < 1,0 µg/dL avait une Het significativement plus faible et une Lym significativement plus élevée
que celui à NPS > 3,5 µg/dL (P < 0,05). De plus, le groupe à NPS 3,5 µg/dL. Les taux de CD8α et de GLB étaient plus élevés dans le
groupe dont le NPS était compris entre 1,0 et 3,5 µg/dL que dans le groupe dont le NPS était < 1,0 µg/dL. La présente étude indique
que l’effet de la pollution par le Pb sur les cellules immunitaires des Mouettes rieuses est inférieur à certaines valeurs de critères antérieurs.
Il est possible que les mouettes affectées par la contamination par le Pb subissent des effets négatifs indirects sur la fonction immunitaire,
les rendant peut-être plus sensibles aux maladies infectieuses. Le Pb est un polluant environnemental important, contre lequel des
mesures doivent être prises.
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INTRODUCTION
Lead (Pb) is a common environmental pollutant that has
physiological effects on both humans and animals (Cromie et al.
2014, Masindi and Muedi 2018). In the document “Risk
Communication on Chemical Substances” published by the
Ministry of the Environment of the Government of Japan, an
impact dose is defined as a dose that does not cause any clinical
symptoms, a toxic dose causes clinical symptoms and potentially
death, and a lethal dose has a high probability of death (Ministry
of the Environment 2008). If a bird ingests a lethal dose, death
occurs immediately (Pain et al. 2009). Toxic doses cause nonspecific neural and gastric symptoms, a decline in the reproductive
success rate, and immune system suppression (Kendall et al. 1996,
Williams et al. 2018).
Impact doses also cause non-specific symptoms, but these
generally have no effect on birds. The symptoms of impact doses
are increased foraging distance from their own population (Pain
et al. 2019), suppression of humoral immunity (Snoeijs et al.
2004), and increased production of immunoglobulin E (IgE) and
cytokines in response to an allergen that causes inflammation
(Tepper et al. 1990, Heo et al. 1997, Miller et al. 1998, Wood et
al. 2004), but these generally have no effect on birds. Nevertheless,
of these symptoms, immunity suppression can lead to mass
mortality in the event of highly pathogenic infections in the
habitat of Pb-contaminated birds (Ushine et al. 2020a). It is
difficult to point out the effects of contaminants in wildlife based
on impact dose, given the likely absence of noticeable symptoms
(Johnson et al. 2007). However, impact doses are considered to
have significant effects on the long-term survival of species. For
example, Eurasian Blackbirds (Turdus merula) have a reduced
lifetime breeding success rate because of chronic Pb
contamination (Fritsch et al. 2019).
As anthropogenic effects on the conservation of bird species are
increasing annually, it is necessary to properly evaluate how these
effects threaten the survival of bird species (Richard et al. 2021).
In several marine mammals, polychlorinated biphenyl (PCB)
contamination causes immunosuppression, leading to mass
mortality during viral infections (Ross et al. 1995). In Eurasian
Sparrowhawks (Accipiter nisus), it has been reported that even
below the pollution threshold for cadmium (Cd) their growth rate
is reduced (Grúz et al. 2019). In fact, mass mortality of wild birds
has been reported in multiple places globally (Camphuysen et al.
2002, Fey et al. 2015), and it is possible that low-level
contamination from environmental pollutants was responsible for
these deaths.
Black-headed Gulls (Chroicocephalus ridibundus, Laridae) belong
to the gull family and are widely distributed across Eurasia
(BirdLife International 2022). They are flocking birds that form
breeding colonies (Andersson et al. 1981), and those that breed
in high latitudes also migrate (Burger et al. 2020). They spend the
non-breeding season in Japan (BirdLife International 2022).
Black-headed Gulls often select urban areas as their breeding and
wintering habitats, thus, they are a species familiar to humans
(Feng and Liang 2020), but also a wild bird easily affected by
human society (Kitowski et al. 2018).
Previous research has shown that Black-headed Gulls are
contaminated with Pb, which affects the percentages of
heterophils and lymphocytes in the peripheral blood (Ushine et

al. 2020b). In addition to Pb contamination, oil spills (Newman
et al. 2000, Seiser et al. 2000), plastic ingestion (Lavers et al. 2019),
methylmercury exposure (Sonne et al. 2020), and seabird-specific
infections (Kirkwood et al. 1995) have all been reported to affect
the blood chemistry of seabirds. However, among these
potentially pathogenic factors, Pb is rather unique, as it is a heavy
metal widely used by humans and is one of the most common
environmental pollutants (Assi et al. 2016).
The purpose of the present study was to determine the minimum
Pb level that affects six types of cells and molecules in the
peripheral blood with immunity function, i.e., the total number
of white blood cells (WBC; cell/µL), proportion of lymphocytes
(Lym; %), proportion of heterophils (Het; %), ratio of heterophils
to lymphocytes (H/L ratio), copy number of CD4 messenger
RNA (CD4; number of copies/µL), and copy number of CD8α
messenger RNA (CD8α; number of copies/µL) in Black-headed
Gulls during the winter season. We sought to clarify the
relationship between the blood Pb level (BLL) and the ratio of
immune cells and molecules in peripheral blood, and to determine
the minimum Pb contamination level with a significant effect on
the ratio of immune cells and molecules. We hypothesize that the
impact dose of BLL causes a significant change in the six types
of cells and molecules in peripheral blood with immunity
function. This study therefore aims to contribute to the risk
assessment of wild bird pathogens by clarifying the effects of Pb
contamination on wild birds and their immune function on cells
and molecules.
Among wild birds, seabirds are more susceptible than others to
the effects of environmental pollutants (Walsh 1990). For
instance, male Black-legged Kittiwakes (Rissa tridactyla),
individuals with high mercury levels, are more likely to neglect
their breeding behavior (Tartu et al. 2015). Dichloro-diphenyltrichloroethane (DDT) is known to cause population declines and
behavioral disorders in some sea bird species (Burger and
Gochfield 2004). Furthermore, it was suggested that bird species
that select urban areas as their habitat tend to be more susceptible
to artificial environmental pollutants than those that live in the
suburbs (Lebedeva 1997). Thus, our report can also serve as an
appropriate case study of the effects of environmental pollution
for seabirds and other wild birds living in urban areas.

METHODS
Study area
This study was conducted in Tokyo Bay, Chiba Prefecture (35°N,
139°E), and Mikawa Bay, Aichi Prefecture (34°N, 137°E; Fig. 1).
These areas were reported as wintering areas for the Black-headed
Gull arriving from Russia and China (Yamashina Institute for
Ornithology 2002).

Sample animals
Black-headed Gulls were captured by hand, noose trap, or
whoosh net from November 2018 to April 2021 at Tokyo Bay and
from January 2019 to April 2021 at Mikawa Bay. Peripheral blood
(less than 0.5% of body mass) was collected using a heparincoated syringe (Nipro, Osaka, Japan) as previously reported (Fair
et al. 2010). After hemostasis was confirmed, the gull was released
with a color ring and a metal ring for identification in the left and
right tarsus of the gulls, respectively, in the Tokyo Bay population.
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For the Mikawa Bay gulls, only a metal ring was attached to the
right tarsus. Blood smears were prepared immediately from the
collected blood by the pulled glass method. The smears were fixed
with 100% methanol and stained with Wright-Giemsa stain
(Fujifilm Wako Chemicals, Osaka, Japan). After encapsulation
in the mounting medium (Fujifilm Wako Chemicals, Osaka,
Japan), the differential count of leukocytes was calculated under
an optical microscope at 1000× resolution.

(Berghof, Eningen, Germany). Pb concentrations were measured
with an inductively coupled plasma-mass spectrometer (Agilent
Technology, Santa Clara, California, USA; Toyomaki et al. 2020).
Analytical quality control was performed using the certified
reference material Seronorm™ Trace Elements Whole Blood L-2
(Sero, Billingstad, Norway). Replicate analysis of reference
material showed good accuracy (relative standard deviation less
than 3%) and recoveries (95–105%). Finally, the measurements
were converted to the amount of Pb per µL of blood.

Fig. 1. Capture locations for Black-headed Gull
(Chroicocephalus ridibundus). Both areas are located along the
coast, as indicated by the black circle.

BLL classification
Pb toxicity symptoms depend on the pollutant concentration in
each species (Burger and Gochfeld 2004). A commonly used
reference value is a Pb contamination level of 20 µg/dL, reported
in Anseriformes, Falconiformes, and Accipitriformes (Pain et al.
2019). Reference values for BLL have been determined in some
avian groups that are known to be affected by severe poisoning
or pollution (Swaileh and Sansur 2006). For example, the
reference concentration of Pb in the order Anseriformes is 20 µ
g/dL (Martinez-Haro et al. 2011) and in the genus Haliaeetus is
40 µg/dL (Bedrosian and Craighead 2009). However, establishing
the threshold levels as reference values for heavy metal pollution
requires exposure experiments using animals (Ministry of the
Economy, Trade and Industry 2007). It is difficult to set a
threshold for Black-headed Gulls because no captive exposure
experiments have been performed for this species. Thus, herein,
the BLL was classified into four groups according to quartile
values (< 1.0, 1.0–2.0, 2.0–3.5, and > 3.5 µg/dL) following the
methodology described by Krishnan et al. (2012).

Statistical analysis
Identification of sex and age
Age was assessed based on the plumage and birds were classified
into two groups: yearlings (with first-year plumage) and adults
(not in first-year plumage; Baker 2016). Sex was determined by
targeting a gene on the sex chromosome that codes for a
chromodomain helicase DNA-binding protein (Çakmak et al.
2017). The protocols for the polymerase chain reaction (PCR)
were carried with reference to Ushine et al. (2016).

Evaluation of immunity
The following six indices of peripheral blood were used to evaluate
immunity in Black-headed Gulls (Ushine et al. 2020b): WBC
count (cell number per deciliter), total Lym per 100 leukocytes
and total Het per 100 leukocytes (both determined using a blood
smear), Het/Lym (H/L) ratio, and copy number of messenger
RNA both CD4 and CD8α, which were calculated by performing
a real-time PCR with primers specific to Black-headed Gulls
(GenBank® accession numbers of: LC533369 for CD4, and
LC533370 and LC533371 for CD8α).

Measurement of Pb levels
Clots in the peripheral blood were autoclaved and transported to
Hokkaido University (Kita 8, Nishi 5, Kita-ku, Sapporo,
Hokkaido, Japan). BLL was measured using the method
described by Ushine et al. (2020a), that is, blood samples were
digested with 5 mL of 30% nitric acid (Kanto Chemical Corp.,
Tokyo, Japan) and 1 mL of 30% hydrogen peroxide (Kanto
Chemical Corporation) in a microwave digestion system

Differences in Pb levels with respect to age, sex, and population
were confirmed using the Wilcoxon rank-sum test. If the indices
had any significant differences, the gull populations were
classified according to them. Next, the Shapiro-Wilk test was used
to evaluate if the variables WBC, Het, Lym, H/L ratio, CD4, and
CD8α were normally distributed. To obtain normal distributions,
CD4 and CD8α copy counts were logarithmically transformed
before analysis. Finally, linear regression analysis was performed
with BLL as the explanatory variable. The lowest BLL (< 1.0 µg/
dL) group was used as reference. Statistical analyses were
performed using R software (ver. 3.5.0; R Foundation for
Statistical Computing, Vienna, Austria) and Stata (ver. 14.0;
StataCorp LLC, College Station, Texas, USA). The significance
level was set at 0.05 for all statistical analyses.

RESULTS
A total of 170 gulls were captured and their blood samples were
analyzed (Table 1). Differences in Pb contamination by age, sex,
and population were not significant, and block structures for these
variables were not included. The results of the six blood indices
and BLL are shown in Table 2. Linear regression analysis revealed
significant trends in five indices (Table 3). First, the group with
BLL < 1.0 µg/dL had lower Het than that with BLL > 3.5 µg/dL
(P > 0.05). Second, the group with BLL < 1.0 µg/dL had higher
Lym than that with BLL > 3.5 µg/dL (P < 0.05; Fig. 2). The H/
L ratio was significantly higher in the group with BLL > 3.5 µg/
dL than in animals with BLL < 1.0 µg/dL (Fig. 3). WBC (Fig. 4)
and CD8α (Fig. 5) counts were significantly higher in the groups
with BLL 1.0–2.0 and 2.0–3.5 µg/dL than in those with BLL <
1.0 µg/dL (P < 0.05).
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Table 1. Results of blood test items in 170 Black-headed Gulls
(Chroicocephalus ridibundus) composing a Tokyo Bay group
captured from November 2018 to April 2021 and a Mikawa Bay
group captured from January 2019 to April 2021. WBC (cell/µL);
the total number of white blood cells, Lym (%); proportion of
lymphocytes, Het (%); proportion of heterophils, H/L ratio; ratio
of heterophils to lymphocytes, CD4 (number of copies/µL); copy
number of CD4 messenger RNA, CD8α (number of copies/µL);
copy number of CD8α messenger RNA, Coef.; coefficient, 95%
CI; 95% confidence interval.
Items

Pb groups
(sample size)

WBC

< 1.0 µg/dL (43)
1.0–2.0 µg/dL (52)
2.0–3.5 µg/dL (34)
> 3.5 µg/dL (41)
< 1.0 µg/dL (43)
1.0–2.0 µg/dL (52)
2.0–3.5 µg/dL (34)
> 3.5 µg/dL (41)
< 1.0 µg/dL (43)
1.0–2.0 µg/dL (52)
2.0–3.5 µg/dL (34)
> 3.5 µg/dL (41)
< 1.0 µg/dL (43)
1.0–2.0 µg/dL (52)
2.0–3.5 µg/dL (34)
> 3.5 µg/dL (41)
< 1.0 µg/dL (43)
1.0–2.0 µg/dL (52)
2.0–3.5 µg/dL (34)
> 3.5 µg/dL (41)
< 1.0 µg/dL (43)
1.0–-2.0 µg/dL (52)
2.0–3.5 µg/dL (34)
> 3.5 µg/dL (41)

Het

Lym

H/L
ratio

CD4

CD8α

Coef.
Reference
1586.05
2456.64
1264.10
Reference
1.49
2.81
8.68
Reference
-0.76
-3.36
-8.34
Reference
0.04
0.11
0.29
Reference
0.28
-0.01
0.25
Reference
1.36
3.14
0.07

P value

95% CI

0.01
0.001
0.06

332.65–2839.45
1061.11–3852.15
-63.23–2591.42

0.38
0.14
0.0001>

-1.87–4.85
-0.94–6.55
5.12–12.25

0.65
0.08
0.0001>

-4.11–2.59
-7.09–0.37
-11.89- -4.79

0.43
0.07
0.0001>

-0.06–0.15
-0.01–0.22
0.18–0.40

0.07
0.94
0.12

-0.02–0.59
-0.35–0.32
-0.07–0.57

0.001
0.0001>
0.87

0.55–2.17
2.24–4.05
-0.78–0.93

Fig. 2. Linear regression analysis of the heterophil to
lymphocyte (H/L) ratio for increments in blood Pb level (BLL)
of quartile in 170 Black-headed Gulls (Chroicocephalus
ridibundus) composing a Tokyo Bay group captured from
November 2018 to April 2021 and a Mikawa Bay group
captured from January 2019 to April 2021. The group with BLL
< 1.0 µg/dL was used as a reference group. The center bar shows
the median (%), and the upper and lower bars show the
maximum and minimum values of the boxplot, respectively.
Dots indicate outliers. The H/L ratio for the groups with BLL <
1.0 µg/dL was lower than that for the group with BLL > 3.5 µg/
dL (P < 0.05).

Fig. 3. Linear regression analysis of the number of white blood
cells (WBC) for increments in blood Pb level (BLL) of quartile
in 170 Black-headed Gulls (Chroicocephalus ridibundus)
composing a Tokyo Bay group captured from November 2018
to April 2021 and a Mikawa Bay group captured from January
2019 to April 2021. The group with BLL < 1.0 µg/dL was used
as a reference group. The center bar shows the median (%), and
the upper and lower bars show the maximum and minimum
values of the boxplot, respectively. Dots indicate outliers. The
WBC for the group with BLL < 1.0 µg/dL was lower than that
for the group with BLL 1.0–3.5 µg/dL (P < 0.05).

Fig. 4. Linear regression analysis of the copy number of CD8α
messenger RNA (CD8α) for increments in blood Pb level
(BLL) of quartile in 170 Black-headed Gulls (Chroicocephalus
ridibundus), composing a Tokyo Bay group captured from
November 2018 to April 2021 and a Mikawa Bay group
captured from January 2019 to April 2021. The group with
BLL < 1.0 µg/dL was used as a reference group. The center bar
shows the median (%), and the upper and lower bars show the
maximum and minimum values of the boxplot, respectively.
Dots indicate outliers. The CD8α for the group with BLL <
1.0 µg/dL was lower than that for the group with BLL 1.0–3.5 µ
g/dL (P < 0.05).
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Table 2. Results of blood test variables when blood Pb level is classified into quartiles in 170 Black-headed Gulls (Chroicocephalus
ridibundus) composing a Tokyo Bay group captured from November 2018 to April 2021 and a Mikawa Bay group captured from January
2019 to April 2021. Hyphen indicates that there is no applicable item.
Items

Population

Age

Sex

Sample size

Average

Standard deviation

WBC

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult

Male
Female
Female
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female
Male
Female
Female
Male
Female
Male
Female

59
55
4
10
32
9
1
59
55
4
10
32
9
1
59
55
4
10
32
9
1
59
55
4
10
32
9
1
59
55
4
10
32
9
1
59
55
4
10
32
9
1
59
55
4
10
32
9
1

6589.8
6189.3
5400.0
6654.5
5141.2
7700.0
5600.0
38.7
40.3
33.8
38.6
44.6
33.3
28.6
57.3
56.6
63.5
59.1
53.7
63.3
68.0
0.71
0.75
0.54
0.68
0.88
0.58
0.42
4.57
4.53
4.59
4.24
4.35
4.16
4.21
3.29
3.19
2.64
3.23
2.66
2.24
1.31
1.39
2.00
1.18
2.00
1.99
2.69
0.48

3517.5
3186.8
2196.9
2122.43
1985.7
3637.0
7.9
8.7
4.2
8.4
8.5
10.8
8.9
8.7
3.5
7.3
8.5
11.9
0.26
0.27
0.10
0.24
0.30
0.32
0.75
0.59
1.84
0.69
0.81
0.96
2.38
2.46
0.89
2.97
1.95
1.59
21.23–0.18
28.90–0.18
3.50–0.80
28.90–1.90
31.60–1.00
8.00–1.00
-

Yearling
Het

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult
Yearling

Lym

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult
Yearling

H/L ratio

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult
Yearling

CD4

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult
Yearling

CD8

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult
Yearling

Pb

Tokyo Bay

Adult

Mikawa Bay

Yearling
Adult
Yearling

DISCUSSION
Noteworthily, not all six of the cells and molecules showed
significant changes in minimal BLL. Herein, the proportion of
Het increased for BLL > 3.5 µg/dL, whereas Lym decreased at
the same concentration. An increase in the proportion of Het
affects the immune response suppression caused by the
inflammatory response (Harmon 1998) and a decrease in that of
Lym has a negative effect on the regulation of immune function
(Sharma 1991). Therefore, when BLL > 3.5 µg/dL, the Het and
Lym levels change substantially, possibly leading to negative

effects on immune function. Similarly, the H/L ratio showed a
significant increase when BLL > 3.5 µg/dL as compared with
animals with BLL < 1.0 µg/dL. The H/L ratio is maintained at a
certain value for each avian species (Minias 2019) and deviations
in the H/L ratio indicate abnormal conditions, such as stress and
starvation (Totzke et al. 1999). Our results suggest that the
proportions of Het and Lym were affected at BLL > 3.5 µg/dL
as a result of fluctuations in their levels. The H/L ratio may
possibly be altered by other environmental contaminants besides
Pb. For example, in some passerine species, exposure to carbon
monoxide generated in urban areas significantly alters their H/L
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Table 3. Linear regression analysis of immunity parameters classified into quartiles in blood Pb level (BLL)
in 170 Black-headed Gulls (Chroicocephalus ridibundus) composing a Tokyo Bay group captured from
November 2018 to April 2021 and a Mikawa Bay group captured from January 2019 to April 2021. The
group with BLL < 1.0 µg/dL was used as a reference group. Abbreviations: WBC (cell/µL); the total number
of white blood cells, Lym (%); proportion of lymphocytes, Het (%); proportion of heterophils, H/L ratio;
ratio of heterophils to lymphocytes, CD4 (number of copies/µL); copy number of CD4 messenger RNA,
CD8α (number of copies/µL); copy number of CD8α messenger RNA, SD; standard deviation.
Quartile of BLL (µg/dL)
Sample size
WBC
Average
±1 SD
Het
Average
±1 SD
Lym
Average
±1 SD
H/L ratio
Average
±1 SD
CD4
Average
±1 SD
CD8α
Average
±1 SD

< 1.0

1.0–2.0

2.0–3.5

> 3.5

43

52

34

41

4814
2947

6400
3083

7271
3063

6078
3224

37.2
7.6

38.7
8.2

40.0
9.1

45.9
8.4

59.6
7.6

58.8
8.1

56.2
9,3

51.2
8.1

0.65
0.20

0.69
0.24

0.76
0.28

0.94
0.30

4.33
0.62

4.61
0.84

4.32
0.76

4.58
0.72

2.00
0.63

3.36
2.22

5.14
3.37

2.08
0.64

Fig. 5. Linear regression analysis of the heterophil to
lymphocyte ratio for quartiles in blood Pb level (BLL) in 170
Black-headed Gulls (Chroicocephalus ridibundus) composing a
Tokyo Bay group captured from November 2018 to April 2021
and a Mikawa Bay group captured from January 2019 to April
2021. The group with BLL < 1.0 µg/dL was used as a reference
group. The center bar shows the median (%), and upper and
lower bars show maximum and minimum values of the
boxplot, respectively. Dots indicate outliers. The proportion of
lymphocytes (Lym) in the group with BLL < 1.0 µg/dL was
significantly higher than that in the group with BLL > 3.5 µg/
dL. The proportion of heterophils (Het) was significantly lower
in gulls with BLL < 1.0 µg/dL (P < 0.05).

ratio (Ribeiro et al. 2022). Therefore, factors other than Pb may
have existed for the change in this ratio.
WBC and CD8α levels were significantly higher in the BLL 1.0–
3.5 µg/dL group than in the BLL < 1.0 µg/dL group, unlike the
results for Het and Lym. The biological effect of Pb pollution is
dependent on the Pb level and dose per unit time (Franson and
Pain 2011). Herring Gulls (Larus argentatus) showed a 16%
reduction in equilibrium capacity after exposure to 100 mg/kg Pb
in comparison with 50 mg/kg Pb exposure (Burger and Gochfeld
2010). Fritsch et al. (2019) reported that the reproductive success
rate of the Blackbird decreased with less than 10 µg Pb/g dry
weight of contamination. In some avian species, low Pb pollution
has been reported to reduce bodily strength (Kendall et al. 1996,
Haig et al. 2014). Notably, this study is the first to report changes
in WBC and CD8α in response to Pb and they appear to depend
on the level of the pollutant.
In the current study, only CD4 was found to be not significantly
affected by BLL. However, CD4+ cells are known to be the most
affected immune cell population by Pb pollution (Fenga et al.
2017). Cao (2016) reported that the number of CD4 memory cells
increases upon Pb contamination, whereas naive CD4 cells
decrease. This reported effect is suspected to be one of the reasons
why this study did not show a significant relationship between
BLL and CD4; it is also possible that the Pb level in this study
was too low to affect CD4. Pb contamination in adult humans is
reported to contribute to the activation of T helper 2 (Th2) cells
and to be involved in the proliferation of T helper 1 (Th1) cells,
which are CD4+ T cells (Arstila et al. 1994). In contrast, children
with high BLL have a significantly lower proportion of CD4+
cells than those with low BLL (Cao 2016). In the present study,
the Black-headed Gulls did not develop any toxicity symptoms,
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implying that they were chronically polluted with Pb at an impact
dose level rather than at toxic or lethal levels. Additionally, Pb
effects differ depending on the type of cells expressing CD4
(Arstila et al. 1994); it is therefore possible that no significant
change could be observed in the CD4 levels. In a 30,000 µg/dL Pb
exposure experiment in rats, the CD4 level was significantly
decreased, whereas those of CD8 remained unchanged (Fang et
al. 2012). Therefore, there seems to be no clear relationship
between CD4 and BLL in gulls.
Although the mechanism of Pb contamination on avian immune
suppression has not been elucidated, some case studies reported
immunosuppression after Pb contamination. For example, the
immune activity of Th1 cells is significantly suppressed at a blood
value ≥ 10 µg/dL in the juvenile Mallard (Anas platyrhynchos;
Vallverdú-Coll et al. 2019). In a Pb exposure experiment in
Japanese Quail (Coturnix japonica), the expression of Toll-like
receptor-3, that has an antiviral effect, was significantly decreased
in animals with 5000 µg/dL BLL as compared those with 500 µg/
dL BLL (Nain and Smits 2011). For some bird taxa, reference
values for pollution have been set based on the concentration at
which symptoms of poisoning are observed, such as in
Anseriformes (Martinez-Haro et al. 2011) and Haliaeetus species
(Bedrosian and Craighead 2009). For humans, the biological
effects of low Pb pollution have been investigated in detail in
children; thus, in 2012, the Center for Disease Control and
Prevention (CDC) set a standard value of 5.0 µg for Pb
contamination (CDC 2012). However, in 2021, the CDC revised
this standard to 3.5 µg because of the impact that Pb has on the
intellectual development of infants (CDC 2021). In avian species,
low-level Pb pollution has potential health effects. For example,
chronic Pb contamination was shown to significantly increase the
infection rate and number of intestinal parasites species in
Mallards (Prüter et al. 2018), and a positive relationship between
the parasitism rate of Plasmodium relictum and Pb levels in the
feathers of House Sparrow (Passer domesticus; Bichet et al. 2013)
was reported; none of these birds showed any sign of poisoning,
suggesting that an impact dose of Pb increases the risk of
infection. Therefore, it is reasonable to consider that the BLL
revealed in this research may increase the risk of infection by
pathogens.
The abundance of birds has been declining globally since the
1970s and there are concerns for future declines (Lees et al. 2022).
Various anthropogenic causes have been considered (Richard et
al. 2021). Considering our findings, it is possible that the wild
birds affected by Pb contamination do not only suffer direct
effects, such as lowered reproductive success (Fritsch et al. 2019),
but also indirect negative effects on immune function, possibly
making them more susceptible to infectious diseases. Several
surveys aimed at understanding the levels of pollution affecting
individual birds or avian groups have been conducted in the past
(Mateo et al. 2003, Ayaş 2007, Martinez-Haro et al. 2011). Herein,
we estimated the degree of Pb contamination and its impact on
a single species, the Black-headed Gull, in Japanese populations.
Our findings confirmed that there were many individuals in the
field with low-concentration contamination. Black-headed Gulls
are reported to have a high risk of transmitting avian influenza
to European poultry (Feare 2010) and to be carriers of multidrugresistant Salmonella (Čižek et al. 2006). Thus, low-level
contamination with Pb may be enabling these infections. Pb is a

major environmental pollutant, against which measures must be
taken. There are two ways to minimize the impacts of Pb on wild
birds: reducing the amount of Pb we consume in the future and
removing Pb that is already in the environment. Active
substitution of Pb will reduce Pb emission into the environment.
On the other hand, removal methods are currently trialed with
regard to Pb that has already accumulated in bird sanctuaries,
such as removing sludge from wetlands and pond bottoms (Jurries
2003, von Sperling 2007). In addition, waterfowl that ingest Pb
as a grit can benefit from the addition of gravel to the bottom of
the water body. These methods can decrease the harmful effects
of anthropogenic environmental pollutants on wild birds and aid
long-term bird conservation.

CONCLUSIONS
This study revealed that even the migratory Black-headed Gulls
that inhabit Japan only for the winter season are contaminated
with Pb, and that having BLL > 3.5 µg/dL affects the proportions
of heterophils and lymphocytes in their peripheral blood.
Moreover, it was confirmed that the number of WBCs and the
copy number of CD8α messenger RNA, which are also related
to immune function, increase significantly at BLL 1.0–3.5 µg/dL.
Altogether, the results of this study suggest that Pb contamination
at a low, non-toxic impact dose significantly affects the proportion
of some blood cells and molecules with immune function. Hence,
if a gull continues to inhabit polluted areas, it is more likely to be
infected by pathogens or further contaminated with Pb, a concept
that should support the development of measures against Pb
pollution for the conservation of wild bird species.

Responses to this article can be read online at:
https://www.ace-eco.org/issues/responses.php/2336
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