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Studies conducted among adults professionally eepts heavy metals suggest a negative impact airielb
Cd on heart rate variability (HRV) while the resudi®iong children regarding background exposure & le
consistent. Measurement of Pb and Cd in hair wafoqmeed in 56 children (12-13 year old) using X-ray
spectrophotometry. HRV was assessed using 5-mirrdiegs through a standardized protocol. Multiple
linear regressions were performed. Median hair kradl cadmium levels were 2,58/g (interquartile range
(IQR): 1,06-5,25) and 0,029/g (IQR: 0,0005-0,11), respectively. Child hair Plol &d were associated with
high frequency (HF) (b = -0.26 and b = -0.33, p.85), while Cd with low frequency (LF) (b = -0.36,9
0.006). Results of the present study suggest thdtdad cadmium exposure during childhood influghied/.
Keywords:lead, cadmium, children, heart rate variabilitytcgomic nervous system.

INTRODUCTION

Numerous toxic pollutants, such as heavy metalsgoeleased into the environment
as a result of anthropogenic transformation ofd@heironment may present a hazard to
human health. Anthropogenic sources of these mitalisde industrial emissions, fossil
fuel burning, waste incineration, consumer produatel mining and smelting wastes [1-
4]. Human exposure to cadmium and lead is primaailgesult of inhalation of metal
particles in air, ingestion of contaminated foodddnking water, or in children ingestion
as a result of hand-to-mouth behavior [3-4]. Measwants of these substances in various
tissues and body fluids are used to provide biosrarkof human exposure to
environmental pollutants. In particular, trace edatanalysis of human hair is considered
as an indicator of long-term human body burdenikanblood, which reflects only the
immediate effects of environmental exposure and amet necessarily reflect the current
organism burden, because it undergoes homeostatthanisms which instantly balance
the concentration of elements [5-6].

Numerous epidemiological studies suggest negatiyeact of lead and cadmium
exposure on cardiovascular risk factors such asdblpressure (BP) and heart rate
variability (HRV) [7-14]. The letter reflects caedi autonomic regulation. Studies of
combined background exposure to various metalsniagtinfluence mechanisms of cardiac
regulation and produce adverse health effects emerglly lacking. Thus the present study
considers the interrelationship of Pb and Cd tathiate variability in 12-13 year old children
with no occupational exposure to metals.
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MATERIALS AND METHODS

Hair samples were collected from 12-13 year oldenaid female children (n=56)
from Simferopol (Ukraine), who had never been oatigmally exposed to metals. All of
them were comparable in health, hygiene and ligmgditions. Written informed consent
was obtained from a parent of each participantreeftclusion in the study. Hair samples
were cut from the nape of the neck as close tcstladp as possible and the Pb and Cd
measurements were performed by X-ray spectrophdtgrfielvaX-Med) method.

HRV spectral indices were derived from 5-minute ordings by three-lead
electrocardiography (Cardio, Ukraine) in supineiti@as. Only normal-to-normal (NN)
beat intervals were used in the analysis. Frequdooyain parameters included: very low
frequency (VLF,<0.04 Hz), low frequency (LF, 0.04-0.15 Hz), higleduency (HF,
0.15-0.4 Hz), total power (TR0.4 Hz), LF/HF ratio, LF norm (LF/LF + HF), and HF
norm (HF/LF + HF) were measured.

Statistical methodsBecause of the skewed distribution of most of theasored
parameters, the results are presented as medianraage. The Spearman’s rank
correlation f, P) was calculated for associations between eachhef measured
parameters. Multiple linear regression was usedatoulate the interrelationship of the
parameters considered possible explanatory vasatild respect to heart rate variability
parameters.

RESULTS AND DISCUSSION

Table 1 shows data for measured HRV parametersratals concentrations in hair
in the study population. Mean age was 12.6+ 0.4syand the group was composed of 29
girls (52%) and 27 boys (48%). The results showed the mean concentration of lead
and cadmium in hair of children, aged 12-13 yeamss 5.35+1.12 and 1.33+0.3®/g,
respectively, with no significant differences betweboys and girls (p > 0.05). The mean
content of cadmium and lead in hair of the analyrelividuals was comparable to the
data obtained in inhabitants of a non-industridizggricultural regions [15] and fell
within the normal range of concentrations of thismgent in hair, i.e. below 3.0 and
5.0 nug/g respectively.

But when comparing these results with other litgmatdata concerning element
concentrations in hair of children living in otheegions of Ukraine, the mean
concentrations of discussed elements establishdtisnstudy seem to be higher than
values published [16].

HRV spectral parameters are presented in Tabledladirwere similar in girls and
boys (p > 0.05).

More information about elements’ relationships &N parameters can be derived
from correlations. There was no significant cottietafor Pb and Cd in hair. For Cd there
was no significant correlation between any of tiRHparameters investigated (Table 2).
For hair lead, a significant negative correlaticasviound with LF and HF (-0.56<r<-0.59,
p < 0.0001).
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Table 1
Descriptive data for the HRV parameters and hair Pband Cd concentration
measured in 12-13 year old children

Percentile
5th 25th 50th 75th 95th
Parameter MeartSD (median)
Pb,ug/g 5.35+1.12 0.34 1.06 2.59 5.25 224

3
Cd, ug/g 1.33+0.35 0.0001]  0.0005 0.02 0.1] 7.49
TP, MS 4970.85t832.74] 89500 184800 370750 7157.00 8082
VLF,m& | 1573.25+14393] 40000 77550 130000 197150 @80D.
LF, m& 2755.48+237.87] 16400 110800 278250 3850.00 6331
HF,m& | 32524327205 34000 135000 330000 497900 .@200

A

LF/HF 0.93+0.09 0.43 0.62 0.77 131 1.85
LFn, % 45.54+2.33 30.0 38.00 43.5( 57.00 65.00
HFN, % 54.50+2.33 35.00 43.00 56.50 62.00 70.00

HRV: heart rate variability; Pb: lead; Cd: cadmiuf®: total power; VLF: very low
frequency; LF: low frequency; HF: high frequency-r: low frequency, normalized
value; HFn; high frequency, normalized value.

Table 2
Correlations between heavy metals and HRV indexes ichildren
Pb Cd TP | VLF LF HF LFHF | LFn HFn
Pb 1 -0.10| -0.12| -0.16 -0.56*** | -0.59*** | -0.16 | -0.17 | 0.17
Cd | -0.10 1 -0.06| 0.03 0.03 0.01 0.08 0.07 -0.08

HRV: heart rate variability; Pb: lead; Cd: cadmiuf®: total power; VLF: very low
frequency; LF: low frequency; HF: high frequency-r: low frequency, normalized
value; HFn; high frequency, normalized value;

*** n < 0.0001

Another finding of this study is the negative ctation observed between lead and
cadmium in hair for HF (b = -0.26 and b = -0.335 9.05), which is a specific index of
parasympathetic activity [17] and a negative catreh of Cd and LF (b = -0.36, p =
0.006), which reflects the baroreflex function [1&)espite the fact that these two
correlations seem to be contradicting, they mayesgthat cadmium appears to show a
double mode of interaction with lead and the wawffects the HRV. These results
corroborated those reported in other studies fdmiam [19]. In other words, biologically
controlled Pb and Cd concentrations became oubofrol (or an opposite direction) on
metal overload, thus, abolishing (or makes randobserved primary effect, that might
suggest an autonomic dysfunction in children witthHevels of these metals.
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In the present study, we did not observe signifi@ssociations between Pb and
parameters representing parasympathetic activitycdntrast, we observed significant
associations with HRV parameters representing dvEiRV, which includes variations
due to sympathetic (LF) and parasympathetic (HEyiac Thus our results do not allow
us to draw a definitive conclusion about a dirgopact of lead and cadmium on the
sympathetic activity. However, a possible influemfecadmium on this branch of the
ANS must be considered. Furthermore, a decreaseeirall HRV parameters could be the
result of impairment in the baroreflex function, el can increase the cardiac
sympathetic tone [20].

CONCLUSION

Most of the examined individuals had from 0.34 1255g/g lead and from 0.001 to
0.11pg/g cadmium in their hair.

Regarding the hair Cd and Pb levels of all studibddren, no impaired cardiac
autonomic activity was observed. But revealed datigns suggest that cadmium and lead
present potential health risks to children whoexposed at even low levels. Therefore, it
is important to monitor Cd and Pb exposure of ¢hitdnot only to recognize acute health
risks due to these heavy metals, but also to ijeaiid to avoid their exposure as early as
possible.
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TeiMuenko C.JI. MexaHH3MBbI PeryJsiiiuy AesiTeIbHOCTH CepAua M TOKCHYHbIe J1eMeHTHhI (CBHHeH M
kaamuii) / CJI. Teimuenko // VYuensle 3amucki TaBpHYECKOrO HALMOHAJIBHOTO YHHBEPCHTETA
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Uccnenosanus sddexroB cunua (Pb)u xagmus (Cd) B yciaoBusx npohecCHOHAIBHOTO BO3ACHCTBHS Cpeau
B3POCJIOr0 HACEJICHUS CBUIETEIBCTBYIOT O 3HAUMTEIBHOM OTPHIATEILHOM BO3JICHCTBUY JaHHBIX METAJIOB Ha
BapuabebpHOCTh cepaeuroro putMa (BCP), B Toske BpeMst pe3yIbTaThl MOAO0OHBIX HCCIIEIOBAHMI CPEIH AeTeH
B ycioBHsAX (POHOBO# 3Kkcro3unmu BecbMa ManouncieHusl. Cpenaue 3nauenus Pbu Cd B Bonocax 56 nereit
(12-13 ner) meromoM peHTrencrnekrpodoromMerpun coctaBuwid 2,59 MKr/r (MHTEPKBAPTHIBHBIA pa3max
(VKP): 1,06-5,25)u 0,02 mxr/r (UKP: 0,0005-0,11)coorsercrBerHo. Perucrpanuio BCP mpoBoawmm
HCTIONB3Ysl 5 MHHYTHBIC 3aliCH [0 CTaHIAPTU3MPOBAaHHOMY IIPOTOKOJY. Pe3ynbTaThl MHOKECTBEHHOI
perpeccHr BBISBWIIM HaM4YMEe KOPPESIMOHHBIX CBs3eil Mexnay coxepxanueM Pb u Cd B Bonocax u
BBICOKOYACTOTHOW cocraBisitoiieid cnekrpa: HF (b = -0.26u b = -0.33, p < 0.05)u HeraruBHOi
KoppessuuoHHoi cBsi3u st Cd u HuskodacToTHOI cocrasmsitoweii: LF (b = -0.36, p = 0.006Re3ynbrarst
HACTOSILET0 MCCIIEA0BaHMS MO3BOJIIOT IIPEAIOI0KHUTD, YTO SKCIIO3ULUS JAHHBIMU METaJIAMH CIIOCOOCTBYET
usmeHenuo BCP.

Knrouesvie cnosa: cuHel, KaaMuii, BapuaOeIbHOCTb CEPIEYHOrO PUTMA, NETH, BEr€TaTHBHAs HEpaBHas
cucrema.
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Tumuenko C.JI. MexaHizmu peryasinii cepueBoi JisiJIbHOCTI i TOKCHYHI eleMenTH (CBHHeUb i Kaamiii) /
C.JI. Tumuenko // Bueni 3anmucku TaBpificbKoro HarioHaapHOTo yHiBepcutery im. B.I. BepHaacekoro. Cepist
»biosoris, ximig”, — 2013. —T. 26 (65)Ne 1. —C. 242-247.

Hocnimxennst edexris cunimio (Pb)i kaamiro (Cd) B ymoBax npodeciiiHoi aii cepeli 10pOCIOro HaceICHHS
CBiJYATh MPO 3HAYHY HEraTHBHY Jif0 JAHHX METaNiB Ha BapiabenbHicTh cepueBoro putmy (BCP), B Toii uac
pe3yabTaTH TMOAIOHHMX MOCHIIDKEHb cepel JiTed 3a yMoB (oHOBOI ekcro3uiii € HeuncienHi. Cepenni
3HayeHHs Pbi Cdy Bosocci 56 miteit (12-13pokiB) MetomoMm peHrencrnekrpodoromerpii cknamu 2,59 Mxr/r
(inrepxBapTrinpHuii pozmax (IKP): 1,06-5,25)i 0,02 mxr/r (IKP: 0,0005-0,11)gianosiguHo. Peecrpamiro BCP
NPOBOAWIIM BHKOPDUCTOBYHOYM 5 XBWIMHHI 3alHMCH [0 CTaHIAPTH30BAHOMY IPOTOKONY. Pesynbrati
MHOXHMHHOT perpecii BHSIBWIM HAsBHICTh KOpeNSIMifHMX 3B'i3kiB Mixk Bmicrom Pb i Cdy Bomocci 3
BHCOKOYACTOTHOIO CKJIanoBoto crekrpy: HF (b = -0.261 b = -0.33, p < 0.05)i, HeraTHBHOTO KOPEISILIiHHOTO
38's3ky st Cd i Hu3bkouacToTHOT ckiafoBoi: LF (b = -0.36, p = 0.006Re3ynbTaT JAHOTO JOCIIHKCHHS
JIO3BOJISIFOTH IPUITYCTUTH, IO €KCIIO3HUILis JAaHUMM MeTalaMu cipuse 3minam BCP.

Kntouosi cnoea: cBuHEnb, KaaMiii, NiTH, BapiaOeIbHICTH CEPIIEBOTO PUTMY, aBTOHOMHA HEPBOBA CHCTEMA.
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