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ABSTRACT: Objective To understand the overall situation of biogenic amine content in various types of seafoods
in Hainan Province, and conduct dietary risk assessment on the detected histamine. Methods A total of 387 batches
of seafoods from supermarkets and farmers’ markets in 19 cities and counties of Hainan Province in 2022 were
detected for 14 kinds of biogenic amines by ultra performance liquid chromatography-tandem mass spectrometry.

Based on the detection results, the dietary exposure risk of the detected histamine was assessed by the hazard
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quotient (HQ). Results

The average content of biogenic amine detected in 387 batches of seafoods were

0.101-55.248 mg/kg, and the maximum value were 2.248—10819.835 mg/kg. The higher levels of several biogenic

amines were spermine, spermidine, histamine, putrescine, cadaverine and so on. And two samples detected histamine

levels over 200 mg/kg. The dietary risk assessment showed that the estimated daily of histamine in different

populations in Hainan Province were 0.00000—0.06690 mg * kg ' *bw '« d”', with HQ of 0.00000—0.00134

(HQ<1). Conclusion Biogenic amines are detected in all kinds of seafoods in Hainan Province to varying degrees,

but the risk of histamine exposure is low, posing a small threat to human health.

KEY WORDS: seafood; biogenic amine; dietary exposure risk assessment; hazard quotient; ultra performance

liquid chromatography-tandem mass spectrometry
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A W g S — 2 B R ) AR T P AR 43 BT e Y
Bl AL A A AR, o i s ) R A TR
BRI TF AR =2, 3804 41 M (histamine, HIS), {7
J¢ (tryptamine, TRP). 5-F2 {4 JI% (serotonin, SHT). Wik
(spermidine, SPD), ¥#¥(spermine, SPM). J& B (putrescine,
PUT). /7 Jli¢(cadaverine, CAD), 1-7K £ Ji#(1-phenylethylamine,
PhEt). S-K Z Jl(2-phenylethylamine, PEA) . B/l (tyramine,
TYP). %KWk, p-R IR BN A Wi i A7 A
T BT AR S BB B RESAT M FLE A
W Bl AR A SRR b o AR R P S i R IS S5
G355 b — LS U A AR W G, TR SR KT R i
FEROCHEIE bR, R E A e XU K, A T
AT S A B AT AR A A Tk N A R ) A
Jiie, & 5EBNE SN VIAHDG, BRI, Hid s
A e S R M KU N S T, e A AR Bt A
YR LA E ), WK A e O R R B R AR
LR EFT,

AR [ P A TR TR AE X R S AR e
AT T 0L, P K v A ) B 1 KUK
WAL I T —S6BE 5, A FE XS K B o b A Y o
JRmrsE M, BRI T ORE MR | a5 R
TGy £ 4 IR K 7 G AE 4 CCYR R I 45 & M #h B A= 1)
Jiie Stk AR AL, R B ™ A I HIS S e 5 A W e 7 o
B B R AR IPUR A SRR BOA X AR TR a2
200 /MEEAH 9 BN TG RUSTAL, SGeitar, &
WENEEH BV R GRS 3.97~6.43 mgkg, b
LATERYNT 1, KIS TR, B arEmsbT 24
Py e 1y L i T 0 R R — B, (SO — S i
HIS FIfgHEes T HE FEs, ilan, M. 68 —HNE
SRLE HIS B ANEAEBAL <50 mgke, /Ki-itth HIS<
100 mg/kg!"; T GB 2733—2015( il 24 [ Fbnife &
G ) FRE, B HIS 128 HIS<40 mg/100 g,

HAhfa2s: HIS<20 mg/100 g, ZABREGE—brukiy ™
PR K i A e A A B IXURS: (1) RGERF A

T 5 DO T PR, WA RN B 2, BEE R H
H 5R S W R L R M ) PR A e AT A B TR W
9 Ko, FRAEHEAK ™ i BT e B AR T . DR, R T
T A8 A SR K™ i v A B 2 e I AR O & HILS G
T 10 RS, AR 5 4D 2ok 7 4 R R RO €83 - R K
i (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)X} 2022 4 387 #itifgK
IR 14T A P B EA TR DA A3, XS HIS P25 ST
JRE £ AU DA, LA A Jin R 7K 57 it v 5 28 A e g PR,
PRAEf e DL B A 50 w48 AN R AR 8 B 1 BB A MK ™
e s Y S

1 MR5RE%

L1 #HE5F

ABFFERT R 387 ANUEAK ™ B FL il R B g R A
19 B AT MR AT, sl 337 4 IR 20
By« ALK i R b 30 4y, AR SRR R AR 4 IR
AR BRI,

PEA. HIS. TYP. #ffiJfi(octopamine, OTP)(#lifE =
98.5%, ff[# Dr.Ehrenstorfer GmbH /3 #)); PhEt.SPM ,SPD
Z B i (dopamine, DA). “KJli(benzylamine, BA). AT Ji¥
(agmatine, Agm). CAD(ZiJE¥ =95.3%, 3&E CATO A7);
TRP. SHT. PUT. 41}%-D4 (histamine-o, a,8,5-D4, HIS-D4)
1,7- — & 3£ B# %t (1,7-diaminoheptane, 1,7-DMP)( 4l fif =
97.5%, £I[5 Sigma v ul); HEE, 2N . IECke(Eigal, 75
Merck AH]); FR[kaE, Flh T () A R
F)]; SEB K (— Bk, 3 Millipore 23 7).

12 {HF5RE
AB SCTEX 4500 i (3E[E SCTEX A H); Mettler

MS1602S+RS-P26 B 43 Hr KV-OFs B H 43 2 —, 26 [ Mettler
Toledo /A F]); BC-1000 &G REER G #5 (T ERYIE S 4



oM

RBHEAK, S5 2022 430 FE A K ™ i o A P g 1 e £ JRU RS A 131

HARABRAF]); DTA-33 A SR (P L B 2 H]);
UNIVERSAL 320R =R R&.OHL(TEE Hettich 23 A]);
AutoVap S60 TUZHE L A B AE{L(SEE ATR A F]); Waters
ACQUITY UPLC BEH Cs#:(2.1 mmx100 mm, 1.7 um, 3&[&
Waters 23 )
1.3 WHE
131 EEH

B s b s IR miss i g IR, IR A A
TR EPE 2 SN W I B R AR AR H S M
4500 V; BT : 550 °C; F54k A (nebulizer gas, GS1):
50 psi; fiN#S (heating gas, GS2): 50 psi; ‘<7 <.(curtain
gas, CUR): 25 psi; flif# % A [ H H(entrance potential, EP):
10V, BUESEILE 1.

{435 514 Waters ACQUITY UPLC BEH Ci5#:(2.1 mmx
100 mm, 1.7 um); #7630 °C; R 5.0 uL; Ji# 0.2 mL/min;
TEA A R 0.2%H KR, B B L I; BREEVRME
FEF: 0~2 min, 10%~50% B; 2~3 min, 50% B; 3~4 min,
50%~10% B; 4~5 min, 10% B,
132 #fseari#E

SRAELL F R SERE S IV R ] S 2, R IRUNLIA
LTSSy, TS s S BRI R A 5 K, IR
BB AT, $ask Lot TG A SR AR R 5T K -
IR IE AR B R AR AR A ], 7 RVEA T AR BRAGIN

PEHC: FREL 2.0 g #Edh 2 50 mL T B L&, AR
YR 100 ng/mL RS NARR ST I, A 2k
JEF, FIIA 0.2%H R HBE 10 mL JE 742 HL, W€ 10 min,
1R41, 10000 r/min &0 10 min, BH R FIAGRIEY

FIA 0.2% H R FF B 10 mL #5¢ b AP BROEA 750 2 IR, &
I FIE W, 38 CCE ML T,

Hik: H 10% KT 0.2%F IR HEFER, ©RE
1.0mL, filA 5 mL IEC %%, ¥ 2 min, 10000 r/min &0
2 min, BUT)2MERL 0.22 um AHUMILILIER S B 26
e, Fl UPLC-MS/MS BEA AN 43T .

1.3.3 AR R B

WERRFREL 14 Fhob W e B AR 35 2, 4 4
0.1 mol/L HCl % f#, LIRS E 10 mL, il i — & e
BEBIGE 0 Ay R BUE B 14 Rl Yk 4, T
il I F e BE A 100 pg/mL B9 TR A b ofE B (6 VA W, 7
TIPSR EE N 100 pg/mL A9 14 F A PR & Hh (B AR (s
FAWW 0.1 mL, ZIEMBSER 2 10 mL, FCil a5 o vk BE
£4 1000 ng/mL V-5 ARvEfl FRVE IR . UGS RE 2 R FRY)
TEA, T BV BE Sl 100 pg/mL AR G P % Hh fa) AR
RV, P 2 PR G P Hh (D AR HE S PV 0.1 mL,
CIEMBEELZE 100 mL, il B i vk B 29 100 ng/mL Vi
A PIBRERE S TR A bR o T RS 8 F—18 °C
UKFR V2 LIRAF o
14 BERXKREETMG

AN 387 AEAKFEEL R 14 FhA RIS TR,
A3 K 7 i HR A i A O e A A A R KU,
ISR FF XU 75 15 (hazard. quotient, HQ)RFHEZK 7 i H G B 45
RECE N HIS HEATIE £ 28 KBS EAL . HQ #5718
KA T A e 4 AU 1 KD, B/ kil 2o £ i /K
FEER A HIS %F H A {115 (estimated daily intake, EDI)

54 H % KT 32 3 A & (provisional maximum tolerable

R1 14 HEMEREK 2 HRTINRIES K

Table 1 Mass spectrometry parameters for 14 kinds of biogenic amines and 2 kinds of internal standards

(azg?] % F4 11 18] /min BT (m/z) A (m/2) SEPE(m/z) i fE /v LRRAIE/NV PIARE
PEA 1.47 122.0 105.1 77.0 20/24 30/42 1-7-DMP
PhEt 1.45 122.0 105.1 79.2 11/28 10/10 1-7-DMP
TRP 1.54 160.9 144.2 115.1 10/20 27/27 1-7-DMP
SHT 1.56 177.1 160.1 115.1 10/35 10/15 1-7-DMP
SPM 1.06 203.0 112.1 84.1 25/35 65/65 1-7-DMP
SPD 1.07 146.1 72.1 129.1 18/14 40/40 1-7-DMP
PUT 1.07 89.0 72.0 48.2 16/20 35/35 1-7-DMP
CAD 1.06 102.9 86.1 69.0 14/22 27/39 1-7-DMP
HIS 1.06 112.0 95.0 68.0 20/30 52/52 HIS-D4
TYP 1.43 137.9 121.3 717.0 12/38 42/42 1-7-DMP
OTP 1.32 154.2 91.0 107.0 22/31 18/11 1-7-DMP
DA 1.30 154.0 137.1 91.2 12/29 42/40 1-7-DMP
BA 1.45 108.1 91.1 65.1 15/14 10/10 1-7-DMP
Agm 1.10 131.0 72.2 114.0 17/12 10/10 1-7-DMP

HIS-D4 1.06 116.0 99.0 59.9 20/12 40/180 1-7-DMP

1,7-DMP 1.06 130.9 114.1 55.1 20/13 65/65 1-7-DMP
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daily intake, PMTDDZ Lt #R¥E (P EERERSEMR
ARBEHE (2020 4 ) 5 HRh ELEE B TS ) S SCikdiE
W N SR 4320, 43 LA . F A AR

Horb, JLECR 5 205 H PR i AR I 253 g/d,
R 30 kg; FHFAEFVER 69.3 g/d, K 63.1 kg, FHFAELME
I 55.7 g/d, 1A 60.1 kg; EAT N 81.6 g/d, 1A 61.1 kg,
BAELYER 61.0 g/d, KT 54.9 kgt "2, HE AR
F2)o

CxK

EDI=— 1)
bw x1000
EDI
HQ = 2
Q= SMTDI @

o H: EDI N4 H AL, mg * kg7l cbw'e dﬁl; C MFE
A AR W R SRS, me/kg; KO A HH $E,
g/d; bw HIRTE, kg, 24 HQ=1 B}, FRFEFEN:, 24 HQ<1

W, FRToREE; B HQ BUE 5 XK MIE o

1.5 HIEALE
SEIGRUE R A SPASS 22.0 B9k 8, 15
WHCH 2 ¥k, 8] OriginPro 2019b #4724

2 HER5H5H

2.1 EKFERBPEYRRRRNLE R
2.1.1 K E S 14 FF A M BeAb w6 AR L

Xof R 387 HLUFAK 7= i 14 b A B B A A G )
Mr, MR 2 AL R M X A W G H A S 3 S
[, ¥ (EE R R %A SPM, SPD, HIS fll PUT %,
Horp, 14 FhA Yl A 4552 K (B <2.5 mg/kg, 738 4
K ETE 2.5~50.0 mg/kg Z A, 129 M H{ETE
50.0~200.0 mg/kg Z [H], 41 K H{H>200.0 mg/kg; 1947 B

F2 TEMXEK=RPEE 14 FEMBRE S AEER

Table 2 Overall situation of 14 kinds of biogenic amines detected in seafoods from different regions

R R Q) N T R NS
2] b
<2.5mgkg  2.5~50.0 mg/kg 50.0~200.0 mg/kg >200.0 mg/kg  /(mg/kg) /(mg/kg) W
A 2 28 0 0 0 2.248 0.101 SPM. SPD. HIS
e 6 66 12 2 4 1245.136 38.465 SPM. SPD. HIS
BT 7 9] 7 0 0 33.784 0.896 SPM, SPD. HIS, PUT
bicnli] 24 281 45 2 8 10819.835 55.248  SPM, SPD. HIS. PUT
A& 56 653 107 22 2 396.752 5.334 SPM. SPD. HIS, PUT,
CAD
B 5 67 3 0 0 38.982 1.212 SPM. SPD. HIS, PUT,
TYP
RI7 12 144 24 0 0 39.975 1.561 SPM. SPD. HIS. PUT
O 32 411 25 9 3 956.693 6917  SPM. SPD. HIS. CAD
SRR 19 236 26 4 0 181.947 4019  SPM, SPD. HIS. PUT
= 17 198 30 9 1 299.374 6.649 SPM. SPD. HIS. PUT.
CAD
k&K 22 261 41 6 0 854.953 10.442 SPM. SPD. HIS
Bytifg 29 337 54 12 3 697.172 8276 SPM. SPD. HIS. PUT,
CAD
Birp 4 49 6 1 0 69.853 2.871 SPM. SPD. HIS
=3 60 708 116 12 4 5,854.353 11.940  SPM. SPD, HIS, CAD
BE 8 90 19 1 2 1357.018 17218 SPM. SPD. HIS, PUT,
CAD
T 35 425 86 17 4 1359.621 14905  SPM. SPD. HIS. PUT,
CAD
XE 38 386 113 27 6 2563.075 19.032 SPM. SPD. HIS. PUT.
CAD
Fieil] 6 57 18 5 4 1194.107 40.522 SPM, SPD, HIS, OTP
Il 5 64 6 0 0 31.086 1.843 SPM. SPD. PUT
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14 T Wi G B 3ME N 0.101~55.248 mg/ke, ik
>N 2.248~10819.835 mg/kg, ¥ S ny LAY
4 SPM. SPD. HIS. PUT. CAD. &XfH &8, Hf5L.
VB AR 1 XS AR Y e B R R, PTREE R X LA b
X BRI RE A R ES, NI, b T K, 2
DA ., SRR A Jhk, REAS i 20t AT B i
Bl A

ZEIT AR, RN 387 HEAEM TP 17 RS 14 Fp
YR RS EB 1000 mg/kg, BEENTEEN
1040.457~11109.692 mg/kg, itk 4.4%., BWFFEEM, 49
fe— HAE RN E RS m R E S SR AR, 51k
FRIRERET, Jig SILLA-SANTOS Ui, 48 A & AE Wk
it 1000 mg/kg 23/ E G E AMMERE . Bk, H TR
R e S VK™ it A e s B B A XU, XK ™ it
1A T L2
2.1.2  RREAEERZ S PA S 14 F Ak SR

H A2 3 RIS [R) R0 K™ b AR P R RS Hh
SRR 24 SPM, SPD, HIS, PUT, CAD %,
FHorp, a2 14 Fh A W MeAs 15 R h 10819.835 mg/kg,
SEHIE N 13.253 mg/kg, A 38 M HH{E>200.0 mg/kg; R
Ho14 R R KM 3006.578 mg/kg, F-HIE N
25.060 mg/kg, A 6 M HI{E>200.0 mg/kg; A K7
b B S 14 B AEYIRER R BRAESN 636.959 mg/ke,

SEYIE A 5.083 mg/kg.

X HRB, Kl 14 FhAE YRS B R R ARAOK
FAak, IRz, X 58 ERPIIF R 45 AR . ol
B2 0 200G 2R W e e AR T IL A E b, T B 2 AE S S AR
L B AR R B A A R BRI R RIR A, Rk, A0
FAE—ERE I T A WA 5P AW S B
T OLRAR I, Ay D0 48 96 K 7 i m A 0 e 1) 2 R XU
PEALHES AR
2.1.3 K& PR 4 R L

MRARGE TR K™ S R HIS 60 i R A 10 4% 1
R 4), WA 19 R H HIS M KEN
0.005~279.394 mg/kg, VY& iR 0.002~50.095 mg/kg.
A 218 AFE S HIS # i <2.5 mg/kg, 133 MHEES: HIS &
W AE 2.5~50.0 mg/kg, 34 RES HIS K {E 78
50.0~200.0 mg/kg, 2 MAF i HIS & H{E>200.0 mg/kg.o

FRE M E HIS FREARMESE 200 mg/kg, &5 HIS a2
(Fln: #aeh, B F73efm, B, iR, Siofa. B
Tl Dhlgfa GRS T 0 L1 IR K )2
400 mg/kg. BRM . 5EEFIR AR 2 HIS 5 N R4
PR <50 mg/kg, W HERG 4 Ve VR 7K™ S 7E AT
AN B 3 i A — o KUK A, o X5 B AR P S AT,
WK P=RICAEAI, HIS A& & m T HALA Y, K=
s RS TR R A, R £ 2 5 XU A 1

®3 TEI#IEGK=RPEE 14 FEDRRE S AIER

Table 3 Overall situation of 14 kinds of biogenic amines detected in different types of seafoods

Ak o ) B A S
<2.5 mg/kg 2.5~50.0 mg/kg 50.0~200.0 mg/kg >200.0 mg/kg /(mg/kg) /(mg/kg)
2 337 3681 696 121 38 10819.835 13.253
LIS 20 243 24 7 6 3006.578 25.060
A AT 30 318 12 0 0 636.959 5.083
vt S L
F 4 TREIMXEK RSP HIS EUE 2B
Table 4 Overall situation of HIS detected in seafoods from different regions
- o L) EONI i
<2.5 mg/kg 2.5~50.0 mg/kg 50.0~200.0 mg/kg ~ >200.0 mg/kg /(mg/kg) /(mg/kg)
Hb 2 2 0 0 0 0.071 0.056
Piss 6 3 2 0 1 279.394 50.095
L 7 5 2 0 0 33.784 5.787
tisels] 24 17 6 1 0 60.530 5.594
&M 56 27 24 5 0 165.208 16.165
TEH 5 5 0 0 0 0.017 0.006
K7 12 9 3 0 0 5.330 1.591
g} 32 29 3 0 0 4.862 0.431
IRAR 19 14 3 2 0 79.577 11.262
I 5 17 5 10 2 0 79.174 17.711
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WA o A Hm) TON] P41
<2.5 mg/kg 2.5~50.0 mg/kg 50.0~200.0 mg/kg  >200.0 mg/kg /(mg/kg) /(mg/kg)
Bz K 22 13 9 0 0 25.273 5.252
B 29 16 10 3 0 109.634 15.033
B 4 4 0 0 0 1.997 1.277
=i 60 28 26 5 1 246.244 16.451
LIV 8 7 1 0 0 12.058 2.423
Vileh 35 10 18 7 0 75.593 25.444
S 38 15 15 8 0 197.676 25.617
FiAR W 6 4 1 1 0 50.288 12.278
T 5 5 0 0 0 0.005 0.002
2.1.4  REVAPEBAKF b 4B 0 SR L FAFL LY EDI 4 0.00000~0.05405 mg = kg '« bw ' = d, 4

Pl A W R FC A T A i R R S G TR K
R HIS R B BLOILER 5), s HIS K i K
ik 279.394 mg/kg, SEMEH N 24.416 mg/kg; HF2EH
HIS # 5 KRAE M 50.871 mg/kg, “FEHME K 6.535 mg/kg;
A IR A P i K HE & P HIS A H e KB 1.997 meg/kg,
SEHIE K 0.464 mg/kg.

ZG T R B, ANFEIRN I K™ b HIS 3 {H B
KBV 0 2ESUR > FADE K™ i B LT 5 o X T e
HY T F N L A S K ™ o 5 S R 5, i HIS 5 6
LI T B R A DG, A AN 5 i sl T s, A A5 e 1Y
NFEE L, P24 HIS A thi £,

22 SEKFER AR R RERRITE
221 ARF) R R R A 20 1) i K 7 o 20 B 6 BEA AR
R A

HIS S2AE YR st e R, BRE L 251 SRR
W EEHLAE HIS 5 AR AL <50 mg/kg, BRI G 42)R
AR AR LU A REE S HIS 7 T KPR, IAh
AR HIS 2S5k 50 mg/ke, EUL, AHF5
L 50 mg/kg h4F H 5 KT 52 A B PMTDI EF 7 (3 52 75 K
B PPAT o R RIS 7o 5 2028 Bt 3sl 2 S DA YA K 7 i o
HIS MIRE RN, S50 6. R 19 M HLEAHIEA
HIS 1 EDI 7 0.00000~0.04225 mg * kg « bw '« d!, F4E4H
B A CHIS 1Y EDI 4 0.00000~0.05502 mg * kg '« bw '+ d!,

ZHFMEEA HIS 19 EDI 24 0.00000~0.06690 mg * kg '« bw ' «d |
SEAFLHACE EDI 2 0.00000~0.05566 mg « kg '« bw '+ d 'y JL#E
201 HQ 247 0.00000~0.00084, 441 HQ 47 0.00000~0.00110,
HAEL Y HQ M 0.00000~0.00134

S5 IR B K™ AR HIS HQ ¥/hF 1,
X} iR NAETCHH S (R U o (R B R, e,
FT . AKX 3 AT R HQ AT R, Xl RES X
JERMKESIRAE S, R, FASESSHNAE RS H
SEREE BRI, @ EDI K HQ AR, Wik, N
LA, JUHJE L A K™ R B, E
Wz T AR (TR ™ i, N M P — R 2K ™
BRI THMR B S5 .
222 RREAE MR S P A G ER R ERE IR

Feta2s | RIS LA™ it S AR R 4 e R
A HIS G R IEAL, W AR R s L
B MBI 7, LA S AR R K= 5
% A HIS (1) EDI 24 0.00039~0.02059 mg « kg ' « bw ' « d”!,
TSR AHIS U EDI 240.00051~0.02682 mg * kg '« bw ' « d,
FAE 2 PR EDI 24 0.00050~0.02634 mg = kg ' < bw '+ d!,
AR TP AHIS FUEDI 70.00062~0.03261 mg « kg '« bw '« d,
BAELHAMH EDL 4 0.00052~002713 mg + kg L e bw e d ! JL
) HQ A 0.00001~0.00041, F4HY HQ & 0.00001~
0.00054, Z4 A1 HQ 24 0.00001~0.00065,

5 FAE#HEEK~@mPIEE HIS HREER
Table 5 Overall situation of HIS detected in different types of seafoods
% - Q) N B 2t
h FE i

<2.5 mg/kg 2.5~50.0 mg/kg 50.0~200.0 mg/kg  >200.0 mg/kg /(mg/kg) /(mg/kg)

R 337 164 143 28 2 279.394 24.416

LIS 20 14 5 1 0 50.871 6.535

oAb K™ i S

30 30 0 0 0 1.997 0.464

FLlil by
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XBJERR, F: 2022 AFE R A HE /K™ bl b A= 1 14 2 AU

oM

I
100000 750000 100000 790000 100000 050000 100000 150000 100000 6£000°0 YO0 HI WL
NEMH
S1000°0 9TL000 L1000°0 €L800°0 ¥1000°0 S0L00°0 #1000°0 81,000 110000 165000 GEs9 el
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