832 4 A B} 81 9] X|

Korean Journal of Fisheries and Aquatic Sciences

KFAS

gh5=2] 52(1), 13-18, 2019

ZiIE2 0O = =
as U "jFZEX|of|A
MAR* . ZIH2s - ZIQkS| - ZIGHE - A= - EN2L -

o Hio|2H|] o}TlF

Z
(=]

Original Article

Korean J Fish Aquat Sci 52(1),13-18,2019

I-;Xo-l .

Biogenic-Amine Contents of Korean Commercial Salted Fishes and

Cabbage Kimchi

Sang-Woon Shin*, Young-Sug Kim, Yang-Hee Kim, Han-Taek Kim, Kyoung-Suk Eum, Se-Ra Hong,

Hyo-Jeong Kang, Kwang-Hee Park and Mi-Hye Yoon

Public Health Research Planning Team, Gyeonggi-Do Institute of Health and Environment, Suwon 16205, Korea

We determined the contents of 11 biogenic amines in 20 types of cabbage kimchi, 10 types of fish sauce, and 40 types
of salted fish purchased from small- and medium-sized grocery stores in Gyeonggi-Do, Republic of Korea, from June
to October 2017. The content of each of the biogenic amines in the various types of cabbage kimchi was slightly
lower than that in detection amounts of each of the 10 types of biogenic amines and the values reported by Joe et al.
The histamine content of all five types of anchovy sauce was lower than the limit set by the European Union (400 mg/
kg), but that of three of the five types of sand lance sauce was higher. Analyzing the ratios of the contents of five
highly toxic biogenic amines to those of the 11 biogenic amines yielded no quantitative correlation. The estimated
daily intake of the five highly toxic biogenic amines in cabbage-kimchi and fermented fish was < 6 mg.
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Biogenic amines (BAs)2 U &, A&, 559 tjAlg-A o
A opu| e 4ko] HERARARE- 52 A sto| Eof AlE 9| ofm] 3t
9} obu| 1= 7] Ho]uke-& Eal| A A =] w|(Karovicova and Koha-
jdova, 2005) A =Z(putrescine, cadaverine, spermine, spermi-
dine), ¥&FZ(tyramine, phenylethylamine), 3JE]|Zile] %
(histamine, tryptamine)E 7} e = o] I Th(Silla-Santos,
1996). o|&jgt BAs= 32, d7tgolE, diAl, Tz 59
A Rt A=A R A Jlom, Al U dUdxA 5
9] 715 zk= A 0 & B 11 E|QIti(Silla-Santos, 1996; Greif et
al., 1997). E3L, putrescine, spermidine, spermine™}- cadaver-
ineZ AtofQl= M2z 9] FHdAd R 0= ARARg-0) 2, Thul
gt vf QP Al Fa gt kS shar glom, AlEo] FFut
Uro| = JeS F= o E Al A Qltk(Halasz et al., 1994).
BAse A4 A== 2 AeEd 24 T-E6l9
AR S B8l AAS FSS o] FaL QU YHbH o 2 Q1A

of| &= vio]| @AY opvl-S E3}5}H= mono-, diamine oxidase”}
a7gol EAsto] F=dehe AlAglE 250l Qlok. s o}
oJ o] oflo] AF el AL 0= 22 4|2l phenelzined} 7+
2 mono-amine oxidase inhibitors (MAOIs)E E-8-3}1 Q&=
22} Ag-, &S HF A3 %, putrescinel} cadaverine
5ol A EAsHE A5 2 2o dgto] Al APole A
o] ZHg-o] o] Fof 2| 2] o} BAs7} 48 A F{ = ol %= Q1A #
afigt Aol YElS 4= Qlth(Bjeldanes et al., 1978; Chu and
Bjeldanes, 1981). T3} putrescine, spermidine, spermine= %
RIS 22151 (Bardocz, 1995), agmatine, spermine, sper-
o2 L= nitrosamine®] HA| 2 LA Qlck
(Halasz et al., 1994). &3], histamine-> sco-mbrotoxicosisE
Qutali Ao g A A 9o, tyramine ol ol
&to] ‘cheese reaction & §3F LEY Y HFEF2 FUst= 2
o2 dHA Slth(Bardocz, 1995; Cho et al., 2006). ©]&et =
Aoz s, = FDAYE ~4H=of|A] histamine 50 mg/kg,
tyramine 100 mg/kg, & BAs 1,000 mg/kgS $AHEO] A

midine
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3187122, EU% A= histamine 100 mg/kg, & BAs 300
mg/kge $AME ] ZH75]8-7|% 2 2, histamine 400 mg/kg2
A7 27887 2 AQbskal ¢l o™ (Lehane and Ol-
ley, 2000; Hu et al., 2012) -2 L}2ke] Z-9- 2013 o4k2 &
Ysolw, a8l 29, A2/ 5 deA gt Ao g
5}o] histamine 7% 200 mg/kg® A5k el ok
(MFDS, 2016). & 4% Ujo]] BAse] g2 gH 4] of
Wit Shebb B4 Re) 7l Hhol oA ofel Ak}
a4 gAo o) ZAH T BAsS] A 412 AA =3
gk opu et A vls 5o Aol wheh 2e-E7] wfiZel
U Qo] AFE2 W, 2AA], A= 5 WAAES BAs 3
AR 9 ol RS skl Wako = ZgEar
Qlth(Cho etal., 2006). 441 2] BAs A 713Hs 95t ¢l 2= of
Ae A2 f hE felj 84 = starters 371510] BAs
Ao Ae-S Asf|sH= B (Yongsawatdigul et al., 2007;
Jeong et al., 2014; Udomsil et al., 2015), 2419 chlorine di-
oxide Z7}el= W (Zaman et al., 2011), g7 ofjeh =+
25 A7}l 93t A8 &1 (Zhou et al., 2016), o] 7FE-E 9]
pHE 4.5 0|5} & W3eo] ghekal g 4 3H4 9] o] A (Dapkevicius
etal., 2000), = kAl ZAtol| 23 BAs AT A5 A
(Kim et al., 2004) 52| AL7F X3 =| ot Aasd 9 A%
A-golli= AR o] 9= A oltH(Um et al., 2016). EUoJ|A]
© 1279 histamine 7|12 400 mgkg© 2 44510 Tl
5L QUAITHEU, 2013) 2] utefe] 9otz v 7] 2] of] wol
AREE = EA A o[ i WA = 71 AR T AE
ol AZ57-2] BAsol| thel 7|&o] A wof QIA] gbof AbAE
AR L = A7 $l8l BAs W] 9] H g Ao 5] A 7] =
AL Qleh S WA A 20 A AR W %R 7He 3 BAs
o] YAsHA] eholl wheh 2|54l By g at Hefrt g
asiot. whepa] A OA 7] o] Eo] QA o2 4t
SAIEONA Y] BAs 2H HE=E BUETY sho] 35 A
A1359] BAs 7|44 W #ejol o] B[Rl A £-83
HE AlFst7| 18l ol 2AF A5 =353l

JERTTE
Mz A

Aol AR R 2(207) B ALFHS0)E 20174 6
UHE 10971 H7% S48 GERgN TS,
Biogenic amine 355%-%] agmatine (AGM) (97%), putrescine
(PUT), cadaverine (CAD) (95%), spermidine (SPD), spermine
(SPM), tryptamine (TRY) (97.5%), histamine (HIS), tyramine
(TYR) (98.5%), B-phenylethylamine (PHE), serotonin (SER)
(98%), noradrenaline (NOR) (98%), dopamine (DOP)<} W57
A2EAEA AME-E= 1,7-diaminoheptane (IS) (98%) X
A A1 ¢F dansyl chloride+= X5 Sigm-Aldrich (St Louis, Mis-

ERCEERE 2 Rk

ox

. HP%]-Q .

s v

ol

|

Mo

souri, USA)A|E-S ARE-3IATE 0] 542l acetonitrile (Sigm-
Aldrich, St Louis, Missouri, USA)> HPLCH-& AME-31%2
], ether (Sigm-Aldrich, St Louis, Missouri, USA) 5= 25
s
EEZY ZH

7y #2E A YREEE4S 0.IN HCIY =59 °F 1,000 mg/
L7} B 5 3t A& FTUH 0= ARGl o] & 2t 238
o] IS+= 98 mg/L, AGM 4 DOP+= Z+2}+ 30 mg/L, PUT, CAD,
SPD, CAD, SPM, TRY, HIS, TYR, PHE, SER ¥ NOR-& 7}
ZF 10 mg/LA == 3143 A2 &3 1580 0 = 519 th(Fig.
1). AFEAA] HFA S R8s 7R 124
S LREEREERE,
MNEZFE Y FEASt

BAs®| #1412 A1E540] 44420 Ut #2(MFDS, 2016)0] %
ato] AAJsteIth Al& 1.0 mLe] 0.IN HCLS 7}38te] 50 mL&
A g5to] A|EEA0R A8tk AIEEA 1.0 mLE AH
o] F3H1 01710} UHEZE9 0.1 mL, ESHTHRIE S
o} 0.5 mL2} 1% dansyl chloride £ 0.8 mLE 7}5}o] &
3 £3a 5 up|E sho] 45COlA 1A SEAISIL.
EA|sfet 28 2 A|F-8-of 10% proline £ 0.5 mL
9 ether 5 mLE 7}5to] 10427F XIgstal AFFHS Fato] 4
A 7EAR =36 5 acetonitrile 1 mLE 715Fe] &0]31 045
um syringe filter2 ¢]3}3F741S HPLC system (Ultimate 3000,
ThermoFisher scientific co., Massachusetts, Waltham, USA)
O g2 JAEtgl o, B4 2712 Table 13} 2t}

A

3582 A B0 BEEAL 10 mgkgo] H|ES G018 27

>
0
g
N
K
rol

Table 1. Analytical conditions of liquid chromatography

Instrument High-performance liquid chromatography
Column BEH C18 (4.6x250 mmx5 um)
Flow rate 1 mL/min
Time (min) Al (%) B? (%)
0 55 45
10 55 45
Gradient 15 65 3
20 80 20
25 80 20
30 90 10
35 90 10
Mobile phase A-Acetonitrile, B-H,0
Detector 254nm

A, Acetonitrile; B?, H,O.
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stol 47} g | £44o] ute} 32 vk Hjstel 24t

HZ35H|(limits of detection, LOD)2} % &F3H|(limits of quan-
titation, LOQ)+= ICH guideline (ICH Expert Working Group, 2005)
ofl 4 A A ol Akl whet ot

LOD=3.3x0/S

LOQ=10x0/S

o=The standard deviation of Y entercept
S=The slope of the calibration curve

i

QAo R o)A B BAs 12F9] 34=8&, AT
7 & A= Table 29F ek ARAI4= 0.9902-0.9996
o7 ot AMGS Btk £4 04 BAs 1239 LOD=
0.03-0.80 mg/kg, LOQ%:= 0.06-2.43 mg/kg $=3=0|¢lal 3|4
&2 AGM 56.3% (A EFHAL4.5%)S A2 3F BAs 1152
81.4%-97.4%, A EZHA= 10% o2 2 dA5Lo] Als] 2=
ol At Ao & FehE| St

Iz =]
=g 2

A|20] EAH AT Table 30] LRIk, W27 2of) 274

1x

21t

Table 2. LOD, LOQ and recoveries of in squid jeotgal

. . Correlation  LOD! LOQ?

ames st (vgle)  (moke) G0
AGM® 0.9972 0.80 243 56.3+4.5
TRY 0.9990 0.26 0.79 84.7+4.2
PHE 0.9965 0.19 0.57 97.4+4.3
PUT 0.9970 0.28 0.86 85.614.7
CAD 0.9945 0.44 1.32 91.1£1.6
HIS 0.9902 0.13 0.40 95.4+3.6
SER 0.9991 0.03 0.09 84.5+4.2
TYR 0.9996 0.05 0.16 82.2+1.5
SPD 0.9942 0.11 0.35 81.4+1.3
NOR 0.9950 0.02 0.06 85.2+4.2
DOP 0.9978 0.07 0.21 85.4+4 4
SPM 0.9988 0.42 1.27 83.4+1.8

Limit of detection. *Limit of quantification. *AGM, agmatine;
TRY, tryptamine; PHE, B-phenylethylamine; PUT, putrescine;
CAD, cadaverine; HIS, histamine; SER, serotonine; TYR, tyra-
mine SPD, spermidine; NOR, noradrenaline; DOP, dopamine;
SPM, spermine.

Sh= PUT 2.3 mg/kg-148.6 mg/kg (Bt 47.6 mg/kg), TRY
2 E7A%-74.8 mg/kg (B4 11.6 mg/kg), CADL 0.9 mg/kg-
39.8 mg/kg ((H+t 8.3 mg/kg), TYR-2 1.1 mg/kg-27.9 mg/kg (
B+t 8.3 mgkg), HIS> 54%&-21.8 mg/kg (B 6.3 mgkg)
© 7 A2} 71 9 BAs: 10 mg/kg n]vko|Qich vj3=71%)
wHiFel AlY, LE7FE, v, A T RARE Yol e
BAFO R Ao Hol AREE= HA O] ARg-FF] wel BAs
shaFo] sold 4= gl o™ (Mah et al., 2004; Cho et al., 2006),
A7 dl s/ T ol Al mgE L] 2802 BAs Tl sold
> AAtH(Kalac et al.,1999). whebA] & Aol ARG A7} &
T4 T A Bk Fold AR Yol = E6kal 7] & At
I(Cho et al., 2006)2} BAs 2t2+0] HE%F Hat= |1l 3131
o] NOR, DOP-5 A| 9]t 105-9] BAs gHeo] thas Y| e
22 ATh o1 2] A4 WSt ghaof Z12] Al A] A & ARG
ol ZAAU BAs 4713} =gl o = AAlof 231 BAsO] oF
ol & 7FsAdol Sk hA|NE AR 2] ol A Kalac et al.
(1999)0] A eket BAs 3]-87]12 HIS 10 mg/kg, TYR 20 mg/kg
oSttt =2 HETES e o] BAso| thgt A4ds} =y}
A&l BUEFo] Bad Ao R Helrh A4 o], 17}
F, QAFEF 5 AA e GRS FURR 5] 49
7Fsto] W S/ A7 Algoleh AR A S ol wstA L &
2Rt o = ofof] o7} Fefshal E A AUE T 54
A1 3 o mpsiAY et HE 233t A WIth(MFDA
2016). DA AL TRY 35.0 mg/kg-193.5 mg/kg (Bt 118.5
mg/kg), PHE 20.0 mg/kg-36.9 mg/kg (%8t 28.2 mg/kg), PUT
41.8 mg/kg-173.3 mg/kg (B 99.6 mg/kg), CAD 100.0 mg/
kg-253.0 mg/kg (Bt 173.3 mg/kg)o] AZ&E et HISS| 4
% 196.0 mg/kg-393.2 mg/kg (Bt 274.3 mg/kg)o] HEE A
L Aol AR EA A 571 B EU ¢19) 715521 400 mg/
kg m|vto]gle}. 3t SER E72-17.9 mg/kg (B4t 11.2 mg/
kg), TYR 211.4 mg/kg-446.0 mg/kg (<t 325.6 mg/kg), SPD 0.8
mg/kg-6.7 mg/kg (B 5.0 mg/kg), NORS 272 DOP 5.5
mg/kg-23.8 mg/kg (Bt 14.2 mg/kg), SPM 1.4 mg/kg-4.1 mg/kg
(Bt 2.3 mg/kg)ye YERASIT 72| Alo A TRY 122.5
mg/kg-242.5 mg/kg (B4 156.7 mgkg), PHE 18.3 mg/ke-
32.5 mg/kg (Bt 22.3 mg/kg), PUT 30.8 mg/kg-43.8 mg/kg (
4t 39.1 mg/kg), CAD 52.5 mg/kg-168.3 mg/kg (Bt 99.4
mg/kg)o] A=E Atk HISY 79 183.4 mg/kg-1038.9 mg/
kg (Bt 495.5 mg/kg)o] HEE AL AF ol AHE-gE 7t
A 571 % 271(183.4 mg/kg, 209.1 mg/kg)S A9t L =] 3
71(424.0 mg/kg, 622.1 mg/kg, 1038.9 mg/kg)S B EU <
3} 7]% 400 mg/kgS Z=1F5lch. E3k SER 9.2 mg/kg-41.5
mg/kg (B4t 22.6 mg/kg), TYR 155.7 mg/kg-252.4 mg/kg (3
I 183.3 mg/kg), SPD 3.4 mg/kg-6.4 mg/kg (B 4.8 mg/kg),
NORZ &45-54 mg/kg (B 1.8 mgkg), DOP 11.8 mg/
kg-46.9 mg/kg (H+f 25.0 mg/kg), SPM 1.2 mg/kg-5.6 mg/
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kg (B3 2.5 mgkgyS UERNAL) HISS) 49 712aol A EU A 7129 400 mgkee Y A2%S tepfjo] @
Cho et al. (2006) Hx|HA 352.5 mgke-1127.6 mghke (B HAA T} 7iU2] A A o] HIS $Hfo] o & A 0.2 Uehyt
T 624.5 mg/kg), 7] 2154 me/kg-1124.1 mghkg (3 Th. 1 AR ol ARaE WA 4 A0] W) GHake: 75%-77%, 7Lk
3 5842 mgkg)©.2 R8T Kim etal. (2011} @x9]  2lajale] 7] sheke 50% Gk oWl A Aol A 7hue)
L4212-1507.1 mylke (3 7630 mghke) eloAL 410, olste] ol ol ol ikl HIS 3ol 3 el

mg/kg-1025.5 mg/kg (B 666.5mg/kg) O 2 =2 AETS HE ofFolnt %*éxéioﬂ w2 210 2 ghohech A HA Y
Haskglet] # AdoAs dAAA & B EU AF 7% 7hte|H510] BAs o o4 ol E2 oA A 5 A
21 400 mg/kg wRto] T it AL 57 & 3719 Al =of Fo AR a7 147}H°1 AFEER Sl w4

Table 3. The contents of biogenic amines in cabbage-kimches, salt-fermented fish sauces and salt-fermented fish products (mg/kg)
Samples N' TRY? PHE PUT CAD HIS SER TYR SPD NOR DOP SPM  Total®
ND- 2.3- 0.9- ND- 1.1-

féabbﬁge' o 745 ND20 45s gag g1 ND28 g ND67 ND36 ND-21 NDS
fment (116) (05) (476) (83) (63) (08) (83) (29 (13) (05 (1.1)
Salt 350- 200- 418 1000- 1960- ND- 2114 08.6.7 55 444
fermented 1935 369 1733 2530 3932 179 4460 o' o 238
22322"3’ (1185) (282) (996) (1733) (2743) (112) (3256) (50) (142 (23)
i me e e an e
fermented 2425 325 438 1683 10389 415 2524 0404 NDBA 459 1206
zgzgelance (1567) (223) (391) (994) (4955) (226) (1833) (48) (18) (250) (29)
sauce oL . T
Shallted o 3381 ND42 2854 NDAS5 157 i 1474 NDOS 10 jef 0496 o
shnmp 48 (26) (37) (03) (68) (86) (38) (04) (80) (829) (49) (1685)
06- ND-  10- ND- ND- 08  28.0-
Salted 5 D54 173 ea7 215 2240 qgg NDO9 ND27 o5 57 4117
squi (1.6) (99 (185) (139) (32) (52) (04) (09) (1M0) (87) (7328)
143 321- 26- 25 13 36-  27- 1238
Sated o ND-70 ND-31 445 3950 210 102 659 2636 ND61 583 296 5452
viscera (23) (13) (269) (1307) (86) (46) (231) (31) (31) (184) (134) (2759)
17-  ND- ND-  ND- ND-  141- ND- 309
Sated g ND-64 ND-26 595 109 105 201 1132 0837 434 228 428 1260
oclopus (13) (08) (130) (40) (56) (105) (15) (19) (26) (83) (141) (74.29)
ND- ND-  ND-  4.1-
Faﬁed po- : wp o 233 ND29 ND46 ND84 NDO9 0826 |\ a0 474 1517
ock roe (112)  (07) (09 (33 (03) (19 (157) (183) (69.26)
1.9- ND- 06-  10.0- 100.9-
S|alted , ND29 ND-16 2689 .5 ND33 1578 b ND47 NDS9 g% 757 00
clam (13)  (03) (53) (1672) (12) (42) (A1) (14) (17) (158) (49.8) (3145)
0.2- ND-  ND-  47.7-
Ea:(ted s ND-27 ND-32 4297 o ND28 2271 12:93 ND-13 ND4O oo 2oy
eka squi (18) (1) (75 (78 (16) (49) (56) (09 (11) (123) (221) (86.32)
12-  552- 122- 52 15.2- 217.1-
Sated o ND41 ND22 1236 305 s gy qag 1237 1296 i ND22 Gy
sword fish

(1.5) (0.7) (2.1) (2.3) (72.4) (14.6) (9.4) (2.3) (4.3) (87.4) (0.9) (287.1)
"Number of samples examined. ’TRY, tryptamine; PHE, B-phenylethylamine; PUT, putrescine; CAD, cadaverine; HIS, histamine; SER,
serotonine; TYR, tyramine SPD, spermidine; NOR, noradrenaline; DOP, dopamine; SPM, spermine. *Minimum-maximum value (mean
value). “Not detected. *Sum of TRY, tryptamine; PHE, B-phenylethylamine; PUT, putrescine; CAD, cadaverine; HIS, histamine; SER, sero-
tonine; TYR, tyramine; SPD, spermidine; NOR, noradrenaline; DOP, dopamine; SPM, spermine in salt-fermented fish products.
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Table 4. Estimation of histamine, tyramine, putrescine, cadaverine and B-phenylethylamine intake based on dietary intake about fermented

foods
. Intake (mg/day)
Samples Daily intake (g/day) - - X X - X
Histamine Tyramine Putrescine  Cadaverine  B-phenylethylamine
Cabbage-kimchi 68.4 0-1.5 0.1-1.8 0-0.1 0.1-2.7 0-0.1
Salted octopus 285 0-0.6 0-0.1 0-0.8 0-0.3 0-0.1
Salted pollock roe 16.0 0-0.1 0 0-0.4 0 0
Salted shrimp 48 0-0.1 0 0 0 0
Salted squid 11.3 0-0.3 0-0.2 0-0.2 0-0.7 0
Salted clam 9.7 0 0-0.1 0-0.1 0-4.3 0
Salted viscera 10.6 0-0.2 0-0.7 0.2-0.5 0.3-4.2 0
A0 2 ek sHARE 2ol A o EAIMol Y= BAs®  References
T AAS S e e Y AR S WY 24l
U uls 22522 2715le] Byju|dEe gildo g A3 Bardocz A. 1995. Polyamines in food and their consequences
Loy So] 749l Aol muUE o] WQ T Ao s vtk for food quality and human health. Trends Food Sci Technol
e}, 31200] £BAs GHES 2432 1009 meke-610.0 mg/ 6, 341-346. https://doi.org/10.1016/s0924-2244(00)89169-

kg (Bt 314.5 mg/kg), Ao 41 74 217.1 mg/kg-443.4 mg/kg
(34t 287.1 mg/kg), AeHA17E 123.8 mg/kg-545.2 mg/kg (Bt
275.9 mg/kg), A>-A72+ 95.0 mg/kg-328.9 mg/kg (Bt 168.5
mg/kg), BE7| A2 47.7 mg/kg-154.2 mg/kg (B4t 86.32 mg/
kg), $AAZ 3.9 mg/kg-126.0 mg/kg (Bt 74.23 mg/kg), 2
#J o1 %17 28.0 mg/kg-111.7 mg/kg (Bt 73.28 mg/kg), P35l
Z- 4.1 mg/kg-121.7 mg/kg (Bt 69.26 mg/kg) <=2 2 LERSE
t}. HIS, TYR, PUT, CAD, PHE 5 5%2 =AU 7h54 0
2ol WaAE = 38 R4 A AN (Beneduce et al.,
2010)0]=] 2 Aol A1 o] BATAT 115-2] BAs & g thH]
EUE 7Hs0] 2 20 HalE BAs 559 $EF HIE
2 AL 63.8%, LA A4 58.6%, A o1 A4 39.9%, =
AL 38.0%, GAAZ 31.4%, BE7RZ 30.8%, WAz
16.6%, A2 13.1% =0 2 Uehstt) sHx]uh & BAs %
T 54 5% BAs RO AR Aad e o
Zhe] 2] ookt
Biogenic aminel| A Z[2

A3 U FHFHKHIDI, 2015y 7|22 skof 4] 8
AR, WA, AL, A, 2R 1E]a A
SAZ| tigt S A0l 38 552 BAsY] dUAlF
S 77513 th(Table 4). 7L A3} 7] A5 1 (Horowitz et
al., 1964; Bieck et al., 1998; Cho et al., 2006)°]4+= TYR
F|7ol 6 mg ool B SR 7F 2ALE] o] HE-GE A
MAOIs7| H&-& 58k A2 734 Tloh= Zlo] 2 A
o7 FetE[glont ojH Aol A= A 9 AL oA 6
mg AA] $Foth sHANE 7 Sof whak A FH ke AR S 2
AFEFE et 4= 9o B ofds] Fosfor e At o
Ao R T,

o)

AL
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