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FEE: ANPGRS 3 b IX AT A A AR AR IR | KRR | I RS AR R 4 R B
HEATIAE, T n] 1 e B R R L At B SRR T T A T PR KUK PEAN . TENRITIRAL NS T, 76 3 ML AT
B eI 22 AR IR, s A [E I 5E F8 4 (hypercholesterolemia index, HD/3 9 dbi 13.11., WYL 14.09, T4
16.64; S5 kAL {15 % (atherogenic index, AD)ZM 0.49. 0.49. 0.56; FMAEH W35 E (thrombosis index, TI)J3 514
0.62, 0.75. 0.81. TE/KMFAIERRA LTI, 75 3 ASHUK AT 185 B Avrh 8y 17 Mok @M, B 25 & i (total
amino acids, TAAY/> I 0ALHE 159.70mg-g™ |, VT 155.97mg g™, T 161.49mg g™, HLIC W #2545 R A EHA 44y
A T A 412 (Food and Agriculture Organization of the United Nations / Word Health Organization, FAO/WHO)IF-/r =, LI
R4 (amino acid score, AAS)FIML2E1F43(chemical score, CS)MARMERT, 3 AHBIX T O 44 B HAOSE — . 25 —BRHIMEE
SERRYY T N R AR + MR . WUETR; 735, ils AL $ (essential amino acid index, EAADJ} 324 11.14, 10.62, 11.37,
V] 3 /Nl DXCAT 11 e it B T VRS BRAR B B R TR 2 IR Ny T, JUiE T AR R 15 bR E AR, WA
TAEN] 4R B RIS 16 Pl (R, Vs IR A B iR 25 R W (p < 0.05); AR B SR B {H (taste activity value, TAV)4)
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A ZRA TS YR B (PR, JLiEHb DI T 1 5 it i o 4 i 1 Yo T 8 B TS Y B BOK T, £33 TS YR EICh 0.96; T
RNV ] 1 A R U B S R AR TS B, SR AT EE 1 < P < 23 3T DR U B —E B R e R
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Abstract: To evaluate the nutritional value, taste activity and health risk, the content of fatty acid, hydrolyzed amino acid, free amino
acid and heavy metal in Phascolosama esulenta from Beihai of Guangxi, Zhanjiang of Guangdong, and Ningde of Fujian were analyzed.
Twenty-two types of fatty acids were detected in these three regions. The hypercholesterolemia index HI was 13.11 in Beihai, 14.09 in
Zhanjiang, 16.64 in Ningde, the atherogenic index Al was 0.49, 0.49, 0.56, and the thrombosis index TI was 0.62, 0.75, 0.81,
respectively. There were 17 hydrolyzed amino acids in each of the three regions, with a total amino acids (TAA) of 159.70 mg-g ™',
155.97 mg-g™', and 161.49 mg-g', respectively, and there was no significant difference. According to the Food and Agriculture
Organization of the United Nations / Word Health Organization (FAO/WHO), when using the amino acid score (AAS) and chemical
score (CA) as standards, the first and second limiting amino acids of the three regions of the P. esulenta are Met + Cys, and Val,
respectively. In addition, the essential amino acid indexes (EAAI) were 11.14, 10.62 and 11.37, respectively, indicating that the three
regions of the P. esulenta can all serve as ideal protein sources. The results of free amino acids showed that the P. esulenta of Beihai
contained 15 kinds of free amino acids, while Zhanjiang and Ningde both contained 16 free amino acids, with a significant difference in
total free amino acid content (p < 0.05). It was found that the taste activity values (TAV) of Glu, Gly and Ala in the free amino acids of
the three regions were all greater than 1, indicating that these three amino acids contribute the most to flavor formation. Additionally, the
heavy metal content analysis indicated that the heavy metal level in Beihai and Zhanjiang was Zn > Pb > Cu > As > Cd > Hg, while the
content of heavy metals in Ningde was Zn > Cu > Pb > As > Cd > Hg. The single pollution index showed that the three geographic
groups were all heavily polluted by the heavy metal Pb, of which Ningde was the most serious. The comprehensive pollution index
showed that the heavy metal pollution of P. esculeata in the Beihai reached the threshold for slight pollution (P = 0.96), Zhanjiang and
Ningde were moderately polluted (1 < P <2). The single target hazard quotient (THQ) and the compound target hazard quotient (TTHQ)

were all less than 1, indicating that there was no potential health risk for adults and children for the consumption of this species. The

results provide a theoretical basis for the utilization and subsequent industrial precision processing of P. esculeata.

Key words: Phascolosama esulenta; fatty acids; amino acids; heavy metal contents

n] O i8¢ 2 W (Phascolosama esulenta), )& 2 R
W11 (Sipuncula) . # 3% 2 44 (Phascolosomatidea) |
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(Phascolosomatidae) . %% 5 i J& (Phascolosoma), +&
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e o N O SIS b R m R . ML
BRLOHRL B ORFNERAE 8 FhE 4 Jm S i A 0 A KRR L
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Fig. 1 Sampling locations
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IKARR 7K 4y, 105°Cla i T 2 fu . P RHARE
3IAEE, | AR 30 Bl DR i E
1.2 A&

1.2.1  RERFBR LA AT

MRIE ( GB/T 22223-2008 &5 BAENG . 1RAIEE
05 () AN I 7 (T2 ) P 0 7 7 fe i B — A 3%
B (P AR N R ) [ 570 o R R 0 A 8 A,
2008), fi w2l 2 R AN A R FRA) -+ — B R H- ik =
(1) 7 I o
122 RABLEHSHHT

G (GB 5009.124-2016 £ 5 & R [ F bR

R TEtE

=l
DIZTJI:IIIL

SRR E ) (TP N RIEFE [E 2 ' i 24
BAEHLEJR), 2016)09 )7 A T 171 f e B o rhoK i
BRI B A IR )
123 ETakk&EnE

SR PRI T i — 41 B 1 v SR 5 55 B AR 1
Kk B )% % ¥ (inductively coupled plasma-optical
emission spectroscopy, ICP-OES)(YUi@I 4, 2023)%F

3ANHBBRER A AT C1 A B R 4 Y S I T AE
1.2.4 ERMALFN
Hg W5 BR VF 4 © >R FH 20 3h Bk ok k¢ 5 1k 38 %L

(atherogenic index, AI)FIEL I #2 I i 45 %4 (thrombosis
index, TI)PFAr Al M1 4 52 i (A BE LA A iy e o Joit

(7T 4%, 2016).
AI=(C12:0+C14:0+C16:0)/(X MUFA+ X PUFA) (1)
C14:0+C16:0+C18:0
2

" 0.5% X MUFA+0.5x X, PUFA (1-6) +3x X, PUFA(n-3)/ . PUFA(n-6)

KA MUFA R FI AR TR (monounsaturated fatty
acid) & & (B : %); PUFA 2 A1 F1 g 15 12

(polyunsaturated fatty acid) & & (P %) o
IRV : 458 FAO/WHO HEFERI P43
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YR P R T4 ] PO B SR S R i B A T A Y
XA 0 SRR R LU T A TR T

FES R R S E(mg-g )

47 (amino acid score, AAS). b2~ (chemical score,
CS)(FEFi 55, 2013).

 FAO/WHO M4 brifi i ol A A S e & Fr(mg - g )

x100 3)

CS=1FFf i = FE TR 25 (%)M B B i A P & B R 5 | (%) 4)
1
EAAI:{(FFﬁ%:kEﬁ‘ [HRE R ) x 100 x (SR /4E IR ) x 100~~~}" (%)

o BAAT R 5 & KL 152 78 %1 (essential amino acid
index); n T 5 H 2 (essential amino acid, EAA)S i
(FRAZ: By, ¢ SRORAE AR 19 0T 1Y 2 BE R % 1 (FRAoL:
mg g ); s TR EE IR IR S8 AN mg g ).
WRIE 5 i {H (taste activity value, TAV)/& SR
TERE A FP Y (concentration, C)(BAfii: mg g™ )5 H:
I3 [ {E (taste threshold, T)(*fi: mg-g™ A HLAE
TAV=C/T (6)
2 TAV > 1B, FORIZEMY) BOME 5 2 RAE
3, BB MR, 2 TAV < 1B, FoRizgmk
PSR Sl B R RE I S (FR R 4R 45, 2022),
125 E&Bk5EFN
KI5 Qea Bk (2 ALHE 48, 2020)PF40 AT
P B i AR LA 4 S 75 et

R= )

K P, o i PSR ATS YRR, CONESE i
SCNEE, S, MIZE &R N m TR L. A P
<02, FRARZHNGYL; 02 < P, < 0.6, £ HRE
159 0.6 < P < 1, FnZBIPEEGY; P, = 1, R
FIEAETGYL, R (GB2762-2022 144 E Z AR
s R E ) (thE NRILAEE KT 0 E
BHLEJR, 2022), Pb, Zn, As, Cd. Cu., Hg HIbRifE
FRAAE 24 0.5, 50, 0.1, 1.0 . 50, 0.5mgkg .
L BLE AT YRR (K 45, 2020):
Pe + P

P= | (®)
o POy AT O A R I A R 2R A TS Y AR,
Poye JAT 52 LA PRI S Ye 85K P X, Proas
R B A RIS P e R R, Y P o<
LO B, EAEITY A IER T ST 4 1.0<P < 2.0
I, RS YY; 2 2.0 < P < 3.00f, AHESY; Y4
P>3.0 0}, HEETGYL,

F A3 E H K A 5 R/ (United  States
Environmental Protection Agency, USEPA) ) f.— &
4@ 16,F Z 8 (target hazard quotient, THQ)fg: FE XU T
FEASRI I TITAE (B AR 25, 2020), THQ ) B4 T :

E.xEyxFp xC,
TR T x0.001 )
X B W ABERGEIIR, — A 365d-a"; Ep ik
FRINTA], — 55T A5, B 70a; Fr N EPIHRAK, )
A EARAR L FAOYGE T, B A LE 1)1
KSR AR N 98gd™ AT FI 6.8gd ™ AT
G WAl e RN &8 0 A S5 i (PR
mg-g); Rep H I IRS % ) (A7 mgkg™), B4R
Pb. Zn. As., Cd. Cu. Hg MY Rep 73510 0.0040
0.3000, 0.0003. 0.0010, 0.0400. 0.0005; Wxg A AMK
SRR, SRR A DA A 2L (WHO) R A A
BIREE N 60kg, JLEE AR Fy 36kg; T HARSUE M
RO HIHE], B 365 x 70 =25550d (X 4%, 2021),

2 THQ < 1 B, MDA e 2 85 AT TC Tt gt B XU
4 THQ = 1 B, MDA E 2 88 N FEAATE (R XU

24 W4 )8 6 F &R % (compound target hazard

quotient, TTHQ)I 14 A ::
TTHQ = X THQ (10)

THQ =

1.3 #iE4bE

H EXCEL A% #1742, DI (E +hr o
23, N SPSS25.0 #E4T B PR Ky 25 40 B AR Sk
587 . KH Duncan [REEVEATEH ] 2 & AR, BEK
F-h p<0.05.
2 SRS
2.1 PBERAERZBRL 53 4R

Jeig . FETAITAE 3 AKX A AT O R R
FRIGALL S anEe 1 Fis o 3 M IX B AT 11 H E
YIEA 22 MBRIHIR, B C12~C23 JRIHTRALAY, 46
11 F AR T2 (saturated fat acid, SFA), 4 Fh A
FRENTR(MUFA)F 7 FhZ AR AIRE TR (PUFA). 1
FUIE I R 32 B M AE R (C16:0) . +-E AR R (C17:0)F1
AR (C18:0), SN 8.25%~22.99%; H A ARG
iR EENIFIR(C22:1n9), F il il 27.71% ., #:
1T 28.55% . T8 31.15%, JCifgH XA T3y i
H X (p<0.05); 22 AN M F i D PR 3 %2 O W 3 R
(C18:2n6¢) Fl — R — M 2 H¥H = (C20:3n3), % &
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N 3.18%~10.06%, HH1 n-3 BIZ A FINITR & i)

B 12.32%., WEHT 8.92% . TfE 8.21%, 257
E (p<0.05); n-6 T Z A M F g R & & 4o ol
520%. 4.46%. 7.81%, &5 W3 (p<0.05); n-3 B n-
6 R HUAE (n-3/n-6)43 50 2.37 . 2.00., 0.99, ItAh, 3
A Ml DRy AT A R U b Rk N A R P R
(docosahexaenoic acid, DHA)(C22:6n3) + —. &k H.%
J#2 (ethernet for plant automation, EPA)(C20:513)f% & &

F1 3MHXTOERERFENAREHRERESE

Tab.1 Composition of fatty acids of P. esculeata of three regions

Oy AL 2.26% . T 1.50% . T 1.95%, T Hb
X @ E AR Tb i A7 2 [X (p<0.05), H. EPA 5 DHA
[ LL{E(EPA/DHA) 5 AL 7.37 . BT 6,14, T1E
7.860 LAk, 3 A DX R 1A 2 o ) i R v I i
1fiLiE 78 %X (hypercholesterolemia index, HI)Z) %] AdtiE
13.11, T 14.09, T8 16.64, EahIkHsRERE LKL
(ADS 51 0.49. 0.49. 0.56, FIMAIEAEEL(TD />
Sk 0.62, 0.75. 0.81,

WG , T _
kit T T
FIRERR(C12:0) 0.09+0.01% 0.09+0.00" 0.11+0.01°
+=HkIR(C13:0) 0.11+0.01° 0.12+0.01° 0.10+0.00°
P 25 R (C14:0) 3.98+0.22° 3.3620.38° 4.64+0.19°
+IKIR(C15:0) 1.2240.10° 1.58+0.09° 1.5340.13°
T (C16:0) 9.13+1.27° 10.73£1.11° 12.00+0.20*
L BRIR(C17:0) 8.25+0.17° 8.99+0.46" 8.41+0.14°
TEARTR(C18:0) 22.99+0.32° 22.59+0.88° 21.64+0.35°
AEAER(C20:0) 1.71£0.09° 1.260.07° 1.27+0.10°
T —RIR(C21:0) 0.49+0.10° 0.700.04" 0.52+0.07°
T TRRIR(C22:0) 0.55+0.02° 0.68+0.03 0.57+0.05"
- =WRR(C23:0) 0.13+0.00° 0.16+0.02° 0.20+0.03°
MR ( LSFA) 48.65+0.70° 50.26+0.38 50.99+0.67°
FFHERIMIR(C16:1n7) 1.66+0.05° 2.19+0.24° 2.35+0.31°
MA2(C18:1n9¢) 3.57+0.47° 4.13+0.50° 4.05+0.25°
A Rk—45(C20:1) 0.54+0.14° 0.48+0.09° 0.69+0.10°
FFIR(C22:1n9) 27.71£1.29° 28.55+0.96° 31.15+0.82°
FUR AR YMUFA) 32.98+0.93 ¢ 35.35+£0.41° 38.24+0.46"
WEIMFR(C18:2n6¢) 431+0.16° 3.1840.70° 6.93+0.43°
i —H(C20:2) 0.85+0.13° 1.05+0.08" 1.57+0.06°
= MR Hh =R(C20:3n3) 10.06+1.15° 7.4240.41° 6.24+0.20°
A= MR H R (C20:3n6) 0.41+0.03° 0.47+0.03" 0.47+0.05°
AE4: DUIEFR(ARA, C20:4n6) 0.48+0.11° 0.810.08" 0.41+0.02°
TR AR (EPA, C20:513) 1.99+0.14* 1.29+0.21¢ 1.73+0.04°
T RN IETR T ER(DHA, C22:6n3) 0.27+0.03* 0.2120.02" 0.22+0.00°
Z AR IR ( Y PUFA) 18.37+1.31° 14.43+£0.41° 17.57+0.63°
SPUFA n-3 12.32+1.10° 8.9240.56° 8.214+0.22°
SPUFA n-6 5.2040.14° 4.46+0.10° 7.8120.05
SUFA 51.35+0.87° 49.78+0.72¢ 55.81+0.55°
EPA+DHA 2.2640.16" 1.540.22°¢ 1.95+0.04°
EPA/DHA 737 6.14 7.86
n-3/n-6 237 2.00 1.05
SUFA/YSFA 1.06 0.99 1.09
SPUFA/YSFA 0.38 0.29 0.34
HI 13.11 14.09 16.64
Al 0.49 0.49 0.56
TI 0.63 0.75 0.81
1 UFA R ARG D72, HI 257 5 A B R MR FE EL(C14:0+C16:0); Al FR BB Ik RERILFE R0 T1 R MATE BFeE. AR Firstt
FORH] 22 57 B3 (p<0.05)
2.2 KBSEBRHIAK ST (F 2), 0I5 7 #b7E & FE PR (essential amino acid,
221 AKFREIRER A ZE R, EAA). 3 i b 35 Z HE PR (half essential amino acid,

FRKARALBE, AUIE . WA TR 3 b )
92 R ARE LY R R DN 17 BhOK i A TR

HEAA). 4 Fh&EEE S FLHR (delicious amino acid, DAA)A
3 FPAEL T F LR (non essential amino acid, NEAA).
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3 ANHLIXOKff R S R OB B M, AR
(total amino acids, TAA) H /& 2| K 4K & b T 18
(16149mg-g’) . It # (159.70mgg™) . T
(155.97mg-g"), EAA 1 & # MK &K & H 7 4
(49.6mg-g) . dLIF(48.07mgg™) . VL (46.34mgg ™),
DAAGLIE KA . wEl . HEmR . WAR) &
Mo B R K ) kT fE (71.37mgg) L kT

B e

®2 3MEXATOEES AKBEEREAMEN: mgg)

(70.03mg'g"). db¥#E(70.00mg g"); HEAA £ &2k
VR DX R (26.37mg-g "), TERYT L DX s X5 A
[ (24.53mg-g ") 3 /X AT 14548 2 sl fRBE LA v
EAA 5 TAA BLLEE, B BRI T15(30.77%) «
bR (30.10%) . JHYT.(29.71%); EAA i NEAA L
AT BMIRAR YR A T 18 (44.45%) . LT (43.06%) . T
(42.27%).

Tab. 2 Composition of hydrolyzed amino acids of P. esculenta of three regions (unit: mg-g™")

KA IR B[ T T
RAEGE Asp 16.2342.19° 15.63+0.07° 16.3340.04°
R Thr' 7.57+1.132 7.30+0.35° 7.67+0.14°
225 Ser 6.83+1.13% 6.40+0.07° 6.80+0.14*
BEM Glu™ 26.47+1.03° 26.30+1.06° 26.47+0.35°
HAEm Gly™ 14.60+2.69° 14.90+1.67° 14.37+1.34°
AR Ala™ 12.70£1.91° 13.50+0.85° 14.20+0.21°
AR Cys 1.10£0.14° 1.07+0.14° 1.2740.07°
HEIR Val' 6.04+0.62 5.70+0.14° 6.17+0.07*
HH R Met” 2.33+0.49° 2.17£0.49* 2.3740.26°
SRR e 5.37+0.78 % 5.27+0.28° 5.67+0.07°
ZLR Leu” 11.93+1.63° 11.57£1.13° 12.27+0.14°
R Tyr™ 6.80£1.41° 5.83+0.35% 5.63£0.14°
TR Phe 4.53+0.64° 4.20+0.14° 4.6740.07°
MR Lys” 10.30+1.20° 10.13£0.92° 10.87+0.14°
2H %% His™ 2.27+0.42° 2.17+0.07° 2.53+0.01°
KE R Arg” 17.3043.18° 16.5342.26° 16.3740.64°
&R Pro 7.33+1.06° 7.3040.99° 7.83+0.21°
FAR G TAA 159.70° 155.97° 161.49*
AR IR EAA 48.07° 46.34° 49.69*

R EIERR NEAA 111.63° 109.63° 111.80°
Pt AL HEAA 2637° 24.53° 24.53°
BEBR 2 AEIR DAA 70.00* 70.03* 71.37°
DAA/TAA (%) 43.83 44.89 44.19
EAA/TAA (%) 30.10 29.71 30.77
EAA/NEAA (%) 43.06 4227 4445

T FORLT RS, " FOR P AL TR IR, IR SRR . ARIF]_L AR R R A R JE 3 2 5 (p<0.05 )

K g BRI BR I A
HRYE FAO/WHO Z IRV br A =0 F 3 2 3
2 7 3 (AAS) . L 2% 1T 43 (CS) I b 75 42 Jk R 45 X
(EAADPEAT 3 A~ Hi X AT 11 #3E E HUARE LD ()78 57 b
B, ZERANE 3 s, M AAS TRAMKFE, dUigal O
PR 0.10~0.19, HITAT DHEFEE B 0.09~0.19, Tk
AICTgE AL HL 0.10~0.20; 3 /NHBIX AT 448 A2l A SR
— BRIV R Y SR AR+ R, 25 BRI M
BWRRAEETR . B CS MERTFabRiERT, Jbifgb X w]
P R L 0.06~0.16, VT Hb X 1) 11 5 48 B it
0.05~0.16, T FEHLIX Al 4 A i 0.06~0.16; 3 b
DX A] 1 4 A s — RN BRI IR 5 AAS T
IYROLE AR . ARYE EAATFEEAT 0, 3 4 X = 2]
AR T8 11.37, dLifE 1114, YT 10.62, BT

222

] A R USSR
23 HEISEREARS W

HI 4 ATHL, JUHERT DO ge i A 15 Al
SR, T AR AR, BLA O R RS
16 FhiffE B S LR, oM, TAEn] e B iy
16 FhiiF 2 MR, TTHERR. 3 AHbIX AT 1 4 5 il
Uie i GBI 1 AT A 0 25 25 57 (p<0.05), i i = BIK
WU YT (9.08mg g ™) . T 8 (7.94mg gy . b
(4.85mg-g "), fif | FFWR AR LR FEARE KL AR
(Asp). FEPR(Thr), 2% R (Ser). AR (Glu). H
ZIMR(Gly). WM (Ala), Iz Proydt 7 Fh, HAoHE
= FUERAR U ET(7.95mg g7 . T %(7.07mg g ™).
ABHE(4. 1 1mgeg ™), SEVTRN T FE 4 X 5055 8 T X
(p<0.05).
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Tab. 3 Evaluation of essential amino acids of P. esculenta of three regions

IR FAO/WHO -4 M Lty L EAL
AAS (& AAS (& AAS CS
JNE R (Thr) 250 292 0.19 0.16 0.18 0.16 0.19 0.16
HER(Val) 310 411 0.12 0.09 0.11 0.09 0.12 0.09
FERIRAEAR (Met+Cys) 220 386 0.10 0.06 0.09 0.05 0.10 0.06
St AR (le) 250 331 0.13 0.10 0.13 0.10 0.14 0.11
SERPR(Leu) 440 534 0.17 0.14 0.16 0.14 0.17 0.14
TR LA Z 2 (Phe+Thr) 380 565 0.19 0.13 0.16 0.11 0.17 0.11
#ER(Lys) 340 441 0.19 0.15 0.19 0.14 0.20 0.15
EAAI 11.14 10.62 1137
F 4 3NMMEXATOZEERFEREREM TAV E
Tab. 4 The contents and TAV of free amino acids in P. esculenta of three regions
e AR sy OROR \ Afimgg) _ _ TAV
(mg-g™) JLifg T T Juifg T T
RAZR Asp B (+) 1.0 0.44+0.05° 0.74+0.01* 0.47+0.05° 0.44 0.74 0.47
JREIR Thr it 26 0.14+0.03° 0.15+0.05" 0.13£0.02° 0.05 0.06 0.05
225K Ser fi(G3) 1.5 0.10+0.04° 0.12+0.04* 0.05+0.00* 0.01 0.01 0.03
AEIR Glu fitf (+) 0.3 0.61£0.16° 0.91£0.11* 0.60+0.03" 2.03 3.03 2.00
HER Gly iG] 13 1.7740.06° 2.93+0.21° 2.3340.15" 136 225 1.79
NERR Ala fit(+) 0.6 0.94+0.01° 2.17£0.23" 2.43+0.12° 1.57 3.62 4.05
R Cys AR () ND — 0.200.07 — - - -
W Val A 0.4 0.08+0.02° 0.11£0.03* 0.06+0.01* 0.20 0.28 0.15
HERR Met SRR (=) 0.3 - - 0.05+0.00 - - 0.20
SRR Nle (=) 0.9 0.03+0.01° 0.03+0.01° 0.02+0.00" 0.03 0.03 0.02
SRR Leu (=) 1.9 0.10+0.04% 0.10£0.03* 0.13£0.05" 0.01 0.01 0.07
fix /R Tyr () ND 0.16+0.00° 0.09+0.02° 0.10£0.00" - - -
FINZR Phe (=) 0.9 0.09+0.00 0.09£0.00" 0.13£0.01° 0.10 0.10 0.14
%R Lys (- 0.5 0.15+0.05" 0.27+0.04* 0.12+0.05" 0.30 0.54 0.24
ZH %2 His (=) 0.2 0.05+0.00" 0.110.02° 0.13£0.01° 0.25 0.55 0.60
KR Arg A () 0.5 0.08+0.01° 0.09+0.04° 0.08+0.01° 0.16 0.18 0.16
I %2 Pro A 3.0 0.20+£0.01° 1.10£0.18" 1.07+0.06" 0.07 0.36 0.35
IR TAA 10.30°¢ 8.47° 6.58"
fif E R AL TR 4.11° 7.95% 7.07°
TR AR 0.74° 1.13° 0.87°

VE: ND SRR B EARK D] — R AR . TAV: BRGER BB A8 L AR RER R ] 225 1.3 (p<0.05)

AUV AT 1A A R A% O SR R R i
MRt RSB TAV MK/ NHET o RETR(2.03) > A
AR(1.57) > HAR(1.36) > RARR(0.44) > =R
(0.33) > HER(0.25) > A2 #2(0.20) > K52 R(0.16);
T R EME N : WEIR(3.62) > BATR(3.03) > HAE
2(2.25) > RAREFR(0.74) > HEFR(0.55) > HiE MR
(0.54) > i B2(0.36) > HE W2 (0.28) > K& W (0.18);
TTEMHET N Wi (4.05) > BH&R(2.00) > HETR
(1.79) > K& (0.74) > A FR(0.55) > WA
(0.54) > Jifi Z W2 (0.36) > #jl % 2 (0.28) > i & R
(0.16).

24 BEEEAESHEEN
241 EEBEFTHAE

Zead e . T, TE 3 LX) AT R

HRE LA TR 5), S5 ER, 3 MUK Ay AT 1§

ERANESE Pb T EHME TR EREME
(0.5mg kg "), #4350 JLIRF0.85mg kg "), HE
TL(1.99mg kg ™). THi4.06mgkg™), HEJE As i
18 T BR R AR R (0. 1mgkg ™), 8 AR 3 B
0.38mgkg' . 0.75mg-kg™ . 0.98mg-kg™'; ALY HE
SR EYEA B ESEREEE., S EE
g VLAY AT AR A AU N & SR TR TRk
I Zn > Pb > Cu> As > Cd > Hg FYRLEE, 17 T 15
X 4R S BN Zn> Cu>Pb > As > Cd > Hg.
242 E&EFHEIFN

B PSR O TR A R (R 6): dhifgnT
RREBZHNESE Po WEETGR®P, > 1), As (B
15Y0.6 < P; < 1), Zn Fl Cd R ETGY(02 < P, <
0.6), Cu, Hg #4b T IEH H 5K (P, < 0.2); LA M
Fo R 2R 4R Pb Al As I EE IS YL, Zn RS
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Tab. S Levels of heavy metals in P. esculeata

4B S/ (mg-kg ™)

SRR
Pb Zn As Cd Cu Hg
it 1.35+0.03 10.23+0.20 0.48+0.05 0.2520.02 1.38+0.25 0.04%0.00
PRI 2.490.30 7.4420.44 0.85+0.09 0.06:0.01 1.150.09 0.02+0.00
T 4564021 15.23+1.10 1.08+0.11 0.08+0.02 5.62+1.61 0.030.00
PR AR UEAT (mg ke ™) 0.50 50.00 0.10 1.00 50.00 0.50

*o6 ESRBRTHIMEBMESSRIEN

Tab. 6 Single pollution index and integrated pollution index of heavy metals in P. esculeata

BTG YRR P

RFE R LERTTUAREUP)
Pb Zn As Cd Cu Hg
ritg 1.35 0.20 0.96 0.25 0.03 0.08 0.96
T 2.49 0.27 1.72 0.06 0.02 0.04 1.28
T 4.50 0.30 2.10 0.08 0.11 0.06 1.69
154, Cd 1 Cu. Hg &AL T IEH 5K 7480 1 243 &AM ERGIEN

W R R FE 4R P A As IEJE IS YL, Zn B
154, Cd Al Cu. Hg I FIEHE TR SR L
A, 3 MBI AT FE AR Az B AR P Y E
Toye, Horber fh X Bk ™

HERG AT YA BN R B /R (% 6): L]
FUAE R RTS8 500 0.96 (P < 1.0), HEE RIS
Y R BE TG YLK VTR AT O A R s
TSYLIEBU R 128 1.69, H52 3T 4 | 1 TS
Y(1.0<P < 2.0),

®7 TRMEFAFTOERENESRARREARY

R4 3 AN MR n] 4 S AR P A T4
J& - A R, X BAR S E REGHETITEM
(E 7o iR En: L HEYT X RN As >
Pb > Cd > Hg > Cu = Zn; TfEH1 X R K As > Pb >
Cu > Cd > Hg > Zn, HIR, 3/HuIX AT 558 2 T
PB4 REERRETHQY/NT 1, E4EEIRG
FRZBUETTHQWYEI/NTF 1, WS R KNS ZIL
B R T %2 A S A N AR
TeFR AR, RO 2 b

Tab.7 Target hazard quotients of heavy metals for different geographic groups of P. esculeata

W 4R fEE R B(THQ)

N 4 B AHESGEAER(TTHQ)
Pb Zn As Cd Cu Hg
ity 0.051 0.005 0.240 0.038 0.005 0.012 0351
A L 0.090 0.004 0.430 0.009 0.004 0.006 0.543
T 0.171 0.008 0.540 0.012 0.021 0.009 0.761
bt 0.056 0.006 0.267 0.045 0.006 0.013 0.393
L3 L 0.100 0.004 0.470 0.010 0.005 0.007 0.596
T 0.190 0.008 0.600 0.013 0.023 0.010 0.844
H—H 8 EAEXT TTHQ MITTRLR, £5HIX 3 he
WNFLE AL, DL ], At X 3 AEMXAOZEEEREMBARSITSSE
BUERER/NEF l7 As > Pb > Cd > Hg > Zn = Cu, i T

HAEE As. Pb. Cd MY LB 4> 514 68.38% .
14.53%. 10.38%; WEITHLIX K As > Pb > Cd > Hg > Zn
= Cu, Hr1 As Fil Pb I LLGI 55000 79.20%. 16.57%;
T X A As > Pb > Cu > Cd > Hg > Zn, " As il
Pb MY LB 51N 70.96% ., 22.47%. X iEBHLEILIAE AT
Fae B iR IR RES R As, Pb A Cd J& 8 KT
2 IR T LK. As Fl Pb 2 RS TE .,

NRIGTRTE AR & HEE AT VER, 2hLik
M EE R R IR —, WG R SRS £
SEJURL . TRIEE, JULPR I s TR 8 2L RN it SR 5
LA PRI 5 Y B 2 PR R (X e, 2022a), AN SE7ETL
VW TV 3 M X AT e 5L e PG 2 38
22 FARHTIR, A [ H X A 14 5 AU As R &
IR J T 15(50.99%) > HEIT(50.26%) > JLiE(48.65%),
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P A P2 DX ) ] AR B ) R R I R 7R
WrER R . 340, 3 AHBIX AT O3 2 s i RS A iR
#h =2 AR (C16:0) . T -LARIR(C17:0). B 5L
(C18:0)2H 8., FEMHTR (C16:0)4 F| T84 # 4 R BE 1
KA, PRI R A AT sh kR REaE AL, +-E iR
(C17:0)n] LAFE 5 6 2 38 SO, B AT IR 1) XU
Yol /D RO I AP Y XU, A TR (C18:0) % T Il i rh
JIE [ B T B E R (BT R B 45, 2023), ik, & H]
X 3 ANl XA AT AR HOR AN AT DA REAR R i
PR ARG, B XTAILIAR 2B K & B R — o PR
o FFERER(C16:0)+ A LR (C14:0)Z FIHE B = A [
P I E 5 A (HT), Horr C14:0 ] A5 508 Jin iy 375 A [ s
£ (Paszezyk et al, 2022), 3 NHUX A] 14548 B dL HI
18 K /NHEF T 5 (16.64) > #EVT((14.09) > b
(13.11), JbifgHb X HI (EHAR, SOHE T T AT
Hb DX, £ A b AT 1 A A TR RO il A
33 118 XSS B /70N

AN IR R (unsaturated fatty acid, UFA)7E AR
RS shp g FEAE ), AT LA SRR v Hh 4 AR [
it 5 i R I/ AR B RS BRFPE, T 7K R 2 DA AR AR D
N IR 1) E R IR (FE BN AT 45, 2021) ASBFFEH T
i IXCRT 1 4 5 AN ARL R T TR 1) 7 12 (49.78%) 1 3
I T b b [X(51.35%) Fl 77 18 1l X (55.81%)(p<0.05),
HERETCHLIX AR, AR T 7R XY UFA &84 T
SFA i, ZMMEMIEITR(PUFA)M & 2T K™
a E SR E Y B AR bR — I A LR 3 v,
3 MK AR O A R PUFA S 1ET.(14.43%) 5
AR T T H(17.57%) AL (18.37%)(p<0.05), # b ifE
HIX AT 1 5 BGE TR, TR, 3 N AT
g Y PUFA SR E AR £R . BREX
ARSI [CA- g . A0 . XSEE . W4, DIMGR
Tifta , Wifa . M, D G SEE WK R
CREKAT %, 2014), HULATIL, 3 AN A] A3 AL
JULIRI Bg 107 2 1 8 SR M L o BEE R, & & -3
PUFA MR E AT LI /D RENiFL R B n-3 PUFA A B H
HHEYIEE, BAENE n-3/m-6 PUFA HAE SR Y
FTLASESRARH UL BE ) (B TR 45, 2016), ABESE
Hr, 3 AN HLIX AT AR L L n-3 A AN RIS I R &
EHE n-6 B Z AL ARG TR & & 5, A HE
n-3/n-6 S AGHE 237, WAL 2.00, T 1.05, JEH
3 ANHLIX Y n-3/n-6 iz i T H A DA Z(1993) i
TR R A HE(E(0.1~0.2), 0 3 /NHBIX Ay AT 1 g
BB EA R S SR E, EREAS KM

EPA fil DHA E AU . B IMAR S5 EZ/EH, EA
PR 1 Z RIS IR (Araujo et al, 2021), T 1 #:
P B i EPA+DHA & =K AL (2.26%) > T1E
(1.95%) > FEVT.(1.5%); 3 /> Hb X A AT 13 2 e iy
EPA 5 DHA W HE ML 7.37. YT 6.14, 77
7.86, ¥t FAO/WHO %5 s fE L 5] 5.0, B —E
(24 FAAE, S A EPA+DHA B ZEY)HK
Vi H4E FAO/WHO #2H iR P, e
R, SRR, M AIE TR Y LE(E(SFA:MUFA:
PUFA)RIRE] 1:1:1, WA B ARE =M, ARYEAS
WFSEMEER, 3 X A] 1 548 & L SFA:MUFA:PUFA
A ) A 2.63:1.79:1, YT 3.49:2.50:1, Tl
2.90:2.18:1, Hirbr, Jifg b X AT 1A A2 o () L A5 S 230
PR LA, A EUE AT UL, B 3 X AT e A
A BTN AII1)E SR

AW 5 F F E03h s A B A 15 B (AT R #e 2 B
SBU(TDATEAN 3 N AT 1184 2 i i i T IR 2H A
AR A Ol I 0 KU, AT R TT R fE A, &
O LA P 1 KRS SRR (BT B 4, 2016), 3 /M
X AT T B R AT {3 b 0.49 . YT
0.49. TFE 0.56, IR T4 A(0.72) . FA(1.00)FI%E A
(0.60)iX 3 FppI2E; H TI H% A0 0.62. BT
0.75. T4E 0.81, MK TF A4 K(1.06). FR(1.58)F!
$%(1.37)(Ulbricht et al, 1991), FEHH 3 Nl X ] 1134
P 5 IR IR B AR R &, X PRI AR IV R 40
P I RO PR 3 5 T 2 2B J AL 28579 9 XL
A RUFER, BA —2 i E R e AR (E
32 ARMRAOZEZERKBERERARISTER

M

GILTR A NR B I SRk T, TR 2
FRHLAE VAT A A s sh e s Pl B AR . K
fiff 3= R v €0 S TR TR IR, TR I £ TR 1Y)
(ZEWEA, 2015), 3 A~Hu X Af 11848 B A 4G )
17 PP LR, A4 7 M@ AR (EAA), 3 Filn i
FILMR(HEAA), 4 PR ZILIR(DAA)H 3 FhIELTT
AR (NEAA), & it m 2R Em, 5
ZE(2006)XFWTTLIRM . Z2)1155(2016) FHI#E 22 J54(2017)
XA AT 1A B W) AT 5 SR, R 3 it
X ] 1 B A SR PR N i, R R
VR B3 A HIX AT TR T S S R 2 —
B, RS A 2200, WL SR A (TAA) = 2T
N T E(161.49mg-g) . JLHE(159.70mg-g ") | T
(155.97mg-g ") T RAILR(EAA) R AL T LAT]
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DB H R BENE Y TR, 3 M HLIX EAA i)
W7 B RS ER 1 30.10% (JbiE) . 29.71% (HET).
30.77% (T, ¥15 FAO/WHO (199347 1L Hi &
FIARHE6%)HIT . I, 3 /~HiL X AT M98 2 Aty
THLREN, TEMX R, 54h, 3 LXK
EAA #8325 th oo R A s R I, 5o 2 B 242
()t S X (12.27. 10.87mg-g ™). b
T LK (11.93 . 10.30mg-g ") . VL HE X (11.57 .
10.13mg g VMK KB . LR RA EHAUERE . (et
H A UM e S ie ) S R, T 2R Rk
EREEERS S5EONEG R, AR T4 S AT
AR A IR AR SRR 7 A (LT 45, 2022),
XULEH 3 ANHLXAT R A U E SR L S, &
AT AR R o N AR e ig 7, eAb, T AL IX A AT 1
Figg B LA EAA/NEAA {H(44.45%) 5 TA0i b
[X.(43.06%) FIVE T (X (42.27%) . FHALZ R, T HfHh X
F AT o L A SR N

i R S LR (DAA) Y E 4 AT H e 22 d PR By 1
BRI o 3 B IX B IR SR (DAA) & L =, 7
I o5 LR R 1Y 43.83% . 44.89% . 44.19%, FEEH
[ M Y2 (Cipangopaludina chinensis)(44.69%)( % #%
&, 2021), IEVL4E WG (Crassostrea ariakensis)(42.16%)
GR M 55, 2007) . JUfL 1 (Haliotis diversicolor)
(40.15%)GE #UHE 25, 2007) . DA 8L S8 (Nassarius
variciferus)(42.94%)(X# I, 2022b)%F—LL D12, & F
K 2% 6} (Scophthalmus maximus)(8.43%)( R Bl S 55,
2013) . H & 1E B (Lateolabrax maculatus)(7.61%)
(R 25, 2013) . H Ml (Ctenopharyngodon idellus)
(34.96%) (Tt %, 2019), ittt (Hypophthalmichthys
molitrix)(39.35%)(F M4 5, 2019)5F —Lu s, 5
T H A TCE B W (Sepiella japonica)(32.39%)(TX 12 7y
&, 2023) 14 1 (Sepia esculenta)(32.98%) (T4 18 ¥
4, 2023)5, [AIEE, WF5E R WK™ S LA A 18 1) fif
EHEFLEENAR. HER ., RLAARMBF AR
4 FhEFURZ B R OO E (7T 4%, 2022), AMFSEH
3 NI AT O L DAA 5 i s 2RI 3 R
BER ., REAZAR . HAR . WAR, A2 U2
e R I 0o () A BE TR, 18 1T AR s Tk, (e ki e LA
KN KE . BHILAT UL, 3 AN H XAT 1§54 2 d AU
PR 5, T ELXTAERE A A — 2 1R .

R4 FAO/WHO T3, UL AAS Fil CS bt
B, 3 /NIRRT A R A — A R PE
TR B AR AR . AR, X 3 M

LR W R SR, A6 R AT A B TR
RN T B AT S X e BRI M 2R . EAAT 484X
W2 FR T & W 8 S SR E Y SR AR 2
—, 24 BEAAI < 0.75 i A AREE HIE; 0.75 < EAAL <
0.85 Al HEMHE; 0.85 < EAAI < 0.95 R AFHEH
I8, EAAL > 0.95 HLBUE HIRGEEMS 4, 2022), A<
e, 3 AN HLX EAAT {HA50 8 718 11.37, il
11.14 AT 10,62, BERH 3 AN X n] (14 2 s ]
VB R AR R 1R
33 AEMRAOZEREERFEIERAR K EK

TS

Ui B8 S R T S0 1 A A0 3 o 1) T B2 4 B 4
LA RN i AR R B e TV R AR ) S SRR
(T 55, 2022), ABGE, 3 NHLIX AT A9 AL i
i 8 R T i i 22 57 1 3 (9 <<0.05), LT TR 7 2 e [X 3
R 16 File B8 &L IR, LA 15 Rl R
AR, b Em . H 2R N E R & 25
R Al i 12 S R 1Y) SRR, TT LK H sk | i
IR IR 52250 (Yva, 2006), 3 /NHBIX AT 14544 2 il
B R S SER AL B 2 B, 400 KA AR A &R it
PR AEE 5 M, A RER . 22 . B
2 N R A R HALE s R s AR

SRR T ek S O B (R R e TR
PIRIE B, 24 TAV > 1 IHZ RO RE Sk
A o E g HAUE R STk oK (G AT 1s 45, 2020),
AWEFEH, L] A R AREEL H TAV > 1Y
T B IR N A E R (2.03) . WRERA.57) M H &AW
(1.36), HZEPRFRFEARYGHE I, HEVTA] H AR 5 HU A RE
WLAHT TAV > 1 FREREER A NEIRGB.62). 2
f2(3.03). HZMR(2.25), BWFEEMKYGER; THEn] [
g R AR TAV > 1 (R RERR N
F(4.05) . AEMR(2.00). HZFR(1.79) H 2 WA K
VB IF  FHIMRT D, X i A TR U S TR
HNER . AERFH AR, 25 ERA O, WA
Fi R H RS R 56, XL X R id, DAEE Ry
F; W TR T A Ok, DARHM R . BRIX
3 PR SEIR AN, FAEEFRTR 2L MR G vk 2 A
FEE W, (HRE RGN . #lU Vandendool 4%
(1963)MIFFT 2B, R 82 114 2 S B e, IR
JERIR R Z IR . wilf | FBREILRR B
T, WA T A M X 2 AR X (p<0.05), X1
AT T 7l DX AT 11 o 5 P R RS LIl b X R
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AT TR K RS R R )
S, Lioe 55(2005) R 5R 25 3 W] vy R 2 R 7 1K
TILEOR BT, 5 0 i Al 2 J5 i e R R A 1)
R . ARWEFEAE 3 AN AT 5 AL b R Y
WIREER, RN AR . AR, B, 9
M. KRS, EATR & Al T AR B E
R SR A AR . WA . AR A RTE 3
AHBIX SRR FE R BN 0.15 < TAV < 1, 4%
PR 5 FL M 2 R A T LA B, wT s, (AR OK T
WA I AT RRIE . 228500 ff rh 1 5w A
AR, BT K™ fh AR B XU, o —FhE 2
ERYIT S 4, 2015), RN 3 NHX h
EIRRIE TAV RINICHE=H#T1(0.10) < T =
0.14, #RIE, ¥ 0.5~5mmol-L™" FUZENZRRINA &
A A FR AN AR WA W, AT B I R R A R B A
MG R A 25 UM (Dermiki et al, 2013). Ak,
AN T R W N N S R s
(1.13mg-g™") 5 Jt 7 M1 X (0.74mg-g™") Al 7* F 4 [X
(0.87mg-g ") 2 5 B (p<0.05), X 15 BT 3 X 1]
P R R BN A
34 AEMRAOZEEERSEESEAESMAER

RSN

AHIFFEICHEIN 3 AN ] B A 4 2 A
Y 6 PR 4 Jm i, iAo, Bk L F, T
Hi DXCAT A B AP 6 AR 4w Y S AR Lk
ST AT g A R N R Y e, AT
IS AN [R] FT B 1 R — 2 A N 4 S 5 e AN )
(iR %, 2022), JLIERITETT OB RR (AR ] 1144 2
HIRNESFEEHH Zn > Pb > Cu> As > Cd > Hg 1)
FUARE, T T PR DX Y 5 R A AN Zn > Cu > Pb >
As > Cd > Hg; 3 MHBIRHFA Zn AT Cu 55, Zn FI
Cu WAL MEICE, 1 Pb. Cd. As,
Hg HAEMTE TR, Mg M T HARSM MEauaE ot
RWE RS EEE & TIEEmL IR NS R (R,
2020), X 5 ] W (Corbicula fluminea)( ¥ F BK 5%,
2004) . T VL4 Wi (Crassostrea rivularis)(BE /N 55
2019) . 1€ U5 (Ruditapes philippinarum)( Bt 4 1L &,
2001)5F VUSRS R —3 ., SR, Pb Fll As 7E4-Hh
PHREAAR ]S A T IR AR E, I H A R TR
K Pb & 55 T Cu, UEWIX 3 N HIXAYE 48 Pb
As BT 0% ™, 3K AT RE A H T Mk Al i A
Jig, £ ANE S R SR EAL BRI, 3 N
WEE A TG TR H T i A B2 Bs2 . 53 4b, Hn] RE

549 A 5w S E SRR DL R e 4R
SRA RGN 2, 2012), Mok, MR E %
TR AR N B 4 R B i R Hok Az fg
AIRESTEFEEMA . ERAE TS (RS
4, 2020), DA, BHR A 3 MK AT AR A B
A, T O X e 5 Y Tk .

I FH BALIR 775 YeF8 O 25 A 75 Y38 B0 3
DX AT A A R R N 4 B E A T AN, 25 AR R
T X AT 1 L R A7 B A R TS Y (P =
1.69), ARG YK, o Po il As (975 Q4 Tk
R, AFIGYFRET N Pe, = 4.50. Pas = 2.10,
KB E G YK, LUK Zn BRRETS (P, = 0.3);
HEVLHL XK B3R BE 5 YLK F-(P = 1.28), Pb Al As (75
Ptk R, BTG YHR B 3R Pey = 2.49. Py
= 1.72, ik B 5 YK, Zn R BTG G (P, =
0.27); b Hh X 32 2 5 4w 1975 Yot /NP = 0.96), ik
FEH K-, FEZZF] Pb G ER K (P, = 1.35),
IRFE IS YK, HUCh As B EETE94(0.96), ik
FEHK, Zn F1 Cd WRETG YL (P2, = 0.20, Peg =
0.25). AHBFFERIEE 1 A RFE SR A S T B
BUREH, LT AR BRI, N e AR
TCIIREN, LIRS N RS A0 A FR 5, A
T A DURMR A FRFE (R IE R, 1993). AWT5E
THEHLIX ZH] Pb MT5Yedn e, F R n] 1
FHA P B RS R U P B A R SR B
W (Ek 4%, 2012), HEZZ 3] [ R (H 2K
AL BER S5, TR AA & in— /N 4k A T K™
FEIETG Y, As FERIE T /K= FR5H 1975 YL (5 TR,
2020), R, BiCnsR iz X IR K RIEE . &R
VS 0 R P RV TS =2 8], M N AR I 57
B L A o A A IX K, 3R B R K HE il A 3 B VS T
HE S EWUUR,; B ERIBAE R 2N T fies sk,
FIRES 32 BN X HES (I R2 . ARWFSE T, ST X
SRFE X AZ E] Pb Il As IR TS 44, Pb il As £k
VR TS Tk HETS .« LB 4 B HEBOR R TR
XK, 2013), B, BBUMSRIZH X Tk i5 KRG
FEFNAREEWEI ) PG A6 T U BUR A A T4k
s, 76 PRI RIS A AR AL AR S, & A
Pz i S, AR CHER . AR B B v kL S iz 75
YePg it i Pb V5 a0 —A~ FZE K (Mortazavi et al,
2022; #l K 4%, 2023); As. Cd FEARIET M FR5E
Tl 2B P2 G MR 2, 2021), R, EEISGZHE X 45
R R N i i DR S RE YN STRTIPS: & Jiif A8
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PIERIRFFE WG 3875 Pb F1 As XF 3 ANV BAER 4
A 25 A 2 BT 4% (Yang et al, 2021; Zhang et al,
2021; Li et al, 2023), ASCHIEE RS LI FE 458
ARKWARINE, HAF, 3 DX 28 T Zn BYERE
V5 Y%, AT HE-S 7K S A A R A TR AT AR A
A Zn FHX, (BFEE ML EWEIEEN, o] 1 EgE R
HZn W& EME, FOEFRMERBORGELH 4,
2012), dwefa, AR BA R A S A B —
() SR BRI, 5 2 T S8 S B IR A s it — 2D U 3 A b
DX AT 1 A A R T Y i )

Al R AR — R RE I B, A K
PEAB AT TS, BT H % /NZ, 878 55 H T
250, SRMIAREFE T 3 A M X AT 114 5t 3457 )
—ERENESIRTGY . FI AT R IZOC AT 1
RERVEH ST, AR 3 MK AT
e B UL L i B 4 S o A TR KU ALY
S5RFW] 3 A-HuIX AT 1 HRE A AU R L R THQ
BI/NF 1, TTHQ s/ 1, Uk i R & X 34~
HuXAT 1 59 A HORAF TS AE A fE R XU . 6 e 4x
JEXF 3 ANHLIX AT AR R TTHQ Y STk R H A
1, Horp As XA LEE R STk e, i
IRKITCER . As =T A AREUEY), A G 6E
OB BRSO R AL, T U S B
TREEEECRITE 45, 2021), BRI, W fESext 3 X nl
R M As T LABTE, ARBUHSCH R 3 4>
S8 DIBHERL S As BRI R K B At A M 3% Bl i) 52
M, R As it B BETE AR P & RN 7 AR 3 AL
o 3/HBIX Pb B TTRRRAUR T As, MR 36 EIFR LR
PELGA NG B RGN EMER, P & TARERA
B, 15 LRSI RFE SRR . BR T Pb Al

As Ab, JUiERAES Cd X TTHQ W TTlkR s . [
P96 4 F 58 HILAS) (International Agency for Research on
Cancer, IARCY¥ Cd T HEEUEY), 7175 DNA $if7,
SHERMG & B 7 H % (De Angelis et al, 2017), 7 144
ZFQO21RAET PRI LIV R T TR I 7 Fif
HEEFSE, LZXE cd S8/ E (GB 18668-
2002 MEFEIIIRPI BT R ) (hAe A R E 5 5
B B A RE SRy, 2002)—ZEAnifE, {HZ2 AZETE SR,
HWAE R EE = X UZFR X cd BA—
SE BRI RS, 1o T LA . ARBIESEh JLEERY THQ
TTHQ ¥ TN, I TTHQ Z2 Ay 1.1 i, Bl
ILEEANTE K K B BRRR B B, X H 4 ) AU =
TN, ENESZEELERNGEE. BT ILERE
FERL, R iz JLEE £ P AT 11 8 B U LA A% B AG:
IS5 789, RIE MR F A R

25 FTIR, 3 MDA e B A LI SR
EI M, Rl R AR E IR R, ATV A I i
FIBER VR o (AT BE R AT 8 A5 1 22 501, S [] 1 IX
A R O IR P A T — sl v, LA
JUTTR 7K fife S B R 2 R O U 2 e R T J 43 A A —
FERZESE . T AR X ) 1 a5 s SR i 22
S AR A RRE— 2B IFIE . X 3 AN bR
RG] 11 e B ARSZ 30 T Po Il As IO ER TS 5,
U, R TR A AR BT LA A R A M A S K
Ji&, [l bt g AATTH AR R Y B, iS04 by i) W A
T IE X 2 A AR PRI o 4 IR A M AR AR, R
R BE R E A, ()P AS 2 X R A o 4 5
HEFT 15 QPPN 28T, A B IORS B  AEE . (RUE T
e B CRR A N MR TS Y R R Y, A Y
TINRAE: DX S fe fin e 5t S 4
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