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CHANGES in the QUANTITY of HEAVY METALS in the HAEM OLYMPH of
WORKER BEES FED MICRO-ELEMENT CONTAMINATED SUGAR
SOLUTION
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Abstract: The study was initiated by making 6 colonies {geitO-frame Dadan Blatt bee-hives) equal by the
method of analogues. The bees in the control g(8umlonies) were fed sugar solution without hemsatal
additives, while those in the experimental grougd®nies) were fed sugar solution containing JaBgPb,
1,5 ppm Cd, 2,0 ppm Cu, 50,0 ppm Zn, 80,0 ppm Be) ppm Mn, 20,0 ppm Co. At the end of the
experimental period (after the end of feeding) haelgmph samples were taken. After feeding the baés w
sugar solution contaminated with Pb, Cd, Cu, Zn, Mo and Fe the quantity of all of these elementhé
haemolymph of workers increased. The greatesep&age changes occurred in the levels of Mn, CdRind
(respectively 21,7 , 17,7 and 8,0 times higher tih@ncontrol group). However, Cd was among theelgs

in lowest concentration in the food. On the basithese results, the authors think that the hapmuoth of
bees shows promise for biomonitoring heavy metathé environment (as an accumulative indicator).
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Ozet: Bu calsma birbirine gitlenmis Dadant tipi 6 koloni tizerinde yapilgtr. Bu kolonilerin 3'i
kontrol olup g&ir metaller eklenmedegeker solusyonu ile, deneme grubunda ise 3 kolofife
ppm Pb, 1,5 ppm Cd, 2,0 ppm Cu, 50,0 Zn, (0,0 pn20,0 ppm Mn, 20,0 Co icerapsker
solusyonu verilmitir. Deneme sonucunda (besleme bittikten sonrégrarikan drnekleri alinmtir.
icinde Pb, Cd, Cu, Zn, Mn, ve Fe icersker solusyonlari ile besleme yapilagi iarilarin kaninda
bu elementlerin miktarinda aytgorilmistir. Yuzde olarak en biuyuk gigiklik kontrol grubuna
gore sirasiyla Mn, Cd, Pb, 21, 7, 17, ve 8,0 kdmdazla gérulmgtir. Cd aslinda besinde en az
konsantrasyonda olan elementler arasindadir. Buctanma dayanarak yazar, cevreg@e anetallerin
seviyesinin belirlenmesindezia metallerin arillarin kaninda sirekli birikimingbzlenmesinin bir
gOsterge olabile@ni 6nermektedir.

Anahtar Kelimeler: Bal arilari, &r metaller, hemolimfgseker solusyonu, biyolojik gosterge

INTRODUCTION that: 1) the same species occurs throughout Europe,
Russia, the Middle East and Africa, 2) the wideaaot
activity for the worker bee (up to 2 —3 km awaynfrthe
apiary), 3) close contact of the bees with theaunding
environment, 4) sensitivity of bees to toxic substs,

and 5) the possible use of bee products as ind&céo
environmental pollution (Bromenshek, 1986; Ravetto

Presently, many countries are considering the udse o
honeybees to monitor environmental pollution. Those
substances that potentially could be monitoredhia t
environment by honeybees include heavy metals,
pesticides, and radioactive substances. What nthkes
honeybee an attractive species for use as a bigtands
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al., 1988; Billalovet al, 1992; Makarowet al, 1995; group. The haemolymph samples were analyzed for Pb,
Porrini et al, 2003; Stark, 2003). This last point is Cd, Cu, Zn, Fe, Mn, Co content. The analyses was
important because bees and bee products can beasised carried out in the laboratory for Physico-chemical
accumulative (determine the chemical substancesanalysis of products with animal origin at the Natl
accumulated in them) and reactive (determine tfecef Diagnostic and Scientific Research Institute of
of contaminators on brood, adult individuals, honey Veterinary Medicine, Sofia. The samples were
productivity) indicators (Billalowet al 1992). mineralized at 45& 30°C in a muffle furnace until they

According to data presented by Grigoryan (19702197 became a greyish-white ash (Bulgarian State Stendar
honeybee haemolymph, being an internal mediumnis a 11708/1987). The ash was diluted in 1n HCI and
unstable system, which reflects the dynamics odlvit analyzed via an atomic absorption spectrophotometer
processes during the organism’s different age gerim  (Perkin Elmer 3030) in an acetylene — air flariae

that respect, the blood of bees reacts quick|ya[ious obtained results were Statistica”y processed hlyin'e
external influences and thus is a suitable biokiggntity ~ computer methods and the mean values for each group
for determining environmental pollution. (Hg/ml) and the mean error were determined (x + Sx).

The objectiveof this study was to find out the changes in
the quantity of the following elements Pb, Cd, @u, RESULTS AND DISCUSSION

Mn, Co, Fe in the haemolymph of worker bees fediwit |, yhe haemolymph of bees taken from the controligr
sugar solution contaminated with known amounts of Fe (30,75t 6,15ug/ml), Zn (9,38 1,88pg/ml), and Mn
those micro-elements. (2,41 0,48 pug/ml) were in high concentrations (Table
1). Those results correspond to the findings of
MATERIAL AND METHODS Goloskokov & Pimenov (1972). In contrast, the eont

The study was carried out at the Training and of Cd (0,06+ 0,01ug/ml) and Pb (0,1% 0,04pg/ml) in
Experimental Apiary of the department of Animal the blood of bees from the control group was |olhis
Husbandry for non-ruminants and other animals atconfirms that these elements do not normally cosepri
Trakia University, Stara Zagora during 1999. an integral part of the haemolymph (Shoven, 1953;

Two groups were formed: a control group with 3 bee Taranov, 1968; Tyshtenko, 1976, 1986).

colonies and an experimental one with 3 colonids6A [N the haemolymph of worker bees from the
colonies made equal by the method of analogues— th experimental group, Fe (80,4611,72ug/ml) occurred
guantity of honey in bee nests, strength (quawnfityees in highest concentration and Cd (0,970,29 pg/ml) in

in bee nests), the quantity of capped worker braod lowest concentration (Table 1). In addition, a
the age of queens. Additionally, pollen combs were comparatively high quantity of the elements Zn arml M
removed from all colonies. was recorded (46,7% 19,56 ug/ml and 21,29+ 5,39

Each colony was fed sugar solution (50%) for 15sday Hg/ml respectively).

(4 liters per colony), which was the duration ok th

experiment. Thde sugar SOIUSO” fed to thde experialent Tapje 1. Content of micro-elements in the haemolymph
group contained 1,5 ppm Pb, 1,5 ppm Cd, 2,0 ppm Cu, f ker b mi

50,0 ppm Zn, 80,0 ppm Fe, 20,0 ppm Co, and 20,0 ppne orker beesyg/mi)
Mn where as that fed to the control group did neteh

these additional elements. The doses of the micro- Groups
elements for this study were determined on theshzfsa Elements Control* Experimental**
prior study conducted under laboratory conditions i x*+ S x + S
small cells (Jeliazkovat al, 2001). Those doses showed Pb 0,17+ 0,04 1,35 0,21
no negative effect on the vital activity of the ker bees cd 0,06+ 0,01 0,07 029
or queen.

At the end of the experimental period, after fegdin cu 2472049 1213
stopped, about 100 worker bees were taken outdf ea Zn 9,38+ 188 46,7%: 19,56
bee colony (3 samples of bees from the control grou Mn 0,98+ 0,19 21,2% 5,39
and 3 samples of bees from the experimental one) in Co 1,86+ 0,37 8,35 3,37
order to take haemolymph. From the haemolymph of Fe 30,75+ 6,15 80,46 11,72

100 bees from each colony a collective sample was,

obtained — a total of 6 collective samples, 3 freath - fed with pure sugar solution (with no a )

** - fed with sugar solution contaminated with Ry,
Cu. Zn. Mn. Co. F
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The comparative analysis of the data about the nbofe  increased. The elements that are deposited atrdategt

the studied elements in the haemolymph of workesbe percentage increase in the blood of bees are Mandd
from the experimental and control group shows highe Pb — from 8 to 21,7 times more compared to the
values in bees fed with contaminated sugar solufite haemolymph of bees that have been given pure sugar
relative increase in the studied heavy metals i@ th solution (with no additives). Thus the use of
experimental group compared to the control group:wa haemolymph of worker bees looks very promising for
Mn — 21,7 times, Cd — 17,7 times, Pb — 8 times, Zr9-  bio-monitoring environmental heavy metal polluti¢as
times, Co — 4,5 times, Cu — 3 times and Fe — #édi an accumulative indicator).

Therefore, the elements Mn, Cd and Pb are deposited
the highest relative extent in the blood of beess @hata
confirm and supplement the results from anothedystu R_EFERENCES

of ours (Jeliazkovat al, 2002). There it was also found Billalov F.S., B.l. Kolupaev, Yu.S. Kotov, S.S.

that Cd, Mn and Pb are accumulated at the highest Muharamova, LA. Srebneva, 1992, Bee products
degree in the body of bees (whole bees) fed witaisu and environmental contraRchelovodstvol2, 4-
solution contaminated with heavy metals. Howeirr, 6 o -

the earlier study a greater percentage increaserrecc ~ Bromenshek J., 1986, Bees as indicators of pofiLitio

in Cd and a lower percentage increase occurredrin M environmentGleanings in bee culturd,14, 1, 19
(respectively 38,0 and 12,9 times). According tdada Goloskokov V.G., K. Pimenov, 1972, Metabolism of
presented by Grigoryan (1970, 1972) in the haemplym ~ microelements in beeBchelovodstvol2, 35.

of bee larvae suffering from European foulbrood tret ~~ Grigoryan G., 1970, Microelements in the haemolymph
received with their feed MnS@2 mg/l), the number of ~ of beesPchelovodstvo3, 38.

haemocytes increased. This is a prerequisite forGrigoryan G., 1972, Parameters of the haemolymph of
enhancing the resistance of the honeybee, andsitiha larvae Pchelovodstvol, 39.

effect on the phagocytosis activity of cells. Hsu Yuan, Chia Wel“, 1993, The ultra-structure and

formation of iron granules in the honeybdié
mellifera), Journal Exp. Biology180, 1 — 13.

Jeliazkova 1.,M. Marinova, V. Peneva, 2001, Honey
bees and their products as bioindicators of
environmental pollution.I. Study on mineral
content of body of bee-workers received
different doses of microelements with their food,
Animal scienceXXXVIII, 6, 37 — 40.

Jeliazkova I.M. Marinova, K. Gurgulova, 2002Honey
bees and their products as bio-indicators of
environmental pollutionlIl. Influence of sub-

The low degree of deposition of Fe and Cu in the
haemolymph (respectively 2,6 and 3 times more than
control group) that has been established in thegote
study confirms the results published in earlier kvor
(Goloskokov & Pimenov 1972; Raet al 1992; Hsu
Yuan & Chia Welli 1993; Makarovet al 1995;
Jeliazkovaet al 2002). According to those reports,
these elements are accumulated in the body pdhsrra
than haemolymph (in the chest muscles and in the
trophocytes immediately under the hypoderm of the

abdomen).- feeding of bee families with microelements
haemolymph of worker bees (as an internal medium of elements in bee organismAnimal science
the bee organism) is affected by the bee’s diethis XXXIX, 4 -5, 154 — 157.
regard we think that the haemolymph can be used for\jakarov YU.I., T.L. Cheriatnikova, I.N. Mishin, T.N.
biomonitoring as an accumulative indicator of Prizova, 1995, An ecological analysis of the
important elements which are to be used as indisai@ and of the beehive productsXXXIV-th
Mn, Cd, Pb, Zn and Co. International Apicultural CongressLausanne,
Switzerland, Apimondia Publishing House,
CONCLUSIONS Bucharest — Romania, 64 — 65.

Porrini C., P. Medrzycki, L. Bortolotti, A.G. Sabaiti S.
Girotti, S. Ghini, F. Grillenzoni, E. Gattavecchia,
G. Celli, 2003, Honeybees as bio-indicators of the
environmental pollution XXXVIII-th Apimondia
International Apicultural CongressLjubljana,
Slovenia, Final Programme and Book of
Abstracts, 424.

From the studied of the microelements Pb, Cd, Gu, Z
Mn, Co, and Fe ingested in the diet of worker bées,
highest absolute content accumulated was Fe in the
haemolymph of bees and the lowest Cd and Pb.
However, after feeding bees with sugar solution
contaminated with Pb, Cd, Cu, Zn, Mn, Co and Fe the
quantity of all of these elements in the haemolymph
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