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Avvapiki tou mAnQuopoy o pedio-
01d EYKATECTNPEVA OF MEPIOYEG PE
auénpévn atpooaipiki pinavon

B. Aidkog', Z. IToruConov2ou’, N. Poupmiég®

IMEPIAHWH. EpeuviiOnkav o1 emmdoeig tg atpoopaipikig
pYnavong ka1 181aitepa tou podiPSou (Pb) otn {wih twv pelio-
o10v. Aev S1amotdBnke onpavuki Siapopd otn Suvapukh tou
mnBuopoy, mv éktaon tou yévou kai oug npopifeieg, petal pe-
M0016V 110U Atay eyKATECTNPEVA OTO KEVIPO AOUKNAG MEPIOYIG Pe
au§npévn atpooaipiki pinavon Kai o€ aypouki nepioyn pe pi-
Kpn katd tekpApio atpoopaipiki pinaven. O1 upés v aépiov
pUnwv oto kévipo tng néAng ftav upniéc, aldd yapnidtepeg a-
16 ta avorata enttpentd dpia g Evpwnaikig Evwong. O1 upég
poAdBSou nou perpiOnkav oroug 161006 WV pel1codv, oto pél
ka1 T yopn, Siépepav onpavuxd pera&l wv pelooidv wv Sia-
@opeukdv opdSwv ka1 fitav euféwg avddoyeg g atpoopatpikig
punavong. Lnpavukég Siagpopés napamprifnkav enfong, otn ou-
ykévipwon tou poAiPSou otoug 101006 TV pedicodv petaly twv
OULAEKTPIOV TOV OIKIAK®Y PEMGOMY Kai Tou yévou Tou 810U pe-
M0o6100. Xty aouki HepIoyA n NEPIEKUKSTNTA TWV IGTADV TWV PE-
Mhoodv oe péruPo fitav oug npovipgeg 6ng npépag 4,05 mg/IKg
oug veoekkolamdpeveg péhiooeg 5,9 oug mapapdveg 8,8 ka1 oug
péhiooeg tou peditofaddpou 6,8. e pedioota pdprupeg mou frav e
yKateotnpéva o€ aypoukn mepioyn pe mepiopiopévn atpoc@aipIKi
pdnavon fitav oug npovipgeg 6ng npépag 1 ppm, otig veoekko-
Aamtdpeveg péhiooeg 1,9, oug mapapdveg 1,9 ka1 oug péhicoeg wou
pedrrofaddpou 0,7.

Aé&e1g eupetnpiaong: Atpoogaipikii pénavon, MéAuBdog (Pb),
Méhooeg, Auvapuxi minBuopod.

EIZATQI'H

Ta yNurd 2ATAAOLTTA TV PLOUNYOVLADY ROL LOLOITEQX
AUTAV TS ROVONE TWV CUTORWVHTOV EXOUV aEYjoeL onua-
VLR TO TEAEVTOL YOOVLA TV TOQOVOTR QUTWV OTOV 0L
TUOOPALOLRG AEQQ TV PEYOAOVTTGAE WV, YOOW 0T6 dO-
HOVG Ty E oG ¥urhopoiog, OAG ®aL oToV gVEUTEQD Y-
00 TWV TTURVORATORNUEVOV fropnyovizay Télewmv. AEoLa
onwg CO, SO,, NO,, O3 ohhd ®aw Paéa uétoria Gmmg o
usivpdog (Pb) ouyxrevipdvovian ®4Tm amd OQLOUEVES OUV-

Epeuynitikn
Originalfarticle

Population dynamics of bee
colonies located in airborne
contaminated regions

Liakos V', Polyzopoulou Z?, Roumpies N*

ABSTRACT. Effects of airborne contaminating (polluting) agents
particularly Pb, on the population dynamics and brood rearing of
bee colonies, were investigated. No significant differences were
noted in the population dynamics and foraging habits of bees,
between bee colonies located in urban areas with high levels of
environmental pollutants and those situated in rural unburdened
areas. Aerial pollutants at the City center hade high values, but they
were lower than the upper accepted limits of the European Union.
The lead (Pb) content of bee tissues, honey and pollen were found to
be proportional to the location of the bee colonies, with
significantly higher values recorded in urban areas. The same
significant differences were noted in the Pb tissue content among
foragers, domesticated bees, and larvae within the same colony. In
urban areas the Pb tissue content was 4,05 ppm in 6-day old larvae,
5,90 in newly emerged bees, 8,80 in nurse bees and 6,80 in worker
bees. On the contrary, the comparing values in rural areas were 1
ppm in 6- day old larvae, 1,90 in newly emerged bees, 1,90 in nurse
bees and 0,70 in worker bees.

Key words: Environmental pollution, Lead (Pb), Honey bees,
Population dynamics.

INTRODUCTION

Industrial by-products especially those produced by
combustion engines, have significantly increased the air
content of pollutants in areas close to metropolitan centers,
and heavily trafficked highways. When conditions are
favorable, noxious gases like CO, SO,, NO,, O; as well as
heavy metals as lead (Pb) accumulate in toxic or even life-
threatening levels (Harrison 1990; Boubel et al. 1994).
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Orineg o€ emimeda OV TEOXRAAOVY VOONQES HOTAOTATELS
og avBpwmovg xa Lia now vATm and eEaeTnég ovvon-
%EC axoOun %l 10 0dvato ®aTolrwv peyalovTtoAewy
(Harrison 1990; Boubel zaw ouv.1994).

H ntaovoio peMooudv otig Toueés peyahovmtdhemy 1
REoQ 0” QUTEC RABME KL OTIS TOQUPES DEOUMV HEYAANS
rurhoogiag, elivar Tohd ovyviy omv EAAGSa. H olbmen
ronueown amtevBelog €x0eon TmV CUAAERTOLDV UEMOTWV
oV ePaonuUévn ue QUITOUS ATUGTEPOLQO TMV UEYAAOV-
TEAEV %o 1) AWENUEVN TTapovoia nolipdov ot drato-
o) ahvoida g néhooag (Pratt and Sicorski 1982;
Liakos »a ouvv. 2002). €€ autiag g €éx0eong tov Aovhov-
duadv o puraouévn ue péhufdo atudopalpa, dMnuove-
youv mbavoig xvdivoug ot Lot tov peitoorot. H -
BAroyoagio 1 o eTLrT e TIG ETUTTOOELS TNE ATUHOTPOALQL-
®1ig pUmavong ot Prohoyio Tov peMootot eivor ol gTm-
¥ (Bromenshenk xon ovv. 1991+ Leita new ovv. 1996) .

Me 016y0 ™ OLeQETVVNON TOV EMUTTACEMV THG ATUO-
OPOLQLATG QUTTOVONS TV UEYAAOVTOAE MV Rl LOLALITEQA
ToV poAGPdov ot Lwn TV peMOOHDY %ot Tov HEMOOL0Y, &-
pevviiinxe 1 duvaunt Tov TinBuouoy, oe ouddeg ueMo-
OLDV TTOV EYRATAOTAONKAY O TEQLOYES UE OLOPOQETLXG &-
ntimedo aTpoopaprig QUmavong, ®abug xo 1 Taovoio
HOAUBOOV 0TI UEMOOES L OTA TEOIGVTOL TS RUYEANC.

YAIKA KAI MEGOAOI

L. EEEMEN Tov ®AnBuopov xar Tng €£TA0NS TOV 0QEUYL-
OULEVOV YOVOU O€ OGOES LEMOTOLOV EYRUTATTIUEVES O
TEQLOYES ILE DLPOQETIXO EMiTEDO QUTAVOT)C.

Z1g 2-4-1992 oymuatiotnray 10 opoldpuoemesc ®atd 1o
duvatd mopaguddeg Tov Tévte Thaoiwy, 0TS omoles 86-
Onxe veapn ovlevyuévn pacihooa puic Apis mellifera
macedonica, Ruttner. Metd a6 dexamévie nUEQEC, oL mta-
apuadeg eLEYY IRV WS TEOS T1 SUVOULKLGTITO TOV TTM-
Buouov raw Ty £xTaon Tov YGvou xau xmeiotnrav og dto
ouddeg A nou B towv mévie peMooldv, ®atd 1o duvats o-
podpopees. Ta pehioowa g opddog A gyrataotddnuay
OT0 WO TV ®Awvirav g Kmmviatouryic Zyxohic o amd-
otaon 500 uérpwv amd vy mhateia Anpoxrpatiog, Grrov
Boloxetan eyrateomquévog otabudg eAéyyov agpLog eu-
stovong. O xdeog eyratdotaong tov otafuot dev avra-
TOXQIVETOL ATTOMITO W QUTGY TTOU HTALY EYRATEOTNUEVAL TO!
uehioola, avTamorQivetal SUME ATGAVTO OTO YMHEO CUA-
LOYNS TEOPEY TV HEMTOMV.

Ta pehioowa g opddag B, mov yonoipnevoay we pdo-
TUQEC, EYROTAOTAONKOY O AYQOTLRY TEQLOYY] TOU GQOUC
Xoptudtg og vpopeteo 800 u naw oe amdotaor 25 mepi-
7OV YLMOUETOMV aTtd TO REVTEO TS Oecoalovivng. H me-
ooy elva amtdAuTta amariayuévn amd Propnyavies no
®ratowies xau n diéhevon tpoyopdomv eldyiom. H atuo-
opoLELXY] EUITAVOT ®aTd TERUOLO E0VOL TTOAD (uxEn

An6 g 15 - 4 - 1992 uéyor g 15 - 9 -1992, notd da-
otijpata 30 nueedv virohoyLdtay o TMOVoUSS TwV VY-
M2OV UEMOCTWV ROl LETQOUVVTAY 1) EXTOOT TOV YOVOL TV
peMootdv. O inBuouds tTmv ueMoov, vtoAoyILoTay pe

In Greece, keeping bee colonies at the outskirts of large
cities, or busy highways is a common practice. Thus,
continuous daily exposure of foraging bees to polluted air
combined with the increased Pb intake due to the airborne
contamination of flowers endanger the overall health status
of bee colonies (Pratt and Sicorski 1982; Liakos et al. 2002).
Surprisingly, very few references concerning the effects of
atmospheric pollution in bees can be retrieved from the
literature (Bromenshenk et al. 1991; Leita et al. 1996) .

The aim of this study was to investigate the effects of
airborne contaminating agents particularly Pb, on bees life
and population dynamics in bee colonies located in areas
with variable atmospheric pollution did this. The Pb content
of bees and hive products was also determined.

MATERIAL AND METHODS

1. Evaluation of the adult bee population and sealed
brood area of bee colonies located in areas with varying
airborne Pb pollution.

On April 2nd 1992 ten nuclei, similar in terms of adult
bee population strength, brood area and food stories were
prepared. All nuclei were provided with young queens
belonging to Apis mellifera macedonica race. After 15 days
nuclei were evaluated in terms of adult bee population
strength and brood area. Subsequently were divided in 2
more or less uniform groups, A and B, each consisting of 5
nuclei.

Group A bee colonies were located at the Veterinary
Faculty campus, which lies 500 m from an official air
pollution control unit. Group B colonies, served as negative
controls, were situated in a rural area of the mount Hortiatis
at 800 m altitude and at a distance of 25 Km from the city
center. This region is totally free from industrial activities
and with a very low vehicle load.

Adult bee population and brood area were determined
from 15-4-1992 to 15-9-1992 in monthly intervals. The
former was evaluated by measuring the area covered by
adult bees on the frames. It is estimated that each side of an
8 dm’ frame totally covered by bees, has approximately a
1500 bee count. In frames partially covered by bees the
extent of covered area was calculated using a transparent
film of Plexiglas sized at 26x45 cm and scored at 0.25 dm®
subunits.

Brood area was determined using a similar piece of
Plexiglas scored at 16 cm® subunits. Each subunit includes
approximately 64 cells of worker brood.

The film was spread over brood bearing frames and the
area covered by it was calculated and recorded.

An overall evaluation of the colonies adequacy or
inadequacy in supplies, such as honey and pollen was also
done.

Every time there was an increase in recorded airborne
pollutants, a thorough inspection of the colonies was done
in order to detect evidences of disease or increased
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Bdon mv €xtaom mov rataAaufdvouy oL uEMooES ETAVMD
ota mhaiowo. Ze ®dhe mheved mhawoiov €xtaong 8 dm’,
7oV RaAUmTeTaL artGAuTo atd péMooeg vitoloyieTol Gt
vdeyovv mepimov 1100 uéhooeg. Zra mhaiowa ov dev
ROAMITTTOVTOV €5 OMONANQOV 0Td UEMOOES VTTOAOYLEGTOV 1]
€ntaon g ralvupévng xnonboag ue ™ porideia dudpa-
¢ Cehartivag mov €gepe vtodioupéoels twv 0,25 dm’.

H éxtaom tov yévou petpovviay pe m forjfeia piihov
duapavng Cehartivag dootdoewy 26x45 cm, 1) omoia €ge-
o€ vtodiapéoelg Tmv 16 cm?2. Ze vdOe vrodiailpeon me-
oLExovTaL TEQITOU 64 »eld eQyaTnoy yévov. To iAo
tomofetovvtay endvm o ta Thaiowd ue To Yovo, ue-
TQOUVTOV RO RATAYQOQPGTAY 1] EXTOON TOV YOVOU.

IMapatneovvtay emiong Rl ROTAYQAPOVTAV 1) ETTAQ-
AELOL T AVETTAQRELD TEOUNOELDY 08 PEM %o YOO,

KdOe popd tov oto otafud PETENONG ATOOQPALOLRGY
QUTIMV SLTILOTAVOVTOY CWENUEVOL UTTOoL, O VITEGOVVOS YIa!
TLS UETETOELS VITAAMNAOC pog evnuépmve xon eEetdlovray
T pehiooa yra mhoavi ToQovoio LEMOOMV e CUUTTTO-
uortoL oedAvong | aduvauia stejong, #abadg xau 1 mbovi
ToEovoia Bavdtwv oTig eVijAreg HEAOOES ®OL TO YOVO.
Tértoleg eEeTdoeLs Eyvay oTig TaQaxrdTw NueQounvies 7,
8, 15 nau 28 Ampihiov, 4-9 Mdaiov, 4 vou 11 Tovviov, 5 xou
28 Iovhiov xau 4, 8 now 9 Avyovotov.

I1. Aedopéva aToopoLguxiis QUIaveng

Ta entimedo TV ATROCPALOIRADY QUTMV, ®ATA TV TTE-
{000 ToV TELPaNATIONOY EMPONTOY 0Tt6 To oTaOUGS Y-
TONONG A€QLOS EUITOVONG, TOL Tupatog TTpootaciog Ie-
otparhovrog Tov Ymovpyeiov Maxedoviag - ©odxng mou
frav  eyrateomuévo omv IThatela  Anpoxrpatiog
(Touloumi 1992).

O petonoels yia tovg a€povs pimovg SO,, CO, Nox,
YIVOVTOY [E AUTEUOTA NAERTQOVIRG GQYAVO CUVEY 0TS AEL-
TOVQYIOG, TOV RATEYQAPOV OUVEYDS TLS TLUES Rat EOLvay
rafnueowvd wolaiovg xou 24mMEoug HEGOUS GEOUG.

To tov ®amve row 10 OMxd amEoUUEVO COUATLL
(TSP) oL petprjoeig yivovtay ue nULouToUaTe 6Qyava Og
24moen Pdaon. O HeTENOELS YLOL TOV RATTVO YivovToy ®rabn-
uepwvd, eva yua ta TSP o 1 tpelg popég v efdoudda.

O uéhvpdog TEoadLOELLSTAVY e aTomnt| amroeEEpno
a7t ta ovhheyoueva TSP.

II1. Metprioers poAvpdov atigc péMaaeg, To YGVO ®aL TIg
mEou0ELES TOV VIO TOUQUTI|OOT) LEMTTLOV

a) MeBodoloyia Ajyme detyudtawv

EMjgpbnoav amd to pehioowo e xdbe opuddag ta o~
paxdtm delypoto o Tov TAnBuous, T YEVO %o TS TQO-
unBelec:

MéMooeg a6 To peMTTo0dAAU0. ZUAAERTOLES ROl OL-
naxéc péMooec nuxiog peyoriteone tov 12 nueoav.

MéhMooeg amté to yovobdhapo. Méhaoes toopoi nht-
nilog 4-12 nuepdv.

T'évog nhxiog 9 nuepav. ITpoviugpes 6ng nuépag wetd
TO OQPEAYLOUA TOV REMDV.

mortality rates among adult bees and brood. Such
inspections were performed on April 7, 8, 15, 28, May 4,9,
June 4 and 11, July 28 and August 4,8 and 9.

I1. Area pollution data

Data on airborne contaminants during the trial period
were retrieved from the locally government control station
situated at the city center (Touloumi 1992).

Contaminants such as CO,, CO, NO, were constantly
monitored electronically and their average values were
recorded in a 1 hour and 24 hours basis.

Smoke and total suspended particles (TSP) were
recoded semi automatically throughout the day.

Average values were issued every day for smoke and 2-3
times per week for TSP’s. The Pb content of TSP’s was
determined by atomic absorption spectrophotometry.

I11. Pb determination in adult bees, brood and bee
colony supplies

a. Sample collection

The following samples were collected from each colony
of both trial groups:

Adult bees from the honey chamber. Foragers and
domestic honeybees 12 or more days old.

Adult bees from the brood chamber. Nurse bees 4 to12
-days old.

Brood 9- days old. Larvae- 6 days old, immediately after
cells capping.

Brood 21- days old. Newly immerged bees, at the time
of cell opening.

Honey. Sealed honey.

Pollen. Comb stored pollen.

b. Pb determination

Honey and pollen was analyzed without any prior
processing. Bees and larvae were dried overnight at 85°C
and subsequently pulverized. A portion of 5g from each
honey and pollen and 1,5 g from each bees and larvae
sample was weighted and were wet — digested in 15 ml of a
mixture containing nitric, perchloric and sulfuric acid at
2:2:1 proportions. Pb was subsequently determined by flame
atomic absorption spectrophotometry, using a Perkin-
Elmer A Analyst spectrophotometer model 100%, according
to a procedure recommended by the European Community
(Direction General de L’ Agriculture, 1667/VI /82).
Accuracy of the analytical procedure was checked on a
weekly basis, using laboratory aqueus working standard
solutions containing 0, 1, 2, 5, and 10 mg/LPb, respectively.

Statistical analysis

Data were subjected to analysis of variance (ANOVA)
and Duncans test, according to standard procedures (SPSS,
version 8) to determine significance of difference between
groups means using a 5% probability. The homogeneity of
variance was tested according to Bartlett’ s criterion. In
order to compare lead concentration’s between groups t test
was used.
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Mivaxag 1. EEEMEN tov tinBuopnod twv peMooay ard 15-4 péxot 15-9-1992

Table 1. Evolution of adult bees population

I\ 6vopds pehMoody o€ yhdadeg pelooav / Average population in thousands of bees

15-4-92 15-5-92 17-6-92 17-7-92 15-8-92 15-9-92
a/o MehMorov Opddo Opdoa Opdoa Ondda Ondda Ondoa
No of colonies Group Group Group Group Group Group

A B A B A B A B A B A B

1 8,6 9,5 18,0 22,0 30,2 324 32,7 33,6 20,7 17,5 224 17,6
2 10,2 10,7 19,5 23,0 28,7 332 315 32,8 21,2 16,4 232 16,2
3 11,0 8,8 21,3 18,7 29,5 29,8 32,6 30,4 19,4 18,8 21,8 17,8
4 9,3 11,2 19,3 22,3 31,6 34,0 34,3 35,2 23,2 18,1 25,2 18,7
5 11,4 10,3 212 19,2 30,5 31,3 33,8 34,5 22.3 16,4 24,7 16,7
X 10,1+1,2 10,1+0,9 19,814 21,019 30,1=1,0 32,1%x1,0 33,0+1,0 333+1,8 21,314 174+1,0 23,414 17,4+0,9

I'évog niriog 21 nuepdv. Neogurohamtduevee péio-
0€C 07O 0TAOL0 TS dLAVOLENE TOV ®eEMOY.

Mg 0peayLouévo.

IMion amwoOnrevpévn oe xnorjbosec.

B) MeBodoloyia avdivons detyudtav

Ta delypata pehot wan yoong avahiovray xmolic xa-
wd tponyovuevn eeEepyaotio. Ta delyuata twv ueho-
oV ra Twv TEOVUUQGY Enpaivovtav og xAhifavo (85°C)
%o axohovBovoe 1 xoviomoinoy Tovg. And »dbe delypa
pelot xow yoong Aaupavotay toodmra S g vo ot ®abe
delypo ueMoowy ror yévou 1,5 g, mov vrofarrdtoy og v-
vorj éym pe 15 ml uiyparog oE€wv viTeLrov, viteeyhmwotL-
%00 o Oeurov, ue avaloyio 2:2:1. Ztn cuvéyeia ndbe
delyua vtoallotay ot eLdLrY] RATEQYAOTX, YLC VO KO-
LovONoEL 0 TEOTILOQLOUGS TNE OVYXREVTEMONG TOU HOAY-
Boov pe ™ PorBela PAOUATOPMTEUETOOV ATOMKIIE OITTOQ-
6o (Perkin Elmer mod 430), obugova ue m nébodo
mov opitetar and mv Evpwnairy “Evmon (Direction
General de I’ Agriculture,1667/V1/82). H axpifeio g a-
vohutrng ue0Gdov eheyydtav pe T xoron otabeedv £-
yoomolaxmv dicdhupdtwov o septelyav 0, 1, 2, 5 o 10
mg/L Pb avtiotoya.

Lranoter avdivon

T v extipnon twv dtapoedv uetagl twv ouddmv
xonowpomomdnxe N uéBodog e avdluong Tmv daxvudy-
oewv (ANOVA) xaw M o éheyyoc Duncan, odupwva pe
otafepn uebodoroyia (SPSS, €éxdoon 8), oe enimedo on-
povtromrog 5%. Tua tov €heyyo g OHoLoYEVELAS TmV
dlanupdvoemv xonotwomofnxe to ®pLTroLo tov Bartlett.
Tt 0UY®ELON TV CUYREVTOMOEMY TOV LOAUBOOU peta-
E¥ tov opddmv yonorpomomnxre o ELeyyog g t ®oTovo-
ung (t-test).

AIIOTEAEXMATA

H eEEMEN tov TnBuouoy ®o ™g EXTOONS TOV YEVoU
uéxol to pfva Iotvio 1frav puotohoywrrj xaw otig d6o opd-
deg TV peEMOoLV. Agv oo EON®ay onuovTirég Oua-

RESULTS

Adult bee’s population and brood’ s area growth until
June was normal, and no significant changes were observed
among trial groups or individual bee colonies of the same
group (tables 1 and 2). Brood’s area and adult bee’s
population growth, as well as pollen supplies were greater
in group B colonies during June. No significant differences
were noted among groups in July. A decrease in both adult
bees’ population and brood’s area was noted in August,
being particularly marked in group B (tables 1 and 2).

All group A bee colonies had adequate supplies
throughout the study period. Group B colonies were
oversupplied in pollen during May and June due to the
blooming of chestnut trees of a nearby forest. The same
group was depleted in supplies (initially honey and
subsequently pollen) because of a complete absence of
blooming in the region at that time.

According to the criteria used for their evaluation aerial
contaminants at the city center had the following
fluctuations.

a. Smoke concentrations were lower than the upper
accepted limits of the European Union.

b. SO, had much bigger values although they were
within normal limits.

¢. 210 NO, mapatnontnxe oproxn vréopaon (2,37%)
TOV 980V EXATOCTNUOEIOV TV WLV TV TOV £TOVS EVHD
T AANOL RQLTHOLE TTOWY Y AUNAGTEQA TV OQTWV.

d. CO values were significantly lower than the upper
normal limits issued by PERPA.

e. TSP concentrations were significantly higher than
those recommended by the European Union.

f. Pb concentrations were acceptable, with only one
instance of excess being recorded (table 3).

Sings of toxicity or any other abnormalities were not
seen in any group A bee colonies, even during the periods
of increased airborne contaminants.
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IMivaxag 2. EEEMEN g Extaons Tov opoaylopévon yovov amrtd 15-4 péyot 15-9-1992

Table 2. Evolution of sealed brood area

“Extaon ogooyiopévov yévov oe dm’/ Brood area in dm’

15-4-92 15-5-92 17-6-92 17-7-92 15-8-92 15-9-92
o/0. Mehorov Opdoa Opdoa Opdoa Ondda Ondda Ondda
No of colonies Group Group Group Group Group
A B A B A B A B A B A B
1 26,7 29,8 53,7 59,5 49,2 55,5 30,6 26,8 328 23,5 35,5 28,0
2 32,3 31,5 60,2 63,4 53,5 59,4 33,0 30,8 35,7 24,5 39,3 30,3
3 34,0 324 64,3 62,7 58,0 56,3 314 275 322 22,0 32,8 275
4 30,8 31,0 60,4 68,6 52,5 63,6 37,8 36,5 38,6 26,0 43,2 33,5
5 314 28,3 59,5 60,2 53,8 57,8 324 28.7 35,8 24,3 39,5 28,3
X 31,4%0,9 30,615 59,6%3,8 62,9%3,6 53,4+3,1 58,5+32 33,0+£2,8 30,0£3,9 35,025 24,014 30,0x4 29,5+24

POQES 0UTe peTaly Twv ouddwv ovte peTaEl Twv ueho-
oL g dag opddag (tivarag 1). Tov Iotvio ota uehio-
oo ™g ouddac B mapatnoiOnxe peyaliteon ovdmtugn
™G EXTAONS TOV YEVOU %ot TOU TANOVOUOY, 2aBdg oL ue-
yahitepn ToodmTa amofnrevpévig yoons. Ztn uétenon
mov €ywve tov Iovho dev dromotdbnure onuaveixy diago-
04 eTa0 Twv 8o opddwv. Tov Avyovoto damotdonxe
e lwon Tov T BUoUOT %o TOV YGVOU, 1) OTTO0L TTOY ONUaL-
vimd peyohuteen oty oudda B (ivaxeg 1 zow 2).

Zta pelooto g opddog A vioye o° 6hn ™ Sudorela
TOV TTELQOUATIONOV ETTAQ®EL O UEML ®OL YUON. ZTaL [LE-
Moowa g opuddag B, ot eEetdoeig mov €ywvay to Mdwo
»at tov Iotvio veye vrepagovia yoong Aoyw g av-
Bogoplog Tov opaxeiievou dAooVE atd AOTOVLES. AVTi-
BgT0, oty (OLae opdda tov Iovhio xan tov AGyovoTo oo~
™monOnre EMAenm aQyrd o€ LEM RO OTN CUVEYELOL OF YU-
on €€ autiog g movtehotc EMerymg avBopoplog oty me-
QLo

O tipéc v aépumv pimtmv, oty IMhatelo Anpoxpa-
TEOLS, CUUPVOL UE TOL XOLTHOLOL TTOU Y OVOLUOTTOLOVVTOL YLOL
™MV aELOAGYNOT] TOVG, TAQOVGTOTOV TV TOQARATM ELRG-
vau:

a) O nomvdg vupdvinure og younAd eminedo cuyrQLTL-
%d ue ug optoxég tuéc me E.E.

) To SO, av »ou dev Eemépaoe TIC 0QLAKRES TWES TS
E.E., »opdvOnne yevird og vymid entimeda.

v) Zto NO, mapatnennxe ograxy| véppaon (2,37%)
Tov 980V £XATOOTNUOEIOV TMV MELAIMV TGV TOV £TOVG, &-
VA oL GANOL ®OLTHOLOL TAY Y AUNASTEQX TV OQTWV.

9) 210 CO oL TEG fjtav onpavtird XAuUNAGTEQES TV
opLardv Ty mov €0eoe o ITEPITA.

€) Zta oMk AwEOTUEVA CMUATIOLOL OL TLUES Ty ON-
povtrd vymidteec artd tig optaxés Tués e E.E.

01) O tpég Tov Pb Nray oyetnd younhés now pio pué-
vo NuéEa 0° 6Ao To YEAGVo ToaTNEYON®E VITEPPOoN TOV O-

The Pb content of adult bees and brood was significantly
different between the two groups and proportional to the
level of contamination in the relevant regions (table 4).

Among the samples of the same group there were
considerable differences between brood and adult bees, as
well as between forager and nurse bees samples.

Both group A and B bees of brood chamber had the
higher Pb content. On the contrary, the lowest Pb values
were seen in group A 6 day-old larvae and in group B
foragers. Samples collected on different dates also hade
variable Pb content.

The Pb concentration of honey and pollen samples was
also proportional to the level of airborne contamination in
the relevant sampling areas (table 5).

DISCUSSION

The uniform growth of all bee colonies, regardless of
their location means that the recorded concentrations of
airborne contaminants had not effects on their life. Values of
the latter were generally within the recommended by the
European Union reference range. In addition, absence of
toxicity signs in group A bee colonies; even during periods
of increased airborne pollution (i.e. 2,06 pg /m* Pb) is an
indication that bees are generally resistant in these
situations.

The differences in adult bee population and brood area
growth rates that were seen in group B bee colonies during
the summer months should be attributed to the initial
period of flower abundance which was followed by their
depletion later on.

Pb concentrations in all groups A samples were very
higher than the relevant of group B, a fact undoubtedly
caused by airborne contamination. Despite this overall bee
colony health status remained unaffected.

Similar relations ship between air contamination Pb
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Iivaxag 3. Tiwég ovyrEVIQmOong asoLmy QUImy 08 pg/m’ 010 ®EVIQO TS TOMG ®oTd To £T0g 1992.

Eidog gvmov Korijote  aEloddynong Twég mov Oguoxég Tipég
ueTeOnrav E.E.

Kaomvog Aldpeoog €tovg 49 80
Al e o0og XEWNDVOL 43 130
980€%ATOOTNUOQLO NUEQTOLMV TLUMV €TOVG 138 250

SO, Aldueoog €tovg 58 80
ALGUEOOG XELUMVOL 72 180
980€%ATOOTNUOQLO NUEQTOUMV TLUMV £TOVG 185 350

NO, 980€1ATOOTNUOQLO NUEQTOUMV TLUMV £TOVG 209 200

OMnd umEovpevo copoTiolo ApBuntndg uéoog
NUEQNOLMV TLUMV ETOVS 262 150
980&1ATOOTNUOQLO NUEQY UMV TLUMDV £TOVG 480 300

CcO AoBummindg nécog xuhopévmy 8/dowv 33 15%*

Pb AoBummindg HEGOg NUEQNOLMV TLUHDY ETOVG 0,79 2

** Twég ITEPTTA

Table 3. Concentration values of aerial pollutants in ug/m3 at the city center

Kind of pollutant Evaluation criteria Recorded Limiting values of

values European Union

Smoke Median annual value 49 80
Median winter value 43 130
98th percentage of daily annual values 138 250

SO, Median annual value 58 80
Median winter value 72 180
98th percentage of daily annual values 185 350

NO, 98th percentage of daily annual values 209 200

TSP Arithmetic mean of daily annual values 262 150
98th percentage of daily annual values 480 300

CcO Arithmetic mean of successive 8-h time intervals 3,3 15

Pb Arithmetic mean of daily annual values 0,79 2

olov twv 2 pg/m’ (ivaxag 3).

e vavéva oo To pelioowo g opddag A dev apa-
mMENONRAY VERQEC UWEMOOECS 1] LEMOOES HE CUUTTAOUATO
odAvong, aduvauic TTiong 1) GAAO CUUITTTHOUATA TTOU VO,
VITOIMADVOUV TOEIRMOT, OTLS TTAQATNOYOELS TTOV EYLVOVY TLS
NUEQES TOV RATAYQAPNRAV QTS TO OTAOUS OYETLRA VY-
Aot purtot.

O Tég oVYrEVTEMONG LOATROOV OTOVE LOTOUS TV €-
VAAMR@V UEMOTDY %Ol TOV YEVOU SLEPEQAY ONUOVTURG, PE-
TaED TV derypdTmv Twv 890 opuddmy xat frav evbEng a-
VAAOYEGS E TNV ATUOOPALOLXY] ETLPEQUVON TG ®dOe Te-
oLoxNs (mivaxag 4).

Zra delyparta mg (duag opddag magatneritnxray aglo-
onuelmtee dSooEEs neTaEl Tmv deLyUdTmV TOU YEVOoU ®a
TOV EVIIMROV UEMOODV, ®aBKS raL peToEV TV dragope-
g ratnyopioag pelooav. OLvynidtepes TLES LOAD-
Bdov petprtnray xal otig 060 opddeg oTig UEMOOES TG
yovogpmhds. Ou xaunhdtees otny opdda A oTiLg TEOVIU-
@eg Nhxiog 6 MUeEHYV, evad oty opdda B otig oulExToLeS.

values in bee and honey samples was recorded in another
study conducted throughout Greece (Liakos et al. 2002). In
their studies Pratt and Sikorski (1982) mention that bees
foraging roadside flowers, nearby a highway, were found to
contain Pb concentrations twenty times higher than those
in bees from a hive sited 850 m from the road.

Increasing airborne contamination leads to a similar and
proportional change to bee tissues. To them introduction
of Pb is accomplished via the alimentary tract (conta-
minated food) and through their body surface by direct
exposure to atmospheric pollutions. The high Pb concen-
trations found in 6-day old larvae and newly emerged bees of
group A bee colonies, which protected from external
harmful substances, should be attributed to the ingestion of
contaminated food. Detected Pb concentrations concerned
their tissues only, and not their alimentary tract content. In
these bee evolutionary stages the alimentary tract is empty
due to the connection between the middle and the caudal
intestinal sections and the expulsion of their contents.
Another observation in favor of this speculation is the
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IMivaxag 4. Atote Aéoparta PETEOEWV LOAIPIOV 0€ HEMOTOES KAl YOVO QTG TTEQLOYES [E DLAPOQETIHG EMIMEDO ATUOOPALQIRNG QUTAVONG

Ioootnre poAvpoov oe mg/Kg wov dumiothOnxe o€ deiynata

ITeguoyn Huegounvia IHgovupgav Eviijbxov peloodv dragpogetiniis nhixiag
£YRATACTAONG deLypatoinyiog 61 Nuégag Neoexxolamropeveg Iogapdveg arxd TvhhéntorLeg amo
TOV REMOOLOV péMooeg ™ Yovogmird 0 peMrofdiapo
Khuvinég 10-7-92 2,8 5,3 11 7,2
Kmviatounig 9-9-92 4,05 5,9 8.8 6,8
Syohig 23-9-92 2,9 39 11 9,0
IMepuoyr 10-7-92 0,9 1,7 1,8 0,7
Xogptud 9-9-92 1,1 1,9 2.0 0,9
23-9-92 1,0 1,9 1,9 0,6

Table 4. Pb detected in adult bees and brood samples from regions with different air pollution

Pb in mg/Kg detected in samples of

Region of Date of Larvae Adult bees
bee colonies samples 6-days old Newly emerged Nurses from Foragers from
location collection bees brood chamber honey Chamber
Veterinary 10-7-92 2.8 5.3 11 1.2
faculty 9-9-92 4,05 5,9 8,8 6,8
campus 23-9-92 2.9 3,9 11 9,0
Mount 10-7-92 0,9 1,7 1,8 0,7
Hortiatis 9-9-92 1,1 1,9 2.0 0,9
23-9-92 1,0 1,9 1,9 0,6

IMivaxag 5. [Toodmra porifdov oe mg/Kg mov diamotwibnxe oe delypara LeAod now yHong TeQLOYMV LE SLAPOQETIXT ATUOTMALQLXY

oumavon).
Khvizég Ktnviatouig Xyohig Iegroyn Xogtidtn

AoBudg Pb oe mg/Kg mtov AgiBuog Pb oe mg/Kg mov

Mehoorov dLamotHOnxe o€ peEMTOLOV oLamoTOdn®e o€
Mén I'ogn Mén I'ion

1 1:32 0,39 1 0,73 0,12

2 1,29 0,37 2 0,68 0,9

3 1,28 0,36 3 0,70 0,9

4 1,33 0,39 4 0,69 0,9

5 1,28 0,35 5 0,72 0,11

X 1,30+0,02 0,372+0,02 0,70%0,02 0,10+0,01

Avapoég mapatnondnray exiong xou petaEl v deLy-
UATWV TT0V CUALEXONROAY O OLOPOQETIRES NUEQOUNVIES.

O 006 TES TOU HOABBOOU TTOV peTr|Bnray ota dely-
uortor ueMoU o YOone OLEpeay emiong onpovtrd petaEo
TV 80 opuddwv xat Nray evBEmS avANOYES E THV ATUO-
opaLowt] eTLPAEUVON TS ®dOE TEQLOYTS, ATt TNV OToln
wdeOnrav ta delynata (mivaxrag 5 ).

increased Pb content of nurse bees which stay inside the
hive consuming large quantities of food to produce royal
jelly, unlike forager bees which are exposed to environ-
mental pollution but ingest smaller quantities of food.

In group B forager bees had a lower Pb content than this
of 6-day old larvae and nurse bees, this showing that a
significant part of ingested Pb is subsequently excreted from
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Table 5. Pb detected in samples of honey and pollen from regions with different air pollution.

Veterinary Faculty campus Mound Hortiatis
No of Pb in mg/Kg detected in No of Pb in mg/Kg detected in
colonies samples of colonies samples of
Honey Pollen Honey Pollen

1 1,32 0,39 1 0,73 0,12
2 1,29 0,37 2 0,68 0,9
3 1,28 0,36 3 0,70 0,9
4 1,33 0,39 4 0,69 0,9
5 1,28 0,35 5 0,72 0,11

1,30 0,37 0,72 0,10
YYZHTHXIH their bodies.

H ouotdpoen mepimov avdmmuin GAwv Tmv HeMooLav,
aveEAQTTA QTS TNV TEQLOYN] EYRATAOTUONS TOVS, (POLVE-
Q@VEL GTL Y TAUQOVOL QUMY OTHV ATUSCPALQCL, OTIS TLUES
7OV HETENOMHOY ®OTd TV TTEE{0DO TOV TTELQAUATLONOT, OEV
emneed et T Lonj Tov peootoy. Ot tuég tmv gimmy 1oy,
YLOL TOUC TTEQLOTAGTEQOVS OTTG CUTOVG, YAUNASTEQES TNG O-
olaxnic Tuig mov oplotnue amd v Evpmmainy "Evoon
(E.E.). H arovoia Sumg omolaodimote avouahiog oto ue-
Moowo g opddag A, 0Tig NUEQES TOU UETEY ONRAY VYNAG-
TEQECS TES QUTI™V, Smtwg ta 2,06 pg/m’* polipdov, pave-
QWVEL OTL oL LEMOOES TLBOVATATO AVTEXOVY OE ETLPaQUV-
oeLg peyalitepes Twv oplmv mov ogiotxrav artd v E.E.
O drapoég ot avdrTuEn Tov TAnBuopoy xoL Tov yévou
710V TTOLEOTNEN ONrav ota pedioowa g opddog B, oto Oud-
omua Iovviov - Avyototov, tpémnel va amodobovv oty
avBogopia g ®raoTavids Tov ddcovs Tov XoeTidt Tov
Tovvio xou oty avteh EALelym avBopoLdy otV TTE-
QLOYY| OTN CUVEYELL.

O #0Td TOAD VYNAGTEQES TIES LOABBOOY, TTOU dLawTL-
otnray 0° Gha o delypota TV HEMOOMV %at TOV YO6-
vou TG ouddag A og oEon pe ovtdv g opddag B, ogei-
Aovtar avaugiBoia oy oTHOCPOLOLXY] QUTTAVOY. TG TL-
uéc Sumg wov dramotdnre o uShvpdog, paivetan Gt dev
€xeL vapd enimTwon ovte oty eEEMEN Tov Yovou ovte
oV VYElOL TOV UEMOOGV.

ZuyreVIQMoELS LOATBOOV 0TO OHUA TV UEMTODY RoL
oto uéh og Tuég evBEmg avdloyeg e QUTES TS ATUO-
OPALQUE OLATTLOTAON ROV ROl OF TQONYOUUEVY EQEVVA UOG
(Liakos »aw ovv. 2002) og aveMijvia xAiuaxe. Opolog ou
Pratt nou Sikorski (1982) avagépouvv 6t iEMOoES TOU OV-
véleyay arté Aovhovdia dimtha oTov cuTorRvNTGOQO0UO, TTE-
oLelyav uéhupdo o€ Tpég elrooL PoEEg VYPNASTEQES QTS
QUTEC ATtd TIC UEMOOES RUYEANC TTOV TAY EYROTECTNUEV
850 pérpa paroLd omd to dEAEuo.

H av&nom mg plmavong g atpudogarpag odnyel oe a-
vahoyn aiEnom tov poAipOov 0Toug LOTOUE TV HEAMTTMV.
H eicodo¢ tov poAipdov 010 odua twv pueMoodv yivetat
a7t TV TTETUXRT 000 UE TNV RATAVAAWOT) QUITAOUEVIV TQO-
@AV, TOAVOV RaL 0TI TV ETTLQPAVELD TOV OOUATOS UE TNV

The findings of this study suggest that Pb is capable of
accumulating in bee tissues via their food chain. Similar
observations were made Leita and coworkers (1996), who
found increased Pb concentrations in bee tissues but not
their body surface. A further speculation in agreement with
this is made by Garcia — Fernandez and coworkers (1995)
that found significantly greater Pb values in the tissues of
birds feeding on insects than those consuming other kinds
of food. M
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artevBetag énbeon otovg atpoopalprots pvmovs. H ma-
QOVOTO VYNADY TV LOATBOOV OTIE TTEOVIUPES O6T)C NUE-
QUG %OLL OTLS VEOEXROAATTTOUEVES HEMOOES TG ouddag A,
mov dev extiBevion amevBelog OtV ATUOCPOLELRY QUTTCLV-
on, TEEmeL Vo arodoBel oty ®aTOVAMMON QUITAOUEVNS
too@iic. H moodmta pdhota tov poripdov mov diame-
otHinre 0" AVTES, APoEOVOE UGVO TOVS LOTOUS ®aL YL TO
EVTEQLRO TTEQLEYOUEVO. ZTIC TTOOVUUPES ONG NMUEQAS, OTTWC
AL OTLG VEOERROMATTTOUEVES UWEMOOES, O TETURGC OWAY-
vag elval xevag emeldr] oy nhrio avti €xeL aorata-
otafel 1] ouvdeon tov PO EVIEQOV UE TO OTIoOLO o €xEL
awoPAnOet Gho to meQLESUEVO TOV TTETTLROY OwArva. H
POV ETTIONG ONUAVTIRA VYNASTEQWV TLHV HOATBOOV
OTIC TARAUAVES HEMOOEG, oL oTtoieg Oev eEEpyovTon amd
™V RUPEMY, RATAVAADVOUY SUME UEYEAES TOOGTNTES TQO-
@i YL Y oeaywyn Pacthxot toltol, and 6,1 oTLg
OUMLERTQLEGS, TTOV ElvVOL EXTEDELUEVES OTNY ATUOCPOLOLLT]
Umavon aAhd roTAVAADVOUY TTOM ULRQOTEQES TTOOGTH-
TEC TOOPNS, ETLREPALDVEL AUTH] THY ATTOYN).

H stagovoio porhipdov ot culiéntoles néooec, g
ouddag TV NAQTIQWYV, OE TLUES IKQOTEQES OUTMV TWV
TEOVUUPAV 61 NUEQOS #aL VITOIUTAGOLES QUTHV TTOV dLat-
TOTHONHRAV OTLS TAQAUAVES, PAVEQWVEL OTL ONUAVTLXRY
TOOGTNTA TOV ELOEQYSUEVOU UECM TNG TOOPLRNS cAvoidag
HoAGRdoV, ot ouvEyELa amoPdALETOL .

A6 TS TOQOITAVM TOQATNONOELS YIVETOL (aveQd GTL
0 uShupdog da e TEOPLS alvaldag eLoéQyeToL ®aL
CUOOMEEVETAL OTOVS LOTOVS TV HeMTowmv. Me v droym
vt ovppvoty o evprjpata tg Leita now ovv. (1996),
oL 07otoL SLaTTloTWoOY ONUOVTKES TTOOGTTES LoAUPdOU
OTOVE LOTOUE HEMOTMV, GYL SIS KOL OTNY ETULPAVELD TOU
owpatdg tovg. Ty dmoyn avty oteilovy Euueca wat to
gvprjuata tov Garcia-Fernandez xou ouv.(1995), ou omot-
ot dramtioTwoay onuavTLRa PEYUADTEQES TTOOGTNTES WOAD-
Bdov oToug TOEEYXVUATLROTVE LOTOVS EVIOUOPEYMV TOV-
MV aTtd 6,TL 0€ (n EVIOUOpaya. a
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