
INTRODUCTION
Mer cury is a toxic metal com monly found in the hu man

en vi ron ment, which is re lated pri mar ily with the utili sa tion
of the ele ment in cer tain branches of in dus try. Af ter pene tra -
tion into hu man or gan ism, mer cury is ac cu mu lated in the
kid neys, brain and hair. It can cause se ri ous poi son ing and
per ma nent dam age to our or gan ism, fre quently lead ing to
death [9]. In 2010, the Joint Com mit tee of FAO/WHO for
Food Ad di tives (JECFA) es tab lished the Pro vi sional Tol er able
Weekly In take (PTWI) for in or ganic mer cury at the level of
4 µg/kg of body weight, in clud ing a maxi mum of 1.6 µg/kg
of body weight for meth ylmer cury [2]. Al though mer cury
ap pears in the en vi ron ment at de creas ing con cen tra tion, it
still re mains a no ta ble threat to hu mans. There fore, it is im -
por tant to con duct moni tor ing of the level of mer cury in
vari ous food prod ucts which are one of the pri mary sources
of mer cury in tro duced into the or gan ism via the gas tro in tes -
ti nal path way. 

Ear lier re search by these authors ad dressed the prob lem
of hu man popu la tion con tami na tion with mer cury in the as -
pect of nu tri tion hab its and life style [5]. As a con tinua tion of 
that re search cy cle, the authors ad dressed the as pect of
moni tor ing of to tal mer cury in herbal prod ucts avail able on
the mar ket [4]. Moreo ver, tak ing note of the re la tion be -
tween mer cury ac cu mu la tion in the or gan ism and ciga rette
smok ing, a study was per formed on the con tent of mer cury
in ciga rettes and in ciga rette smoke [6]. An other group of

stud ies com prised the moni tor ing of lev els of mer cury in the
kid neys of birds of prey from vari ous re gions of Po land [3].

The ob jec tive of the re search pre sented herein was the es -
ti ma tion of the con tent of to tal mer cury in teas and in
proc essed ce real prod ucts com monly avail able to the con -
sum ers. The sub ject mat ter of the re search is of par ticu lar
im por tance in the area of food safety and at the same time, it
has an ef fect on the aware ness of the popu la tion through in -
for ma tion that can be ad dressed di rectly to the con sum ers. 

MATERIALS AND METHODS
The re search ma te rial com prised sam ples of teas and

proc essed ce real prod ucts (a to tal of 161 sam ples) avail able
on the re tail mar ket. Prior to the analy ses, the sam ples tested
were ho moge nised and ground as re quired. 

Mer cury con tent in such pre pared sam ples was de ter -
mined us ing non- flame atomic spec trome try ab sorp tion
tech nique (mer cury ana lyzer AMA 254, Al tec, Czech Re -
pub lic). Dur ing the analy sis in the AMA 254, sam ples were
pre- dried in the in ter nal oven of the ana lyzer and burned in
oxy gen (99.999% pu rity). The de com po si tion prod ucts were 
fur ther car ried to an amal ga ma tor for a se lec tive mer cury
trap. Af ter sta bi li za tion of tem pera ture (120C) within the
amal ga ma tor, the con tent of trapped mer cury was meas ured. 
Thus, mer cury was re leased from the amal ga ma tor by a short
heat- up and the mer cury cloud was trans ferred by O2 car rier
gas to a dou ble meas ur ing cu vette. Hence the same quan tity
of mer cury was meas ured twice us ing dif fer ent sen si tivy, re -
sult ing in a dy namic range of 0.05-600 ng Hg in a sin gle
meas ure ment. The de tec tion limit was 10-5 mg/kg. The
origi nal fac tory cali bra tion was still valid for the cali bra tion
of the in stru ment. The val ues were con trolled regu larly by
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cali bra tion stan dard mer cury so lu tions – NIST- traceable Hg
stan dard so lu tion (Accu Trace Sin gle Ele ment Stan dard; Ac -
cuS tan dard Inc., New Ha ven, CT, USA) [3]. The Mixed
Pol ish Herbs (INCT-MPH-2, In sti tute of Nu clear Chem is try

and Tech nol ogy, Warszawa, Po land) and the Tea Leaves
(INCT-TL-1, In sti tute of Nu clear Chem is try and Tech nol ogy, 
Warszawa, Po land) were used as ref er ence ma te ri als [4].
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Ta ble 1. As sess ment of the ac cu racy and pre ci sion of the method by us ing two stan dard ref er ence ma te ri als: INCT-MPH-2 and INCT-TL-1,
(In sti tute of Nu clear Chem is try and Tech nol ogy, Warszawa, Po land).

INCT-MPH-2 (mg/kg), n=10 INCT-TL-1 (mg/kg), n=10

certified value determined value certified value determined value

0.017600.00160 0.016700.00050 0.004920.00074 0.005270.00043

Ta ble 2. Con cen tra tion of to tal mer cury in teas and ce real prod ucts
No. Product Mean  SD (mg/kg)

teas

1 Single-component fruit tea

1)    0.000750.000151a 2)    0.00060±0.000159a 3)    <LD10a

4)    <LD10a 5)    0.00040±0.0001010a 6)    0.00290±0.0015012a

7)    <LD10a 8)    <LD10a 9)    <LD10a

10)   0.00020±0.0001010a 11)   0.00210±0.0000412a 12)   0.03100±0.0029012a

13)   0.00290±0.0001012a 14)   <LD10 15)   0.00310±0.0006012a

2 Binary-component fruit tea
16)   0.00040±0.000109a 17)   0.00105±0.000162a 18)   0.00290±0.000652a

19)   0.00050±0.000109a 20)   0.00080±0.000209a 21)   0.00070±0.000159a

3 Ternary-component fruit tea 22)   0.00150±0.000209a 23)   0.00130±0.000049a 24)   0.00160±0.000059a

4 Quaternary-component fruit tea
25)   0.00160±0.000309a 26)   0.00302±0.000673a 27)   0.00225±0.000372a

28)   0.00175±0.000183a 29)   0.00127±0.000431a 30)   0.00285±0.000196a

5 Five-component fruit tea
31)   0.00040±0.000107a 32)   0.00200±0.000412a 33)   0.00150±0.000209a

34)   0.00069±0.000261a 35)   0.00020±0.000039a 36)   0.00050±0.000109a

37)   0.00050±0.000109a – –

6 Six-, seven-, eight-, nine-component fruit tea
38)   0.00287±0.0001833a 39)   0.00050±0.000109a 40)   0.00236±0.000143a

41)   0.00030±0.000107a 42)   0.00198±0.000116a

43)   0.00151±0.000131a 44)   0.00246±0.000242a 45)   0.001477±0.000211a

7 Help slimming tea

46)   0.00333±0.000761a 47)   0.00463±0.000702a 48)   0.00568±0.000843a

49)   0.00225±0.000149a 50)   0.00105±0.000279a 51)   0.00369±0.000703a

52)   0.00247±0.000441a 53)   0.00626±0.000952a 54)   0.00519±0.001273a

55)   0.00179±0.000189 – –

8 Green tea
56)   0.00653±0.000583a 57)   0.00220±0.000209a 58)   0.00480±0.000409a

59)   0.00220±0.000609a 60)   0.00254±0.0000913a 61)   0.00462±0.0001813a

62)   0.00700±0.000309a – –

9 Black tea

63)   0.00126±0.000194a 64)   0.00207±0.000204 65)   0.00250±0.000234a

66)   0.00104±0.000135a 67)   0.00094±0.000155a 68)   0.00270±0.000055a

69)   0.00495±0.000198a 70)   0.00267±0.0001611a 71)   0.00216±0.0003311a

72)   0.00298±0.0001611a 73)   0.00336±0.000256a 74)   0.00935±0.000406a

75)   0.00145±0.000264a 76)   0.00277±0.000648a 77)   0.00267±0.0001611a

10 Pu-erh tea 78)   0.00240±0.000509a 79)   0.00240±0.000309a 80)   <LD10a

cereal products

11 Pasta

81)   0.00062±0.000025b 82)   0.00059±0.000015b 83)   <LD11b

84)   0.00049±0.0001011b 85)   0.00028±0.0000511b 86)   <LQ11b

87)   <LD11b 88)   0.00011±0.0000211b –
89)   0.00064±0.000191b 90)   0.00063±0.000101b 91)   0.00109±0.000422b

92)   0.00023±0.0000511b 93)   <LD11b 94)   0.00049±0.000021b

95)   0.00023±0.0000511b 96)   0.00073±0.000128b 97)   0.00089±0.000159b

98)   0.00169±0.0001110b 99)   0.00004±0.0000111b –

12 Breakfast cereals

100) 0.00023±0.000023b 101) 0.00032±0.000004b 102) 0.00047±0.000024b

103) 0.00024±0.000083b 104) 0.00037±0.000114b 105) 0.00075±0.0000511b

106) 0.00042±0.000093b 107) 0.00013±0.0000211b 108) 0.00027±0.0000511b

109) <LD11b 110) <LD11b 111) <LD11b

112) 0.00065±0.000004b 113) <LD11b 114) 0.00032±0.0000511b

115) 0.00079±0.000113b 116) 0.00055±0.000024b 117) <LD11b

118) 0.00038±0.0000511b 119) 0.00018±0.0000511b 120) 0.00015±0.0000211b

121) 0.00015±0.0000211b 122) <LQ11b -

13 Wheat flours

123) 0.00083±0.000006b 124) <LD11b 125) 0.00018±0.0000211b

126) 0.00019±0.0000211b 127) 0.00077±0.000006b 128) 0.00096±0.000247b

129) <LD11b 130) 0.00020±0.0000511b 131) 0.00037±0.000007b

132) <LQ11b 133) <LQ11b 134) 0.00025±0.0000511b

135) 0.00119±0.000187b 136) 0.00018±0.0000511b 137) 0.00019±0.0000411b

138) 0.00017±0.0000411b 139) 0.00029±0.0000411b 140) 0.00025±0.0000411b

141) 0.00058±0.0000116b 142) <LD11b 143) <LQ11b

14 Barley groats
144) <LD11b 145) <LD11b 146) <LD11b

147) 0.00035±0.0000511b 148) 0.00033±0.0000511b 149) 0.00038±0.0000811b

150) <LD11b 151) 0.00056±0.0001011b 152) <LD13b

15 Semolina 153) <LD11b 154) 0.00030±0.0000511b 155) <LD13b

16 Rice 156) 0.00046±0.0001011b 157) 0.00033±0.0000812b 158) 0.00040±0.0000513b

17 Buckwheat 159) 0.00044±0.0001011b 160) <LD 12b 161) 0.00025±0.0000613b

LD – limit of de tec tion (0,00001 mg/kg)
LQ – limit of quan ti fi ca tion (0,00015 mg/kg)
1), 2), 3)     – codes of prod ucts
1, 2, 3...a, b – codes of producers



RESULTS AND DISCUSSION
Ta ble 1 pres ents a com pari son of the achieved re sults of

the con tent of mer cury of the ref er ence ma te ri als stud ied
with ref er ence val ues. Whereas, data on the con tent of mer -
cury in the teas and ce real prod ucts un der study are com piled 
in Ta ble 2. 

The re sults ob tained in the study pre sented here in di cate
that all sam ples of tested teas, with the ex cep tion of a sin gle
in stance, do not ex ceed the mer cury con tent level of 0.02
mg/kg, which should be con sid ered as sat is fac tory. The
high est con cen tra tion of mer cury was re corded in one sam -
ple of a single- component fruit tea (0.03100 mg/kg). In the
case of green teas, the high est con cen tra tion of mer cury was
0.00700 mg/kg, while for black teas the maxi mum con cen -
tra tion was 0.00935 mg/kg. Wojciechowska- Mazurek et al.
[10] re port that the mean lev els of mer cury con tami na tion of
leaf teas, tea bags, granu lated teas and fruit teas were 0.008
mg/kg, 0.007 mg/kg, 0.009 mg/kg and 0.003 mg/kg, re spec -
tively, which was gen er ally con firmed in this study.

Sig nifi cantly lower con cen tra tions of mer cury were noted 
in the ce real prod ucts stud ied than in the teas. The wheat
flours un der analy sis, con tained mer cury up to a maxi mum
level of 0.00119 mg/kg, while the tested kinds of pasta up to
0.00169 mg/kg and ce real break fast flakes up to 0.00079
mg/kg. The ana lysed grits and rice also had mer cury con cen -
tra tions be low 0.001 mg/kg. Stud ies con ducted by Wyka et
al. [11] showed that in the sam ples of ce re als from the
Legnica-Głogów re gion (un der the ef fect of cop per smelt ing 
plants) stud ied by those authors the lev els of mer cury os cil -
lated within the range of 0.0001 - 0.0008 mg/kg, i.e. be low
those re corded in this re search. Whereas, Hęś and Na dolna
[1] de ter mined mer cury lev els be low 0.005 mg/kg in in stant
grits for in fants. Miśniakiewicz [7] showed that the sam ples
of bread dough mer cury con tent in the range from 0.00050
mg/kg to 0.00191 mg/kg.

In view of the lack of spe cific re quire ments con cern ing
the con tent of mer cury in teas and ce real prod ucts in the cur -
rent leg is la tion (Com mis sion Regu la tion (EC) No.
1881/2006 of 19 De cem ber 2006 with sub se quent re vi -
sions), the up per per mis si ble lim its of con tami na tion with
that metal can be adopted on the ba sis of the rec om men da -
tions con cern ing her bi cide and pes ti cide resi dues speci fied
in Com mis sion Regu la tion (EC) No. 396/2005 with re vi -
sions [8], i.e. 0.02 mg/kg for teas and 0.01 mg/kg for ce re als. 

The cur rent knowl edge does not per mit any de fini tive
state ment whether the stan dards adopted are cor rect, es pe -
cially as data on the ge netic ef fects of mer cury poi son ing
may be come ap par ent in fu ture gen era tions. How ever, sum -
ma ris ing the re sults of the re search pre sented here, we can
con clude that the teas and ce real prod ucts avail able on the
mar ket should not con sti tute a threat to hu man health in
terms of their mer cury con tent. Moreo ver, the study in di -

cates that the prod ucts stud ied, origi nat ing in an
over whelm ing ma jor ity from lo cal pro duc tion, do not pro -
vide any dis turb ing hints that would con sti tute in di rect
in for ma tion on po ten tial pol lu tion of natu ral or ag ri cul tural
ar eas with that toxic ele ment. 

CONCLUSIONS
The fol low ing con clu sions re sult from the con ducted re -

search:
1. It was dem on strated that among the 81 sam ples of teas

(fruit teas, digestion- regulating teas, green teas, black
teas and Pu- erh type teas) only one sam ple had mer cury
con tent at a level above 0.02 mg/kg.

2. The ce real prod ucts un der analy sis had mer cury lev els be -
low 0.01 mg/kg.

3. The re sults ob tained in di cate an ab sence of threat of mer -
cury poi son ing due to the con sump tion of ce real
prod ucts and teas. 
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