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method in detection of early skeletal and bones changes from vibro-occupational character. Sci exploration of
skeleton of hands and elbows in occupationaly exposed tunnel workers can be classified as important but jet
not enough explored methods because its dynamics enables solid, early information of osteogenesis as well as
general and local methabolizm.The Sci advantages as diagnostic method is in minimal radiation dose and
reproducibility despite its specificity. It is necessary that the verification of skeletal changes for HAVS in occu-
pationally exposed workers is conducted in the frame of complex of diagnostic criteria (history, clinical. radiolog-
ical, biochemical) with its obligatory correlation to ecological parameters in work environment, technical char-
acteristics of hand vibratory machines and physical characteristics of vibrations they produce.
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UEn

MHOry MeTanu ce eceHuujanHn 3a YOBEKOT KOra Tue Ce MPUCYTHU BO OPraHn3MOT BO T.H. HOPMAriH1 KOHUGH-
Tpauun. Bo BALIOK TWe UCTU CyncTaHyu ce 0TPOBHU. VICTO Taka, 1 XpOHU4HA NoAONroTPAjHU eKCno3uuuu, dypu
¥ Ha CPeAMHA CO HUCKA COAPXXMUHA HA HEKOW eNeMeHTH, MoXe a foBeae A0 Cepro3Hi edekTn Ha 34paBsjeTo.
TOKCM4YHOCTA HA TEWKWUTE MeTanu Npyu HeCOOABETEH TPETMAH Ha TOKCUKAaLMjaTa co TelKKn MeTanu Moxe Aa
[osefe 10 3HauYMTenHa MopougHOCT n MopTanuTeT. Bo 0BOj Tpy/d ce NpUKaxaHu pa3fninyHn MeToamn 3a onpe-
LEAYBaHe Ha HEKOM TeLiKU MEeTanv (HUKen, XpoM, MaHraH 1 KobanT) BO KPBEH CEPYM U ypuHa CO NputieHa Ha
eneKTpoTEpPMMYKaTa aToMCKa ancopnuuoHa cnekTpomeTpuja (ETAAC).

MATEPUJAN U METOQU

MHcTpyMeHTaumja

WcnuTyBarbaTta ce N3BpLIeHU CO aTOMCKM arncopruMoHeH cnexTpometap Varian Spectra AA 6407 Zeeman AAS
onpemeH co GTA100 rpadhuTHa nedka u PSD-100 aBTocemnriep. Kako atoMnsepu ce KOpUCTEHU MUPONUTUHKA
3alWTUTEHW rPAdOUTHI LEBKM 1 LI@BKU CO LEHTPanHO ukcupada nnartdopma. lNpumeHeT e aproH Kako rac 3a
npeuncTyBarbe. ONTUMU3NPAHU CE& UHCTPYMEHTANHNWTE yCNoBM 3a paboTa co rpapurHaTa neqka 3a cexoj noe-
OVHEeYeH enemeHT.

Pearexcu v npumepoum

PaboTHUTe CTaHAapAHU PAcTBOPW Ce MOATOTBYBAaHU CO PAcTBOparbe Ha OCHOBHW pacTsopu (Mepuk). Cute
KOPUCTEHM XEeMMKanun ce CO aHanuTU4YKWM cTeneH Ha 4ductota. Bodopoa nepokcua e npousseneH BO
NabopaTopujaTa 3a BUCOKOYMCTH CyncTaHuu npu YrusepsuteTtoT Bo Coduja, byrapuja, n e AONONHATENHO
NPeYncTyBaH co joHCKa n3MeHa. Hekou of ynoTpebeHnTe xemvkanuu ce UCTO Taka AOMNONHUTENHO Npe4ncTy-
BaHY.

3a Banupauuja Ha METOAMTE KOPUCTEHW Ce PasfNU{HU pedpepeHTHW cTandapAHW npumepoun of Cepym u
ypuHa. KopucTeHWoT nprbop € NpeqncTyBaH CO KOHUEHTpUpaHa asoTHa KUCenuHa v pefiectunupana soja.

MpumepounTe ce semaHu og 34pasu nuua, NPOPECUOHANHO eKCNOHWPaH paboTHALUM U NMAUMEHTN Ha XemMoa-
vjanusa.

PE3YNTATU U AUCKYCUJA

EnekTpoTepmudkarta aTtoMcka ancopruuoHa CrnekTpoMeTpuja e efiHa Of Haj4ecTo NPUMEHYBAHUTE WUHCTPY-
MEHTANHK TEXHUKM 3a ONpeaenyBarbe Ha Tparu off eNemMeHTu Bo KpBeH cepyM v ypusa. [pu oBne onpeaeny-
Bakba NpUCYTHW ce ABA FMAaBHW MPUCTanu: NpervMMUHapHa cenapauuja u NpeTKoHUeHTpauuja ui 4UpeKTHoO
BOBeAyBar-e Ha MPUMEPOKOT BO rpaduTHaTa ueska. CenapaynoHute MeToau ce AONroTpajHu a Moxe Aa
40BefaT 1 A0 KOHTaMMHALMja U CUCTEMATCKM rpelukn. 3atoa UPeKTHOTO onpejenysare UMa 3HaquTenHa
npeaHocT. MefyToa, BNMjaHMeTo Ha MaTpuyarta e orpaHudyBaqku (hakTop npu AWPeKTHWTEe onpeaenysarba.
Hekou o oBure npobnemn Moxe Aa ce HaagMWHAT Co paspeyBarbe Unv A0AaBatbe Ha Pa3/IMHHN XeMUCKU MOA-
Whnkaropu.

MpeanoxeHu ce pa3nuyH METOAMU HA TEPMUYKO Pa3noXKyBatbe Ha NpuMepouuTe. YTBPAEHO € AeKa ANPeKT-
HOTO onpeaenyesane Ha Hu co ETAAC e cKOpO HEBO3MOXHO Nopagn B1ucokata BpegHOCT Ha ancopnuyujara Ha
®hoHoT. 3aToa e npeAnoxeHo foaasarbe Ha H202 kako MoancukaTop Ha martpuuata, KOjluTo 04 cBOja
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CTpaHa ro ONecHyBa TePMUYKOTO Pa3noXyBarbe Ha NPOTEeUHNTE BO (hasaTa Ha xxaperse Ha npumepouuTe. flo
osa goara nopaau Toa wto H202 ocnoboaysa cnoboger KUCIOPOA KOjwTo ja noMara okcuaaumjata Ha npo-
TEeWHWTEe BO aToMu Co WTo ce obesbeaysa NMPONN3a Ha NpUMeEPOLUTE Of CepyM u ypuHa 6e3 octaTouM BO
rpacuTHaTa ueska. EKCNepuMeHTTe UCTO Taka NOKaXKyBaaT feKa A0AaBarbeTo Ha IMUUUH Kako Moanduka-
TOp ja Hamanysa Temneparypara Ha aTomu3auuja Ha Hu u 0Bo3MoXXyBa Heroso onpedenyearse co ETAAC npu
UCTUTE UHCTPYMEHTAasHM YCNOBU. YTBPAEHO € AeKa ONTUManHa Temnepartypa Ha xaperse e 1200 oC goaeka
Ha aToMu3auuja narecysa 2100 oC 3a cepym n 2200 ol| 3a ypuHa.

peanoxeHy ce n oNTUManHW MHCTPYMEHTANHK YCNOBW 3a onpeAenyBake Ha Ljo. Boaopoa nepokcnaoT e
npeanoXeH Kako MoanduxkaTop npu AMpekTHOTO onpegenysare Ha Co co ETAAC. Herosa npegHocT e BO
MOXXHOCTa 3a efnMMuHauuja Ha ocTaTouuTe o jarnepos KOUWTO ce hopMupaart Ha KpajoT Ha aToMuaauujara.
BaxHo e fa ce oAp>KyBa WTO € MOXXHO MOHWUCKA TeMrnepaTypa Ha atomu3atija nopaau usberHyearse Ha Hec-
neuncnyHata ancopnuuja. Kako ontuManHa TemnepaTtypa 3a aToMvu3auvja e yTepaeHa Temneparypa og 2100
°C 3a NUPONUTUHKK 3alITUTEHU rpauTHU Uesku n 2300 °C 3a rpaduTHU LEBKW CO LEHTpanHo nocTaBeHa
nnartdopma.

Mn e onpegenyBsaH co ABa BUAA Ha Kopekuuja Ha hoHOT: co aeyTepuym m co 3eemaH. HajaeHo e geka po-
AaBabEeTO Ha a30THAa KUCEeNWHA 3HaYUTesTHO ro peayumupa curHanoT Ha ¢oHoT. EdexToT Ha HNO3 e ucto
Taka 3abenexaH 1 BO 3rofieMyBarbeTo Ha TemnepaTtypaTta Ha Nuponu3a u aToMusaumja Ha npUuMepounUTe OBO3-
MOXYB&jKU KOMMNETHO COropyBam€ Ha OpraHckara MaTpvua Bo rpadpuTHaTa Leska.

3a onpepaenysareTo Ha Cr NpUMEHTU ce ABa TUNaA Ha atomusepu: rpaddUTHW UEeBKK co U 6e3 nnatgopma.
VicnutysaHu ce HeKONKy MoaudukaTopu 3a ANPEKTHO onpegenysare Ha Cr Bo cepyM v ypuxa (H202,, HNO3
i Mg(NO3)2). N 3a onpegenysarbe Ha Cr BO HUCKWM KOHLEHTPaLMM BO OpraHcka MaTpuua € BaKHo Aa ce
obesbean BUCOKA TeMnepaTypa Ha NUPOnn3a 3a 4a Ce 0BO3MOXMU LieNTIoCHa MUHepanuaayuja Ha NpUMEepoKoT.
Pesyntatute op ncnutysamarta nokaxaa aeka H202 aasa Hajgobpu pesynTtatv. YTBPAEHO € AeKa Temnepa-
TYpu Ha nuponuaa og 700 go 800 °L| gaBaat noao6pu (hopMM HA ANCOPMLIMOHUTE CUIHANM KAKO U NOHWMCKU
BPeAHOCTU Ha HecneyuduryHaTa ancopnuyuja. YTBpAEHO € aeka noaobpu pesynTtatv ce aobusaart ako ce
KopucTaT 06U4HM rpaddnTHU LiEBKU OTKOSMKY OHWE co nnatdopma.

FpaHuyaTa Ha getekuuja 3a Ni nanecysa 0,2 ur/n 3a cepyM v ypuHa, ofeKa penatusHaTta cTaHAapaHa Aesu-
jaumja (RSD) BO KoHueHTpauuoHo nogpadje Ha Ni op 0,5-2 pr/n e 10-15% 3a cepyM # 8-10 % 3a ypuHa.
paHuyaTa Ha getekuwnja 3a Co e 0,1 ur/n 3a gseTe maTpuum gogeka RSD og 5-20% BO 3aBUCHOCT 0f KOH-
ueHTpauujata Ha Co. 3a npumepoLm of cepyM cO NOHUCKA KOHUeHTpaLumja Ha Co o rpaHvuaTta Ha geTekuuja,
npeanoxeHa e MeToa Ha Te4Ho-Te4vHa ekcTpakumja. Co oBaa MeToga rpaHuuaTa Ha gevekuuja 3a onpegeny-
sarbe Ha Co e HamaneHa Ha 0,02 ur/n. MpaHuyaTta Ha aeTekuuvja 3a onpegenyBarbe Ha Mn BO cepym W ypuHa
usHecysa 0,2 i r/n co npuMeHa Ha aeyTepuymoBa kopekuuvja 1 0,1 1 r/n npu npumeHa Ha 3eeMaH-0Ba Kopek-
uuja Ha POHOT.

MNpeanoxeHWTe nocTanku ce BanMAWpaHu CO MeTOAO0T Ha CTaHAApAHW A04ATOUM M CO HMBHA MPUMeEHa 3a
onpeaenysarbe Ha WUCMUTyBaAHWUTE MeTanu BO CTaHAapAHu pedepeHTHU NpUMepour 04 CEPyM U ypuHa.
Mpukaxann ce v pesynTati o4 onpefenyBakeTO HA OBUE eNeMEeHTU BO NPUMEPOLM OF CEepPyM U ypuHa ofg

34paBu nuua, nNuua NpogecnoHanHo U3NOXEHN Ha CYNCTaHUM Ha OBUE MeTanu Kako 1 o4 NALMeHTU Ha XeMog-
vjanuaa.
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INTRODUCTION

In the right concentrations, many metals are essential to life. In excess, these same chemicals can be poison-
ous. Similarly, chronic low exposures to heavy metals can have serious health effects in the long run. Heavy
metal toxicity represents an uncommon, yet clinically significant, medical condition. If unrecognized or inappro-
priately treated, heavy metal toxicity can result in significant morbidity and mortality.

In this work methods for the determination of some heavy metals (nickel, chromium, manganese and cobalt) in
human blood serum and urine by Electrothermal atomic absorption spectrometry (ETAAS) are described.
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MATERIAL AND METHODS

instrumentation

The atomic absorption spectrometer Varian Spectra AA 640Z Zeeman AAS equipped with GTA100 graphite fur-
nace and PSD-100 autosampler was used. Pyrocoated tubes and tubes with centre fixed platforms were used
as atomizers. Argon was applied as protective gas. Graphite furnace operating parameters were optimized.

Reagents and samples

The working standard solutions were prepared by dissolving the Merck stock solutions. All used chemicals were
of analytical grade. Hydrogen peroxide produced in the Laboratory for High Purity Substances (University of
Sofia, Bulgaria) was additionally purified by ion exchange. Some of the chemicals were additionally purified by
recrystallization.

Different blood serum and urine referent standard samples were used as reference materials for method valida-
tion. All disposable devices were rigorously cleaned shortly before use by immersion in hot concentrated nitric
acid and rinsing with doubly distilled water. Serum and urine samples were obtained from presumably healthy
volunteers, dialyzing patients and occupationally exposed subjects.

RESULTS AND DISCUSSION

Electrothermal atomic absorption spectrometry is one of the most frequently used techniques among the instru-
mental methods applied for trace elements determination in blood serum and urine. Two main approaches could
be distinguished in their determination in blood serum and urine samples: preliminary separation and precon-
centration or direct sampie introduction into the graphite tube. Separation procedures are time consuming and
may introduce contamination and serious systematic errors. Therefore direct spectrometric determination is pre-
ferable. However, matrix interferences were seen as limited factor in this case. Some of those problems are over-
come by using previous sample dilution or by adding of different chemical modifiers.

Different methods for thermal decomposition of proteins are suggested. It was found that direct ETAAS meas-
urement of Ni in serum is almost impossible due to very high values of background absorption. Therefore, in the
case of nickel determination hydrogen peroxide was proposed as matrix modifier, assisting thermal decomposi-
tion of proteins during the ashing step. It might be assumed that H202 evolves free oxygen, assits oxidation and
dissociation of proteins into atoms thus ensuring virtually residue free ashing of the serum. Experiments per-
formed showed that glycine as modifier decreases the required atomization temperature for Ni and permits its
correct ETAAS determination in aqueous solutions under the same instrumental parameters. A pyrolysis temper-
ature of 1200 oC was found as optimal while 2100 oC and 2200 oC were found as optimal atomizing tempera-
tures for nickel in serum and urine, respectively.

For Co optimal instrumental parameters as well as suitable atomizer, calibration procedure and hydrogen perox-
ide as modifier are proposed for direct ETAAS determination. The advantage achieved with H202 as modifier is
the elimination of carbon residue formed at the end of the atomization cycle. It is very important to keep the atom-
ization temperature as low as possible, because a rise in the atomization temperature leads to a higher values
of nonspecific absorption: for pyrocoated tubes the optimal atomization temperature is around 2100 °C and for
tubes with centre fixed platform around 2300 °C.

Mn was determined by both deuterium and Zeeman background corrections, and it was found that the presence
of nitric acid significantly reduces background signal. The effect of HNO3 is also evident in the increasing the
pyrolysis and atomizing temperatures ensuring compete ashing of the organic matter and absence of any car-
bonaceous residue buildup inside the graphite tube.

For Cr determination two atomizers, wall and centre fixed platform, and several modifiers have been tested and
critically compared for the determination of low levels of Cr in serum. and urine samples without sample pretreat-
ment. The modifiers tested include commonly used: H202, HNO3 and Mg(NO3)2. Normally relatively high pyrol-
ysis temperatures could be used for Cr determination, so the action of the modifier in this case is to assist com-
plete matrix mineralization and removal during ashing step. In the presence of H202 the build up of carboneous
residue is also avoided and finally this modifier is selected for all further investigations. Unexpectedly with ash-
ing temperature between 700 to 800 °C better shaped absorbance signals as well as lower values of nonspecif-
ic absorption were observed. As a main conclusion wall atomization is recommended for Cr ETAAS determina-
tion in serum and urine samples.

The limits of detection for Ni is 0.2 ug/l for both serum and urine samples. Relative standard deviations (RSD) in
the concentrations of Niin the range of 0.5-2 ug/l are 10-15% for serum and 8-10 % for urine samples. The detec-
tion limit for Co is 0.1 pg/l for both matrices and RSD varied in the range 5-20% depending on the Co con-
Centration in the sample. For serum samples with Co content lower than the detection limit, separation and pre-
concentration procedure based on liquid/liquid extraction is suggested prior to determination of Co in the organ-
ic phase by ETAAS. This procedure permits determination of 0.02 pg/lt Co in serum samples with RSD in the
range 10-18 %. Limit of detection of manganese in serum and urine was 0.2 ig/l for method with deuterium cor-
rection, and 0.1 ig/l for method with Zeeman correction.
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Validity of the methods is verified by the standard addition method and by their application to standard reference
materials. Data for the concentration of these elements in serum and urine samples from presumably healthy
volunteers, occupationally exposed workers and patients on hemodialysis are given.

NOBPEAUTE HA PABOTA BO BUTOJICKOTO CTONAHCTBO
BenjaHoscku T.
3gpyXeHwe 3a 3awTura npu pabora, butona, MakegoHuja

LEN:.Cneperbe Ha noepegutTe Ha pabota no Bpeme,TexXuHa , nocneguuyun, aHanmsa M Mepku 3a
cnpedyBarbe,0TCTpaHyBatbe M Hamanysatbe Ha uctute. MATEPUJANT N METO[WN: MaTepunjanute ce [obu-
eHu oA Npeky 25 roauHaTta esmaeHumja BogeHa Bo paboTHUTE opraHu3aumy o4 cnyxouTte 3a 3awTtuta npu
paboTa, peepeHTn UnNu NULa 3a40/KEHN 3a Taa Len,a cobmpaHu Ha KpajoT Ha cekoa roavHa Bo 34py>KeHn-
eTo 3a 3aWTuUTa Npu paboTa Kaje e BpileHa aHanuTnyka obpaboTka Bo copaboTka co MHcnekumajaTa Ha Tpy-
[0T.Bo TEKOT Ha MapT v Ny anpuin HapegHaTa roguMHa Ha cobpaHue Ha 3[pyXXeHWeTO Ce UCTKHyBaHW pesyn-
TatuTe. PE3Y/ITATW: 3a oBaa npuroga ondarteH e nepvoa o4 1995 go 1999 rog. co 6poj Ha BpaboTenn 27890
Bo 1995 g0 20927 Bo 1999r04.MpeKy M3BPLIEHATE aHanuan KOHCTaTUpaHa e cnegHata nonoxoba:3a net roau-
HW Ha (DKYMHO aHanuavpaxy BpaboTenn 124414 paboTHuim ce cnyqune 3378 nospeav oa Kou 3223 nechn,
148 Tewxun nospean 1 ceayMm cMpTHKU crnydan.Bo npocek ce cny4dune 27.14d roguwHo nospean o Kou 25.08¢
necHu 1.96 o Tewwku 1 0.09 ¢ cMpTHU cnyyan.Marybennte paboTHY [EHOBU OA NECHU U TellKKn nospean(6es
cMpTHUTE crydaun) ce aswxat og 10 ao 13.5 no nospegeH paboTHUK. O N3BPLIEHUTE aHaNM3n Ha €KOHOMCKK
nnaH noBpeAnTe Ha paboTa co CMPTHUTE Cryyaun ro ToBapaT HaUMOHaNHUOT Aoxos Ha buTtona 04 0.5 4o 1.1%
roavwHo. JUCKYCWMJA:Bp3 ocHoBa Ha MefyHapoOHu HOPMU M 3aKOHCKaTa perynarusa BO 3alliTvrata Ha Tpy-
JOT NOCTOM 06BpCKa 3a eBUASHTUPALE Y Criefere Ha nospefuTe Ha paboTa.llpeky aHanuauTe u coHaHua-
jTa 3a 6pOjOT, TEXMHATA,BPEMETO U MECTOTO Ha HACTAHOT, CTAPOCTa Ha MalMHWTe, BO3pacTa Ha paboTHULUKTE
1 ApyrM bakTopu, NOTPOHO e NPeB3eMatbe Ha MEePKU U OTCTpaHyBatbe Ha HegocTaTouuTe.buteH dakTop e Aa
ce nogurHe KyntypaTa Ha paboTaTa, ynotpbara Ha HOBa TeXHOMOrvja M Hej3UHO oApXXyBarbe 3a WTo ce
NoTpebHM NOrofieMn MHBECTULMW,a CO Toa Ke ce Hamanar nospeanTe 1 Ke ce NOCTUIHE HEKONKYCTPYKO arone-
MyBaHe Ha eKOHOMCKaTa AobtuBKa.

OCCUPATIONAL INJURIES IN THE ECONOMY OF BITOLA
Veljanovski T.
Association of Occupational Safety, Bitola, Macedonia

AIM: To detect the occupational injuries, the time of their occurrence, their severity and consequences, analyse
and define the activities for their prevention and reduction. MATERIAL AND METHODS: The data were obtained
from the records of the departments of occupational safety in working organizations, collected at the end of every
year in the Association of Occupational Protection, statistically processed in cooperation with the Labor
Inspection, and presented in front of the Assembly of the association during March or April of the following year.
RESULTS: For this occasion we processed data from a 5-year period, 1995-1999. The number of employed in
Bitola’s economy in 1995 was 27830, whereas in 1999 it was 20927. In this period, out of the total of 124414
workers included in this study, in 3378 cases (27,14%. per year) occupational injuries occurred, 3223 mild
(25,08%o per year) , 148 severe (1,96%o per year) and 7 lethal (0,09%. per year). The number of lost workdays
due to mild and severe injuries varies between 10 and 13,5 per injured worker. The economic analysis shows
that occupational injuries, including the lethal ones, present a burden on Bitola’s national income of 0,5-1,1% per
year. DISCUSSION: According to international standards and legal regulations concerning labour protection,
there is an obligation for registration of occupational injuries. Analyzing the number, severity, time and place of
their occurrence, as well as the age of the machinery, age of the workers and other factors, we came to the con-
clusion that urgent actions need to be taken and the defaults need to be removed. It is important to improve work-
ers’ workplace manners and to introduce new technologies. Although this requires larger investments, it will
reduce the number of occupational injuries and provide considerable economic gain.



