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Evaluation of Artificial Radionuclides in Berries
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ABSTRACT - To ensure food safety of berries from radioactive contamination, radioactivity monitoring was con-
ducted with a total 258 samples of the berries and processed berry products distributed in Gyeonggi-do, South Korea, from
2016 to 2018. The concentration of artificial radionuclides, "*'I, **Cs and *’Cs, was analyzed using gamma-ray spectrome-
try. ' and '**Cs were not detected above the MDA (Minimum Detectable Activity) value from any of the samples. How-
ever, the range of radioactivity concentration of '*’Cs was 0.69-808.90 Bg/kg in 39 cases of berries. '*’Cs was detected at
0.70-3.29 Bg/kg from 6 cases of domestic berries, which were manufactured from imported raw materials. Among 33 cases
of imported berries, ’Cs was detected at 0.69-808.90 Bg/kg. The concentrations of '*’Cs in 1 case of blueberry powder
product (808.90 Bg/kg) and 2 cases of lingonberry powder products (103.93, 188.46 Bg/kg) exceed domestic maximum
radioactivity limits, and these were detected in the berries from Poland. These results suggest that monitoring system for
imported berries and processed berry products should be continuously intensified to secure food safety.

Key words : Radioactivity, Cesium, Berries, Blueberry

2011 3€ HAIS o
= ZA 4dxE ALz International Nuclear Event
Scale, INES) L&Al 755 Abale|th. 198610l 248
g AEEY 4 AL 22 SaEOlXNF A EAE F
Zo] A& 3 Foll Aok HellA AzHde dstar Ao

2018 7€ 71 =7PE 9 B d3e A EY
oA 4 9 A F7F iR 7
5871, LEo] 427, F=Fo] 417l o). EuElE 2471 ¢
AL A FolH, A& Atold FaL U & A&F
o2 593 Y= T A A=l dEFHE QFE)
3L do] = €] AlF WAksol thek S50 BRbte] =T

WA B A A B Q1S A EEE

T8 g Ak dEAR A A Eddle
(PU) 2RE(*Rn), ZEH(MK) 5ol 2lom, 53
o] BE AFo ESAE ¥Rt ol A W= &4 §F

T, K BE AR BHoR 24

FRAE QA BAL AL

2
FR(

=]
=
T

Al
=

- 3T L
B, TEAaE

o

R

4

*Correspondence to: Ji-Eun Kim, Agro-fishery products safety
inspection center, GyeongGi Province Institute of Health and
Enviroment, Suwon 16205, Korea

Tel: +82-31-290-6681 Fax: +82-31-406-4602

E-mail: smilejieun22@gg.go.kr

31

Faste Amst 4
el Bso] wE
953} v A2

#7390 met zpol7k Yo, A
Wb} e T WAk
A JF2 AL A

ol ZEZES),
221, AlF(Cs, VCs)
@, A2y A4

_'E__E.}E—’_(BSPU’ 239PU’ 240PU),
Sl 9Tk 17 WA B
Az 5o WAE By Fol
8730 ot 49F YA

al
(o] -
A= AFE Fal Al

ox O 1o L 10 02 X o ot
- S o)
o o
uics
i)
2

pu
R

I T
o fobs A1,

Bq/kg ©l3}, 2 £ 7]

, oFelz=A g FelA 100
a4 & 300 Bg/kg ©]3t



32 Ji-eun Kim et al.

2 FABIaL ek WA AlE(PHCs) e BE AES
Ao & 370 Bgkg ©letE FAlstF o, 20119 Y=
FAup AAALIL o] F 100 Bg/kg ©l8tE QA3 715
AdAsted Aelstar Aok,

Al S2uEt WA Mgl tigh 715 A4
Z$19¥93](CODEX)S] 1,000 Bg/kg, V= 1,200 Bg/kg 2 EU
500 Ba/kg 713 vl watdg o vi-g- F43sH A-&=a
ATH2, ZE} 20179 ZF oA 2918 BFEuE] FF
g 5 FIF TFEAFA AN AlEel 123-203 Bgkg
o2 Y 7Es 2Fste] AEHJLY, FHAAM f+F
S 54 5 Y EFE AoA AP Algol A
ZH AT B E AT

FHRE A drirt Bol B sl A JEHE
FA 8t #H ol Vaccinum <i(cranberry, blueberry)}
Rubus <:(raspberry, blackberry) 5 2734 st A&

< o|Fa Ut HlEA SFEES] dEAolde] FR3t

flo o &

o Fst Esbt Holty, YU FUF, PP &3}
5 eyl 339 ARE vehio] TR 713A
F A7k 908 AYHT 9 5 FTHPIAE 297}
53 9E AFolTp,

R LR e DICEEER ERERS I
AbnE A% PP B oo 2R, Yeue,
Wile 5 gSRAN A ol FEHATE B
7 A, B 4 AlE Ageae S ARl o

Ju re nx
g
=
U

MR g
-
o
r

X

=1 =
H 53 AAFE 452 AES
ARSI, 2016F5-E 2018d7H4] 471 % W
¥, T4a¥ vlE, Wslkd, A5 Fu)A
2 QIEYl g EelA] F 258708 FAACH,
A EFEo2E EF ) E(blueberry, n=115), 3 %=(grape,
n=54), &7 (strawberry, n=26), °FZ 1} aronia, n=23), A
W] 2] (cranberry, n=10), %<2 Z](lingonberry, n=6), &%}
(rubus coreanus, n=5), B¥ 7Y E (black currant, n=5), 2|
] (billberry, n=3), ©.T](mulberry, n=3), ¥-3}ZHFig, n=2), &
2| 2] (blackberry, n=2), A&7 (rubus crataegifolius, n=2),
2}=H] 2] (raspberry, n=1), o}FA}o] 82 (acaiberry, n=1) & 15
F&Zolth, A(fresh fruit) Wrt o2}t A=E Uz A
d s AEH A, AT 5, dEY, 22 T o
G AHF THAEFS LR ST

o
lo

oflt

O.|>i :l °
of

=]

9

A=2] HHT

AP dEdF o] WAbs sRE BAs] flste] £ 4
TFAME A& AAE 7Fsd AP oR AlEE A
g stk A AW F47F 2ad AR Aedde 4
F353)7](Robot Coupe, Ridgeland, MS, USA)E ©]-&-3}
2 & 1L vg]dE] v]A(Marinelli beaker)ol| 313}
a2, Aol A Fejo] A se 2R mijdE] B]F
SR ST A=

TA's sE=
2ol AHE ZEARFEAIE TR A=y 7

Z7](High Purity Germanium Detector, Ametek Ortec,
Oak Ridge, TN, USA)E i &&2 60%, 2% 2300 V
A ] AR 35 (Full width at half maximum)< “Co
1332.5keVellA 1.95keV olstoltt. 7 10 ecmo]de]
A A E AAste] FHORRE AZ7|E YAk H
2= Fhbd S sk, Al uA] § g8 wA
o] AMgSE EFAAL SR BIAT LA A=FsE * Am
(59.5keV), '“Cd (88.0keV), ¥Co (122.1, 136.5 keV), *Ce
(1659keV), *'Cr (320.1keV), "3Sn (391.7keV), ¥Sr (5140keV),
¥1Cs (661.7 keV), “Co (11732, 1332.5keV), *Y (898.0,
1836.1 keV)S Egtet 53 ¥F4US A&t dF
2 A gE A AMETEK ORTECAFS] Gamma Vision
2IW(AMETEK ORTEC, TN, USA)S o|&3&lion, B,

s, Cs B YKE A8l

W AR

Wiks % EA0lAM H2HE7Fe =< Curriedl ¢
3 At HEFAAE vtgor AR HH, A= FA
Al FERks st WAbs A AR5 b= N
Folth & Aol e HAEAA T A=A 28,
ANEY, ST T WA s dFE FE ZE
A7 TFE H2AETFSEE WS ARESte] ofEje 4

o gJ&f HAVse EARE FHEIN ™, Gamma Vision
2 78 (Ametek Ortec, Oak Ridge, TN, USA)S Saf A
AT,

B
MDA = 27144654

em-ly-Ts
W MoEeE 2oy
e 88
m: A5

A AlEHH-S F8-51e] 10,0002



Evaluation of Artificial Radionuclides in Berries 33

Table 1. Radioactivity concentration of "*'I , '**Cs, ¥’Cs and “)K in berries

Htems No. of MDA range(Bq/kg) No. of 'Cs Range(Bq/kg)
samples 131 134Cg 137Cg detected 1370y 2"

Blueberry 115 <0.05-<0.85 <0.01-<0.64 <0.07-<1.04 22 0.70-808.90 4.09-252.69
Aronia 23 <0.12-<0.34 <0.12-<0.36 <0.02-<0.47 3 1.10-2.24 61.42-422.02
Cranberry 10 <0.10-<0.27 <0.07-<0.25 <0.10-<0.40 4 0.69-91.35 17.03-246.95
Lingonberry 6 <0.10-<0.36  <0.13-<0.31 <0.17-<0.62 6 4.68-188.46 26.90-232.17
Blackcurrant 5 <0.12-<0.27 <0.13-<0.31 <0.12-<0.41 1 2.83 26.84-619.27
Billberry 3 <0.12-<0.34 <0.12-<0.38 <0.19-<0.55 3 6.89-71.62 30.55-254.65
Others" 96 <0.06-<0.20 <0.04-<0.24 <0.06-<0.95 0 - 10.32-174.96
Total 258 39 0.69-808.90 4.09-619.27

MDA denoted minimum detectable activity .
°Others include Grape(n=54), Strawberry(n=26), Rubus coreanus(n=5), Mulberry(n=3), Fig(n=2), Blackberry(n=2), Rubus crataegifo-
lius(n=2), Raspberry(n=1), Acaiberry(n=1).

Results and Discussion
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Table 2. Radioactivity concentration of berries products according to the food type

Items Blueberry Aronia Cranberry Lingonberry Blackcurrant Billberry Total
No. of No. of No. of No. of No. of No. of No. of
137CS 137 137CS 137 137CS 137 ]37CS 137 137Cs . 137CS 137 ]37Cs 137CS
Food type detected detected detected detected detected detected detected

/No. of (Bake) /No. o

r BIKD) o o BIKD o o BIKD o

of Bake) " Bakg) " . (Bake)

samples samples samples samples samples samples samples
Fresh Fruit  0/24 - 0/3 - - - - - - - - - 0/27 -
Frozen 0.76-3 0.76
Product V3% o0 i ) i i ) i o ) i i B35 500
3.29 0.69 6.89 0.69
Beverages  2/10 18.86 0/2 - 3/6 9135 1/1 14.85 1/1 2.83 2/2 4186 9/22 9135
0.70 0.70
Jams 10/23 1633 - - - - 1/1 4.68 0/1 - - - 11/25 1633
. 1.63 1.63
Fruit Puree  4/4 67.56 - - - - - - - - - 4/4 6756
Fruit/
Vegetable 18.12 1.10 39.76 1.10
Dried 2/6 -808.90 3/13 204 12 1327  4/4 188,46 0/2 - 1/1 71.62  11/28 -808.90
Powder
Sugar-pre-
served food 0/10 - 0/4 0/2 - - - - - - - 0/16 -
Others® 0/4 - 0/1 - - - - - - - - - 0/5 -
Total 22/115 3/23 4/10 6/6 1/5 3/3 39/162 0.69
-808.90

*Others include Processed fruit/vegetable product(n=1), Syrup(n=1), Cereals(n=1), Cookie(n=1), Processed peanut or nut prod-

uct(Mixed)(n=1).
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Table 3. Radioactivity concentration of berries products according to the origin
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Origin

No. of ¥'Cs

137,
(No. of samples) Ttems Food type detected Cs(Ba/kg)
Jams 4 0.70-0.81
Domestic
(n=129) Blueberry Beverages 1 3.29
Fruit Puree 1 1.63
sub total 6 0.70-3.29
US.A Bluch Frozen Product 4 0.76-3.00
ueber
(n=42) v Jams 1 16.33
Blueberry Fruit/Vegetable Dried Powder 1 808.90
Aronia Fruit/Vegetable Dried Powder 3 1.10-2.24
Poland Cranber Beverages 1 91.35
(n=20) Y £ '
Lingonberry Fruit/Vegetable Dried Powder 3 60.18-188.46
Billberry Beverages 1 41.86
France .
(n=12) Blueberry Fruit Puree 3 17.60-67.56
Fruit/Vegetable Dried Powder 1 18.12
Blueberry
Beverages 1 18.86
Beverages 2 0.69-3.66
Cranberry
Fruit/Vegetable Dried Powder 1 13.27
Fm_land . Beverages 1 14.85
(n=11) Lingonberry . .
Fruit/Vegetable Dried Powder 1 39.76
Blackcurrant Beverages 1 2.83
Beverages 1 6.89
Billberry
Fruit/Vegetable Dried Powder 1 71.62
Italy
(n=3) Blueberry Jams 1 1.36
Der(l;r;ark Blueberry Jams 2 2.61-4.66
Germany Blueberry Jams 1 2.72
(n=2)
Germany Lingonberry Jams 1 4.68
(n=2)
Sw1tz_erland Blucberry Jams 1 0.99
(n=1)
Others* 0 )
(n=96)
sub total 33 0.69-808.90
Total
(n=258) 39 0.69-808.90

*Others include Chile(n=19), Spain(n=3), England(n=3), China(n=3), Peru(n=3), Canada(n=2), New Zealand(n=1), Bulgaria(n=1),

Malaysia(n=1).
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