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The aim of the study was to investigate the effects of winter swimming on biochemical
indicators of the blood. The subjects – winter swimmers – belonged to the Krakow Walrus
Club “Kaloryfer” – “The Heater”. The study group consisted of 11 men, aged 30-50 years,
‘walrusing’ throughout the whole season from November to March. Statistically significant
changes throughout the ‘walrusing’ season were observed for the following biochemical
parameters: a decrease in sodium (mmol/l), chloride (mmol/l), alpha-2 globulin(g/l), gamma
globulin (g/l), IgG (g/l), and an increase in albumin (g/l), indicator A/G, IgA (g/l ), Herpes
simplex virus IgM. Seasonal effort of winter swimmers has a positive influence on
biochemical blood parameters.
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Swimming in cold water, called winter swim-
ming, is a commonly known physical activity. Expo-
sure to cold water causes a number of physiological
responses, the purpose of which is to protect the
human body against excessive heat loss. Studies
have shown that regularly swimming in cold water
brings beneficial effects in the physical and mental
spheres of man (TELEGLOW et al. 2014; NIE-

DOSZYTKO et al. 2009; KOLETTIS et al. 2003;
DUGUE & LEPPANEN 2000).

Research has shown that exercise in water at low
temperatures stimulates metabolism. Carbohydrates
and free fatty acids are the main substrates of en-
ergy, there is a decrease in diffusion of lactate in
the blood, thanks to which patients regularly bath-
ing in water at cryogenic temperatures are charac-
terized by better adaptation to physical exercise.
Furthermore, increased maximal oxygen uptake,
achieved at a lower heart rate and, consequently,
a shift in anaerobic threshold towards higher exer-
cise loads, can be observed. Protection against ex-
cessive heat loss is also evidenced in the
vascularization of the areas mostly at risk of too
much heat loss, such as around the feet, hands, the

ears and head (ZEMAN 2005; ¯EBROWSKA & PO-

KORA 2005; HUTTUNEN et al. 2004; SIEMS et al.

1994). The research by NIEDOSZYTKO et al. (2009),
conducted among Gdansk winter swimmers,
showed that people regularly bathing in cold water
are less likely to have problems with infections of
the upper respiratory tract, characterized by
greater exercise capacity, as well as lower risk of
cardiovascular system diseases compared to the
general population. Those actively participating in
walrus clubs are characterized by agreeableness,
conscientiousness, they have no difficulty in adapt-
ing to the environment and also have a greater abil-
ity to constructively deal with stress. In addition,
these are people who are social, they have an opti-
mistic outlook on the world and are in search of
sensations and experiences.

Application of cold water immersion to subjects
with exercise induced muscle injury who had in-
creased plasma levels of myoglobin and creatine
kinase (CK) (BAILEY et al. 2007). Cold water im-
mersion can also improve antioxidant protection
(SIEMS et al. 1999). Results presented by GOO-

DALL and HOWATSON (2008) concluded that cold
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water immersions are not efficient in muscle gen-
eration following eccentric exercise. No changes
were observed in the values of the tested parame-
ters, i.e. creatine kinase activity (CK), muscle
soreness or maximal voluntary contraction (MCV).

The aim of the study was to investigate the ef-
fects of winter swimming on the biochemical pa-
rameters of the blood in Walruses exposed to
changes in ambient temperature. In order to exam-
ine the biochemical indicators of the blood, sam-
ples of venous blood were taken twice and assayed
for electrolytes (sodium, potassium, chloride) and
kidney function tests were performed (urea, creati-
nine, EGFR, uric acid), as well as liver function
tests (total bilirubin, AST, ALT, GGT, LDH),
electrophoresis (total protein, albumin, alpha-1
globulin, alpha-2 globulin, gamma globulin,
A/G indicator, the levels of immunoglobulin (IgG,
IgA, IgM) and cortisol, creatine kinase, CRP and
the Herpes simplex virus IgM.

Material and Methods

Description of the study group

Winter swimmers take winter baths when the
water temperature ranges from 1°C to 4°C. The
participants belonged to the Krakow Walrus Club
“Kaloryfer” – “The Heater”. In order to investigate
changes in the biochemical blood properties of
people participating in the study, venous blood
was collected and tested twice. The samples were
taken from the same 11 participants at the begin-
ning and end of the study. The study took place at
the Bagry lagoon, at the beginning of the season in
November 2015 and at the end of the season, in
March 2016. The study group consisted of 13 men
aged 30-50 years, ‘walrusing’ throughout the sea-
son from November to March.

From the people involved in the study, samples
of fasting blood were taken in the morning before
going into the water, in the amount of 5 ml from the
elbow vein into tubes with clotting accelerators in
order to obtain serum. The blood was collected by
a qualified nurse under medical supervision. After
collection, the blood was transported to the Maria
Sklodowska-Curie Memorial Institute – Center of
Oncology in Krakow and to the Department of
Laboratory Diagnostics – “Diagnostyka” in Kra-
kow. The study was authorized by the Bioethics
Committee at the Regional Medical Chamber in
Krakow, license no 63/KBL/OIL/2010.

Biochemical assays

Blood samples were collected in accordance
with applicable standards. The serum concentra-

tions of sodium (mmol/l), potassium (mmol/l) and
chloride (mmol/l) were determined using the indi-
rect potentiometric method, the levels of urea
(mmol/l), creatinine (µmol/l), uric acid (mmol/l),
total protein (g/l), total bilirubin (µmol/l), AST
(Unit/l) (aspartate aminotransferase), ALT
(Unit/l) (alanine aminotransferase), GGT (Unit/l)
(gamma glutamyltransferase), LDH (Unit/l) (lac-
tate dehydrogenase) and CK (Unit/l) (creatine ki-
nase) in the serum were assessed using the
spectrophotometric method with a reagent kit and
the Roche Diagnostics c501 Cobas analyzer. For
all the participants, based on creatinine concentra-
tion (µmol/l) in the serum, the value of the glom-
erular filtration rate (eGFR) was estimated based
on the MDRD formula (Modification of Diet in
Renal Disease Study).CRP concentration (mg/l)
(acute phase protein) and immunoglobulin
classes: IgG (g/l), IgA (g/l), IgM (g/l),were deter-
mined using the immuno-nephelometric method
(reagent kits and BN ProSpecNephelometer-
Siemens Healthcare Diagnostics). Albumin con-
centrations (g/l) and globulin fractions (g/l) were
calculated on the basis of total protein concentra-
tions (g/l) and the separation of serum proteins us-
ing the capillary electrophoresis method with the
Sebia Minicapanalyzer (Horiba ABX). Cortisol
testing (nmol/l) was performed using the ECLIA
method with reagent kits and the Roche Diagnos-
tics E411 Cobas analyzer. Determination of the
Herpes Simplex Virus (HSV-1/2) was done using
the Euroimmun kit.

Statistical analysis

Continuous variables are presented as mean ± stan-
dard deviation (x±SD). The normality of distribu-
tion was tested using the Shapiro-Wilk test.
Depending on the normality of distribution, inter-
group comparisons were performed using the Stu-
dent’s t-test for paired samples or the Wilcoxon
signed-rank test. Statistical significance was de-
fined as P�0.05. All calculations were performed
using the Statistica 12 (StatSoft®, USA) software.

Results

Electrolytes. We found a statistically significant
decrease of sodium (by 2.13%) and chloride levels
(by 3.29%) between the beginning and end of the
cold water swimming season. A downward trend
of potassium level was observed, but without sta-
tistical significance (Table 1).

Renal function tests. We found no statistically
significant changes in creatinine, eGFR and uric
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acid levels as presented in Table 2. We observed
a downward tendency of plasma urea, but without
statistical significance.

Liver function tests. Measured liver tests such as
total total bilirubin, AST – aspartate transaminase,
ALT – alanine transaminase, GGT – gamma gluta-
myltransferase and LDH – lactate dehydrogenase
showed no statistically significant changes (Table 3).

Serum proteins, cortisol, creatinine kinase.

Throughout the cold water swimming season, we
found a statistically significant decrease of gamma
globulin (by 6.59%), alpha-2 globulin (by 8.49%)
and IgG (by 6.75%) levels. We observed a signifi-
cant increase of albumin (by 4.16%), A/G ratio (by
13.64%), IgA level (by 14.08%) and HSV IgM (by
45%) following winter swimming. We found no
statistically significant changes in cortisol or cre-
atinine kinase levels (Table 4 and 5).

Table 1

Selected electrolyte changes between the
beginning and end of the swimming season
in the group of 11 subjects. Na – sodium, K
– potassium, Cl – chloride, x±SD – mean
value ± standard deviation

Parameter

Before
swimming

season
x±SD

After
swimming

season
x±SD

P

Na (mmol/l) 143.33 ± 2.23 140.27 ± 2.24* 0.003

K (mmol/l) 4.56 ± 0.40 4.41 ± 0.33 0.091

Cl (mmol/l) 100.03 ± 1.81 96.76 ± 1.87* 0.00004

* – statistically significant differences at P�0.05.

Table 2

Mean values ± standard deviations of se-
lected renal function parameters in the
group of 11 subjects examined at the begin-
ning and end of the swimming season. eGFR
– estimated glomerular filtration rate

Parameter

Before
swimming

season
x±SD

After
swimming

season
x±SD

P

Urea (mmol/l) 5.87 ± 1.09 5.42 ± 1.32 0.068

Creatinine (µmol/l) 84.21 ± 10.19 83.35 ± 8.22 0.756

eGFR (ml/min/1.73m2) 83.25 ± 7.39 75.82 ± 25.87 0.834

Uric acid (µmol/l) 342.05 ± 56.62 339.29 ± 67.66 0.802

Table 3

Mean values ± standard deviations of se-
lected liver function parameters in the group
of 11 subjects examined at the beginning and
end of the swimming season. AST – aspartate
transaminase, ALT – alanine transaminase,
GGT – gamma glutamyltransferase, LDH –
lactate dehydrogenase

Parameter
Before

swimming
season ±SD

After
swimming

season ±SD
P

Total bilirubin
(µmol/l) 13.74 ± 6.54 15.15 ± 6.91 0.657

AST (U/l) 26.03 ± 4.87 23.19 ± 4.52 0.145
ALT (U/l) 28.54 ± 13.41 27.09 ± 14.96 0.859
GGT (U/l) 30.54 ± 11.31 29.80 ± 18.67 0.328
LDH (U/l) 185.25 ± 20.10 174.47 ± 18.70 0.286

Table 4

Mean values ± standard deviations of se-
lected serum protein parameters in the
group of 11 subjects examined at the begin-
ning and end of the swimming season. A/G
– albumin to globulin ratio

Parameter

Before
swimming

season
x±SD

After
swimming

season
x±SD

P

Total protein (g/l) 76.90 ± 2.63 76.31 ± 3.60 0.717
Albumin (g/l) 46.53 ± 1.39 48.47 ± 2.75* 0.010
Alpha-1 globulin (g/l) 2.75 ± 0.35 2.59 ± 0.39 0.154
Alpha-2 globulin (g/l) 6.83 ± 1.05 6.25 ± 1.13* 0.021
Gamma globulin (g/l) 11.83 ± 1.38 11.05 ± 1.6* 0.025
A/G 1.54 ± 0.10 1.75 ± 0.16* 0.003
IgG (g/l) 12.73 ± 1.55 11.87 ± 1.65* 0.001
IgA (g/l) 2.13 ± 0.50 2.43 ± 0.71* 0.006
IgM (g/l) 0.98 ± 0.40 0.96 ± 0.49 0.715

* – statistically significant differences at P�0.05

Table 5

Mean values ± standard deviations of se-
lected parameters in the group of 11 sub-
jects examined at the beginning and end of
the swimming season. CK – creatine kinase,
HSV – herpex simplex virus.

Parameter
Before swim-
ming season

x±SD

After swim-
ming season

x±SD
P

CK (U/l) 195.38 ± 63.40 188.95 ± 75.71 0.548
Serum cortisol
(nmol/l) 379.14 ± 91.72 377.23 ± 159.02 0.670

HSV IgM 0.20 ± 0.06 0.29 ± 0.08* 0.011

* – statistically significant differences at P�0.05.
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Discussion

In this study we asked – what is the effect of
regular winter swimming over a period of 5
months on biochemical indicators of the blood in
winter swimmers? We found that systematic win-
ter swimming has an impact on several biochemi-
cal and immune system parameters.

Electrolytes

The observed substantial decrease in sodium and
chloride levels is possibly caused by several
mechanisms. The most probable explanation of
this phenomenon is diuretic-urine sodium loss. In-
creased diuresis after swimming leads to greater
electrolyte loss with the urine. Cold-induced diu-
resis is caused by central redistribiution of blood
due to peripheral vasoconstriction and increased
hydrostatic pressure (TIPTON & BRADFORD

2014). Circulated plasma volume may be reduced
by 24% as described by (MARTINEAU & JACOBS

1988). Other probable mechanisms that may
strengthen the above mentioned effect include:
higher albumin levels as observed in our study and
lower levels of glucosteroid hormones. We ac-
knowledge that the registered decrease of sodium
is in the normal range. However, the lowering of
sodium levels within the normal limit called hy-
ponatremia may cause many detrimental effects
such as nausea, vomiting, headache, short-term
memory loss, confusion, fatigue, loss of appetite,
irritability, muscle weakness, spasms or cramps,
seizures, decreased consciousness or coma that
may be harmful especially during cold water im-
mersion. The observed decrease of chloride levels
is connected with the decline of sodium. We also
found a non-significant decrease of potassium lev-
els as reported by ROUGIER and BABIN (1975)
who found a slight hypokaliemia after the 1500 m
crawl – swimming, or (DOBREV et al. 1969) de-
scribed very low serum potassium levels in ath-
letes having swum 30,000 m.

Renal function tests

Winter swimming was connected with a down-
ward tendency in urea levels which is consistent
with previous findings. SIEMS et al. (1999) de-
scribed a decrease in uric acid to nearly half of the
initial value after a single, controlled winter swim-
ming session. The aforementioned effect was not
explained just by increased uric acid excretion into
urine and SIEMS et al. (1999) hypothesized that
this may result from oxidative stress connected
with hypothermic conditions. However, one day
after exposure, uric acid levels returned to normal,
supporting the hypothesis of the single, short term
negative cold water immersion mechanism. We

did not observe a substantial decrease in uric acid
levels, nor other renal parameters. This can be ex-
plained by activation of anti-oxidative stress
mechanisms such as higher initial reduced glu-
tathione (GSH) or superoxide dismutase (SOD) as
described by SIEMS et al. (1999) against repetitive
moderate cold induced stress during winter swim-
ming.

Liver function tests

We found no significant changes in plasma en-
zymes such as AST, ALT, GGT and LDH after
regular winter swimming. Short-term cold water
exposure (SIEMs et al. 1999) resulted in elevation
of oxidative stress together with accelerated free
radicals lipid peroxidation. It is well documented
that oxidative stress along with lipid peroxidation
may lead to mitochondrial dysfunction and result
in hepatotoxic activity (YUAN & KAPLOWITZ

2009; HAN et al. 2006). The non-significant
changes of liver enzymes subsequent to regular
winter swimmers, as presented in this study, may
indicate that short - term oxidative stress con-
nected with cold water immersion described by
(SIEMS et al. 1999) has induced a long-term adap-
tive response and improved antioxidative hepato-
protection. This is only speculative because we
have not measured antioxidative parameters.

Serum proteins, cortisol

Proteins are an important component of plasma
maintaining inner vascular pressure. They are di-
vided into numerous fractions: albumin, globulin,
fibrinogen, glycoproteins, lipoproteins and others.
Plasma proteins undergo constant renewal and
degradation. The protein concentration in the
blood depends on its supply from food, synthesis
in the liver and cells of the reticuloendothelial sys-
tem, and the degree of protein loss by the kidney,
gastrointestinal tract, skin, and lungs. The total
protein level in the blood is the sum of albumin and
globulins. Measuring the concentration of protein
in the plasma of winter swimmers may indicate the
level of resistance. In our study, an increased rate
of albumin and A/G indicator is associated with
the building up of winter swimmers’ resistance
against cold water after winter swimming. Immu-
noglobulins are a heterogeneous group of proteins
of the immune system. Immunoglobulins or im-
mune antibodies are produced by one of the white
blood cell populations, namely, B lymphocytes.
According to STOCKS et al. (2004), winter swim-
ming does not have any effects on plasma osmolal-
ity, the total level of protein in the blood serum or
electrolytes, which suggests that immersion in
cold water is associated with a shift of extracellular
fluid to the interstitial area. However, TELEGLOW
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et al. (2015) previously showed that after a break
in winter swimming, there was a decrease in the
concentration of total protein, albumin and beta-1
globulin. We found a considerable decrease in
gamma globulin plasma concentration accompa-
nied by a fall in IgG. As reported by (GLEESON et al.
2000) who investigated changes in salivary IgA
and IgM during 1 year among Antarctic winter ex-
peditioners, salivary IgA and IgM decreased in the
first 4 months of observation and after that, in-
creased to maximal values. These results were not
connected with the amplified incidence of infec-
tions and did not support the hypothesis of cold -
induced immunosuppression. (CASTELLANI et al.
2002a) supported the thesis that moderate cold ex-
posure has no effect on the innate component of
the immune system. Cold exposure causes the acti-
vation of the sympathetic nervous system de-
scribed by increased plasma norepinephrine
concentrations and alpha-adrenergic peripheral
vasoconstriction.

JANSKY et al. (1996) showed that repeated cold
water immersions did not influence IgG, IgA and
or IgM production in humans. On the other hand,
the cold pressor test as an acute cold stress in-
creases both salivary volume and sIgA concentra-
tion accompanying cardiovascular responses
mediated predominantly by á – adrenergic recep-
tors (WILLEMSEN et al. 1998). It is widely recog-
nized that IgA, because of its dominance in the
immune system, is the first line of defense against
harmful environmental factors. In our study, we
found a slight increase in IgA after winter swim-
ming and HSV IgM (cause unknown), a slight de-
crease in gammma globulin including IgG, á – 2
globulin which is associated with acquired resis-
tance in winter swimmers. Epidemiological data
presented by BRENKE (1990) indicate a 40% de-
crease in respiratory tract infections due to regular
cold water swimming.

Serum cortisol, a stress induced hormone, can
modulate immune response by suppressing and
controlling inflammation with glucocorticoid re-
ceptor expression on lymhocyte cells. The data
concerning cold - related changes in cortisol secre-
tion are equivocal (WILKERSON et al. 1974;
FRANK et al. 1997; MARINO et al. 1998; GAGNON

et al. 2014). This is probably due to a non - objec-
tive testing methodology. The level of serum corti-
sol can be affected by numerous factors such as
time of day, sleep deprivation, etc. (CASTELLANI

et al. 2002b). We found no differences in plasma
cortisol concentrations in our study.

Despite the wide use of low temperatures in
many aspects of life, the data concerning long -
term cold water swimming are subject to limited
research. The present findings indicate several
positive adaptive mechanisms to regular cold wa-
ter immersion. A further survey concerning anti-

oxidant capacity and hormone regulation following
low-temperature exposition is needed.

Acknowledgments

The authors would like to thank the winter swim-
mers from the Krakow Walrus Club “Kaloryfer” –
“The Heater”.

References

BAILEY D.M., ERITH S.J., GRIFFIN P.J. 2007. Influence of
cold – water immersion on indices of muscle damage follow-
ing prolonged intermittent shuttle running. J. Sports Sci. 25:
1163-1170.

BRENKE R. 1990. Winter-swimming: an extreme form of
body hardening Therapeuticon. 4: 466-472.

CASTELLANI J.W., BRENNER I.K., RHIND S.G. 2002a. Cold
exposure human immune responses and intracellular cyto-
kine expression. Med. Sci. Sports Exerc. 34: 2013-20.

CASTELLANI J.W., YOUNG A.J., STULZ D.A., DEGROOT
D.W., BLANCHARD L.A., STAAB J.E., SAWKA M.N. 2002b.
Pituitary-adrenal and pituitary-thyroid hormone responses
during exercise-cold exposure after 7 days of exhaustive
exercise. Aviat. Space Env. Med. 73: 544-550.

DOBREV D., STEFANOVA D., GEORGIEV C., BOITSCHEV K.
1969. Veräderungen des Gasaustausches und der bio-
chemischenblut und harnzusammensetzung von teilneh-
mern am marathonschwimmenüber 30 km. Med. Sport. 9:
276-279

DUGUE B., LEPPANENN E. 2000. Adaptation related to cytoki-
nes in man: Effects of regular swimming in ice-cold water.
Clin. Physiol. 20: 114-121.

FRANK S.M., HIGGINS M.S., FLEISHER L.A., SITZMANN J.V.,
RAFF H., BRESLOW M.J. 1997. Adrenergic, respiratory, and
cardiovascular effects of core cooling in humans. Am. J.
Phys. 272: R557-562.

GAGNON D., GAGNON S., RINTAMÄKI H., TÖRMÄKANGAS
T., PUUKKA K., HERZIG K., KYRÖLÄINE H. 2014. The ef-
fects of cold exposure on leukocytes, hormones and cytoki-
nes during acute exercise in humans. PLoS ONE 9: e110774.

GLEESON M., FRANCIS J.L., LUGG D.J., CLANCY R.L.,
AYTON J.M., REYNOLDS J.A., MCCONNELL C.A. 2000.
One year in Antarctica: mucosal immunity at three Austra-
lian stations. Immunol. Cell Biol. 78: 616-622.

GOODALL S., HOWATSON G. 2008. The effects of multiple
cold water immersions on indices of muscle damage. J. Sport
Sci. Med. 7: 235-241.

HAN D., HANAWA N., SABERI B., KAPLOWITZ N. 2006.
Mechanisms of liver injury. III. Role of glutathione redox
status in liver injury. Am. J. Physiol. Gastrointest. Liver
Physiol. 291: G1-7.

HUTTUNEN P., KOKKO L., YLIJUKURI V. 2004. Winter swim-
ming improves general well – being. Int. J. Circumpolar
Health. 63: 140-144.

JANSKÝ L., POSPIŠILOVÁ D., HONZOVÁ S., ULIÈNÝ B.,
ŠRÁMEK P., ZEMAN V., KAMINKOVÁ J. 1996. Immune sys-
tem of cold – exposed and cold – adapted humans. Eur. J.
Appl. Physiol. Occup. Physiol. 72: 445-450.

KOLETTIS T.M., KOLETTIS M.T. 2003. Winter swimming:
healthy or hazardous? Evidence and hypotheses. Med. Hy-
poth. 61: 654-656.

Changes in Biochemical Properties of the Blood in Winter Swimmers 289



MARINO F., SOCKLER J. M., FRY J. M. 1998. Thermoregula-
tory, metabolic and sympathoadrenal responses to repeated
brief exposure to cold. Scand. J. Clin. Lab. Invest. 58:
537-545.

MARTINEAU L., JACOBS I. 1988. Muscle glycogen utilization
during shivering thermogenesis in humans. J. Appl. Physiol.
(Bethesda, Md.: 1985) 65: 2046-2050.

NIEDOSZYTKO P., ZIELINSKA D., SKOCZKOWSKA M.,
MICHAJ£OWSKA M., TOMASZEWSKI J., KUSIAK-KACZ-
MAREK M., GIERAT-HAPONIUK K., SYCZEWSKA I.,
ZAJT-KWIATKOWSKA J., BAKU£A S. 2009. Cardiovascular
risk factors, exercise capacity and personality traits in the
group of „Gdañskie Morsy”– (”winter swimmers”) – early
results. Cardioprofil 1: 47-48.

ROUGIER G., BABIN J.P. 1975. A blood and urine study of
heavy muscular work on ureic and uric metabolism in man. J.
Sports Med. 15: 212-222.

SIEMS W.G., BRENKE R., SOMMERBURG O., GRUNE T. 1999.
Improved antioxidative protection in winter swimmers.
Quart. J. Med. 92:193-198.

SIEMS W.G., VAN KUIJK F.J., BRENKE R. 1994. Uric acid and
glutathione levels during short-term whole body cold expo-
sure. Free Racid. Biol. Med. 16: 299-305.

STOCKS J.M., PATTERSON M.J., HYDE D.E., JENKINS A.B.,
MITTLEMAN K.D., TAYLOR N.A. 2004. Cold – water accli-
mation does not modify whole – body fluid regulation during
subsequent cold – water immersion. Eur. J. Appl. Physiol.
92: 56-61.

TELEG£ÓW A., D¥BROWSKI Z., MARCHEWKA A., TYKA A.,
KRAWCZYK M., G£ODZIK J., SZYGU£A Z., MLECZKO E.,
BILSI J., TYKA A., TABAROWSKI Z., CZEPIEL J., FI-
LAR-MIERZWA K. 2014. The influence of winter swimming
on the rheological properties of blood. Clin. Hemorheol. Mi-
crocirc. 57: 119-127.

TELEG£ÓW A., MARCHEWKA J., TABAROWSKI Z., REMBI-
ASZ K., G£ODZIK J., ŒCIS£OWSKA CZARNECKA A.
2015. Comparison of selected morphological, rheological
and biochemical parameters of winter swimmers’ blood at
the end of one Winter swimming season and at the beginning
of another. Folia Biol. (Kraków) 63: 221-228.

TIPTON M., BRADFORD C. 2014. Moving in extreme environ-
ments: open water swimming in cold and warm water. Ex-
trem. Physiol. Med. 3: 1.

WILKERSON J.E., RAVEN P.B., BOLDUAN N.W., HORVATH
S.M. 1974. Adaptations in man’s adrenal function in re-
sponse to acute cold stress. J. Appl. Physiol. 36: 183-189.

WILLEMSEN G., RING C., CAROLL D., EVANS P., CLOW A.
HUCKLEBRIDGE F. 1998. Secretory immunoglobulin A and
cardiovascular reactions to mental arithmetic and cold pres-
sor. Psychophys. 35: 252-259.

YUAN L., KAPLOWITZ N. 2009. Glutathione in liver diseases
and hepatotoxicity. Mol. Aspects Med. 30: 29-41.

ZEMAN V. 2005. Physical activity in a cool environment.
Med. Sport. 9: 225-234.

¯EBROWSKA A., POKORA I. 2005. The influence of immer-
sion in water on heart rate variability and physiological reac-
tions in the conditions of intense exercise. Progr. Av. Med. 2:
21-26.

A. TELEG£ÓW et al.290



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


