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(Laminaria
japonica Aresch) (Undaria pinnatifida Sur.)
(Porphyra yezoensis Veda)

(Porphyra haitanensis Chang et Zheng)

(Gracilaria lemaneiformis) 5 s
PUFA
1
L1 XEF5HF
7890 , )
(Agilent ); R-3
(BUCHI ); AML-0502-U (Aquapro
); IY92-11 (
); FD-1A-50 ( );
Eppendorf ; ( Mettler Toledo
, 0.lmg)
30 Cl19:0
Supelco ;
, Burdick
Jackson ;
1.2 RIEHR
5 b
( 2cm),
-20C 10h,
20h , 40 ,
1.3 HmigBriR ot
- (Bai et al,
2010; , 2012)
40mg, 450°C 4h ,
C19:0 ImL, 2mL 1mL
S 10min, 1.0mL
b 3 b b
5 5 OSmL
, 5mL / (2mol/L), 80°C

4h, , 2 5mL

ImL, , 0.20pm S
( , 2012a),
(30mx0.25mmx
: 50°C

15min;

DB-FFAP
0.25um);

3min,

1.0mL/min;
10°C /min 230°C,
: ; , 10 : 1;
220°C; (FID) : 280°C;
: 1.0pL
1.4 AHNERBGERDH

( , 2008;
,2010), 2.0g, 100mL
R 20mL, 40mL, R
30min, s s
30mL,

s 15min, s

35mL , (

(10+1)(VTV), s ,
ImL, , 0.20pm s

Crentsil  (2012) ,

(30mx0.32mmx0.25um);

1 60°C

HP-5
1.0mL/min;
180°C, 3min,

3min, 10°C /min
; s 10 : 1;
(ECD) 1 300°C;

Imin,
3°C /min
300°C;

20°C /min
220°C,

280°C;
:1.0pL

1.5 EEREMREEZSH

(2013)

> >

(RSD) 30
99%,RSD  0.9%—3.1%, 3
3) 1.94—2.57mg/kg 6
85%—96%, RSD
3 (S/N=3)
0.28pg/kg,

86%—
(S/N=

1.2%— 3.5%,
0.21—
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2 (monounsaturated fatty acids, MUFA)
21 EEEEERE AT (3675.03mg/ke) ’
5 1 , (saturated fatty acids, SFA) n-3 PUFA n-6 PUFA
(TFA) PUFA , 7758.84
(26188.91mg/kg) (11380.59mg/kg) 14192.15 2304.52 16496.67mg/kg
(10634.16mg/kg) (8455.82mg/kg) (EPA) (DHA)
(6217.26mg/kg), (1997) (Bridges et
al, 2010), EPA DHA n-3 PUFA
F 1 BEDEIAERIRE (mg/kg)
Tab.1 Fatty acid compositions of seaweeds(mg/kg)
8:0 23.98 17.87 18.75 13.01 19.34
12:0 N.D. N.D. 5.86 N.D. 7.19
14:0 217.08 129.77 72.81 982.93 195.93
15:0 27.36 15.13 61.68 51.76 39.33
16:0 7471.97 3782.82 4117.63 4653.16 3991.68
16 : In9 87.01 28.63 44.68 55.52 22.65
16 : 1n7 30.75 26.60 12.45 29.37 150.49
16 : 1n5 N.D. N.D. 14.36 N.D. N.D.
16 : 2n4 N.D. N.D. 6.06 N.D. 6.83
17:0 18.45 12.79 36.48 25.21 18.84
17:1 N.D. N.D. 30.76 25.48 23.44
18:0 N.D. N.D. N.D. 465.98 N.D.
18 : 1n9 618.33 362.60 3394.78 1864.21 759.05
18 : 1n7 158.04 74.02 74.28 75.23 294.72
18 : 2n6 641.39 349.71 983.63 438.90 113.31
18 :3n3 42.74 15.43 286.71 409.80 19.77
18 :4n3 143.90 31.07 457.97 548.46 24.73
20:0 N.D. N.D. 99.04 107.68 N.D.
20 : 1n9 1039.27 210.80 103.72 69.33 55.08
20 : 2n6 352.67 94.84 19.78 N.D. 13.37
20 :3n6 564.22 177.59 43.07 34.73 40.91
20 : 4n6 746.24 1068.21 808.55 376.01 241.29
20 : 5n3 EPA 14005.51 2057.94 665.42 407.39 119.21
22 : 6n3 DHA N.D. N.D. 22.12 N.D. 60.11
yn-3 14192.15 2104.44 1432.22 1365.65 223.82
Yn-6 2304.52 1690.35 1855.03 849.64 408.88
> SFA 7758.84 3958.38 4412.25 6299.73 427231
>MUFA 1933.4 702.65 3675.03 2119.14 1305.43
>PUFA 16496.67 3794.79 3293.31 2215.29 639.53
EPA+DHA 14005.51 2057.94 687.54 407.39 179.32
TFA 26188.91 8455.82 11380.59 10634.16 6217.27
SFA/PUFA 2.13 0.96 0.75 0.35 0.15
(MUFA+PUFA)/SFA 2.38 1.14 1.58 0.69 0.46
n-6/n-3 0.16 0.80 1.29 0.62 1.83

N.D.
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F2 5 FiEERMASIRENMY B A A ER 4H AL (%)
EPA+DHA Tab.2 Fatty acid compositions of seaweed extract (%)
14005.51 2057.94 687.54 407.39 179.32mg/kg,
8:0 0.091 0.21 016  0.12 0.31
EPA+DHA 4
ST 12:0 ND ND 0051 ND 0.12
2.2 BRAARRHE AU 14:0 0.83 1.53 064 924 3.15
17 15:0 0.10 0.18 054 047 0.63
’ (2009) ’ 16:0 28.53 4474 3618 4376 64.20
23 19 21 16:1n9 0.33 034 039 052 0.36
(2 5 16: 1n7 0.12 031 011 028 2.42
(C16 : 0), (C18:1n9) (C18:2n6) 16: 1n5 N.D N.D 0.13 N.D N.D
(C20:4n6) DHA SFA , 16 : 2nd N.D ND 0053 ND 0.11
68.72%, Antonio(2010) 17:0 0.070 0.15 032 024 0.30
MUFA (32'29%)’ 17:1 N.D N.D 0.27 0.24 0.38
(2006) MUFA 18:0 N.D N.D ND 438 N.D
PUFA 18 : 1n9 236 429 2983 17.53 1221
18 : 1n7 0.60 0.87 065  0.70 474
(62.99%),
18 : 2n6 2.45 4.14 8.64  4.13 1.82
EPA 18 :3n3 0.16 0.18 252 385 0.32
(53.48%) (24.34%) (6.04%) 18 : 4n3 0.55 036 402  5.16 0.40
(3.83%) (1.91%), Kayanma (1985) 20:0 N.D ND 087 101 N.D
EPA , 20 : 1n9 3.97 2.49 0.91 0.65 0.89
50% , (2011) 20 :2n6 1.35 112 0.17 ND 0.22
EPA 24%, 20 : 3n6 2.15 210 038 033 0.66
20 : 4n6 2.85 1263 7.0  3.54 3.88
16:0 16:1 18:1 204 20:5 ’ 20:5n3 EPA 53.48 2434 585 3.83 1.91
EPA 24 34% 22:6n3 DHA N.D N.D 019 ND 0.97
n-3 54.19 2488 1258  12.84 3.60
53.48%, )
Sn-6 8.80 1999 1630  7.99 6.58
EPA YSFA 29.63 4681 3877  59.24 68.72
, Cl6 C18 YMUFA 7.38 831 3229 19.93 20.99
C20 , (1997) YPUFA 62.99 4488 2894 2083 1029
, EPA+DHA 53.48 2434 604  3.83 2.88
N.D.
23 EFMEDHR
n-6 n-3 PUFA PUFA n-3 n-6
n-3 ,
, n-6 n-3 PUFA (n-6/n-3 PUFA) 4
, (Michihiro et al, 2000) 1 ,
n-6PUFA R R 5 n-6 PUFAs n-3 PUFAs
n-6 0.16—1.83
n-3 n-6 PUFAs S n-3 PUFAs
( , 2009) , n-6 n-6/n-3
7.6 8.0( ,
,n-3 a- EPA DHA , EPA 2009) ,
DHA n-6/n-3 s
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24 BERANSRATKLEFE
5 6
o-HCH  B-HCH
, y-HCH ,
1.66—10.21pg/kg P,P’-DDE
, 4 2.30—5.30pg/kg P,P’-
DDD P,P’-DDT 8.28—19.71pug/kg
4.01—39.65ug/kg (2013)
y-HCH P,p’-DDE P.P’-
0.15—0.64
1.30—3.24pg/kg,
5

DDD P,P’-DDT
1.93—8.92 2.40—6.35

v-HCH,

P,P’-DDD P,P’-DDT , (2010)

DDT
, , DDT
DDD; , DDT

DDE DDT s DDT

>

DDD DDE
DDT ,
P,P>-DDT

35% DDT

*3 S5HBEDPAINKIKRAKERE gk

Tab.3 BHCs and DDTs residues in five economic Seaweed

(ng/kg)
a-HCH N.D N.D N.D 0.26 ND
y-HCH 1.66 1.91 N.D 1021 272
B-HCH N.D N.D N.D 1.13 N.D
P,P’- DDE 4.04 N.D 3.16 2.30 5.30
P,P’- DDD 13.91 10.04 17.49 8.279 19.71
P,P>- DDT 7.69 6.18 39.65 401 8.72

N.D.

2.5 PUFA SENERAGEBAZEDN

, PUFAs ,

EPA DHA
(NAS)

IOM
160mg/
PUFA

ADIgu

(2012)

QNCR
(g/d); RfD

E

4(Karen et al, 2003) BW

65.6—70Kg

EPA

0.35,

DHA+EPA

(Robert et al, 2003)

EPA+DHA, PUFA

Ora(g/d), )
ADI
QFA = C—FA (1)

FA

PUFA
IOM 160mg/
PUFA(DHA+EPA)

(mg/d),
; Cra
(mg/g)

100

: @ G
D x

Ouer = w @)

_ AL x BW

SF x C @

Ocr

, SF
6 RfD  SF
(kg), 2010
,20—59
53.0—59.8Kg (
53.0kg;
(mg/g), 6
3 Ocr
(g/d); AL
107 (Karen et al, 2003)

, 2011),

DHA+

QFA/QNCR QFA/QCR
1 ,
P,P'-DDE  P,P'-DDD

(QFA/QNCR)
(QFA/QCR)
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Tab.4 Reference doses and carcinogenic slope factors of BHCs and DDTs
a-HCH B-HCH v-HCH P,P’-DDE P,P’-DDD P,P’-DDT
RfD (pg/(kg-d)) 8.0 0.5 0.3 / / 0.5
SF (mg/(kg-d)) 6.3 1.8 1.3 0.34 0.24 0.34
12 1
= a-HCH
10 B B-HCH
y-HCH
5 P,P-DDE
081 m P,P-DDD
# P,P-DDT
06 r
04 r
02 r
0.0 o 7] WA
Qra/ Quer | Qea/ Qer [Qra/ Quer | Qra/ Qer |Qra/ Quer | Qea/ Qer
st InERK ik
1 5
Fig.1 The ratio of beneficial to harmful non-cancer risks and cancer risks in five seaweed
Ora: PUFA ; ONCR: ;
QCRZ
0.98, 1, 5 ,
PUFA(DHA+EPA),
5 > Ora/Oncr
Ora/Ocr R EPA+DHA | 3
6 )
5
(UNEP) (POPs) (C16: 0) (C18: 1n9) (C18 : 2n6)
POPs , (C20 : 4n6) DHA n-6/n-3 PUFA
) ) 0.16—1.83 , 4,
, , n-6PUFAs
s 5 v-HCH,
(Sameeh, 2009) P,P’-DDD P,P’-DDT
DDT
(Pardio et al, 2012; Zhang et al, 2012), R P,P’-DDT
R 35% DDT
EPA+DHA

>

PUFA(DHA+
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RISK ASSESSMENT OF INGESTING POLYUNSATURATED FATTY ACIDS AND
ORGANOCHLORINE PESTICIDE RESIDUES IN FIVE SEAWEEDS
FROM JIAOZHOU BAY

PENG Quan-Cai, SONG Jin-Ming, LI Chen, YU Li-Dong
(Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Seaweed is often rich in polyunsaturated fatty acids (PUFAs) but sometimes contains a certain amount of
organochlorine pesticides (OCPs) from a polluted environment. Risk assessment on the seaweed in this regard is important
in food safety. Five economic seaweed: Porphyra yezoensis Veda, Porphyra haitanensis Chang et Zheng, Laminaria
Jjaponica Aresch, Undaria pinnatifida Sur., and Gracilaria lemaneiformis were collected from Jiaozhou Bay, China. Their
OCPs and fatty acids were analyzed. Results show that palmitic acid, oleic acid, linoleic acid, arachidonic acid, and
docosahexaenoic acid were the predominant fatty acids in these seaweed species, and the ratio of n-6/n-3 PUFA are is well
above 4 that recommended, indicating high nutrition in the five seaweeds. The main residue of OCPs in the seaweed
species were y-HCH, P,P’-DDD, and P,P’-DDT. The risk assessment of co-ingestion of the OCPs and active EPA+DHA
from PUFAs showed that co-ingestion of the OCPs and active EPA+DHA from PUFAs of the seaweed species would not
result in a health risk of cancer when daily taking a minimum amount of EPA+DHA for a healthy adult via the
consumption of the seaweeds.

Key words fatty acid; organochlorine pesticide residues; ingesting risk assessment; secaweed



