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Fig. 1 The distribution map of laver samples collected

from the main aquaculture producing areas

in Fujian coastal area
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Tab. 1 Determination of general arsenic and inorganic arsenic in kelp and laver

w25 R R R
test result test result
RS RRAK RS PRRAK
sample sample %mmil ‘E‘m_l sample sample %mmil ‘E‘m_ .
number name (mg-kg™") (mg-kg™") % number name (mg-kg™) (mg-kg™ 1) %
inorganic general inorganic general
arsenic arsenic arsenic arsenic
1 ® * 17.1 29.08 58. 11 }?@ T 7.22 21.2 34.1
laver dried kelp
5t
2 %ﬁgi 19.9 35.4 56. 12 W 10.5 19.1 55.0
special laver kelp knot
b %
3 KV RR 15.0 20.4 73. 13 W 10.0 16.3 61.3
no-sand laver kelp knot
4 it 13.9 29.6 47. 14 :F W 8.51 21.1 40. 3
roast laver dride kelp
5t
5 HIRRR 15.3 40. 8 37. 15 A 20.1 48. 8 41.2
natural laver kelp knot
] &
6 RET 16.5 39.4 41. 16 s # % 11.8 23.5 50. 2
dried laver kelp knot
ERT R Rt
7 dried laver 29.7 37.4 79. 17 high-quality kelp 8.19 23.6 34.7
] &
8 T B 18.4 32.4 56. 18 & 10.5 16.5 63.6
dried laver kelp knot
ERT R W %
9 dried laver 18.0 37.4 48, 19 kelp silk 7.33 15.4 47.6
ERT R W %
10 dried laver 9. 36 34.7 27. 20 kelp silk 16.1 43.2 37.2
2 FEGEAEEDTNHBI SR
Tab.2 Determination of inorganic arsenic in laver of different brands
R R R
o test result ot test result
sample RF RN B 2R sample TS B 2%
number (mgekg™1) (mgekg™1) difference number (mg+kg~1) (mgekg™1) difference
AFS SDD multiples AFS SDD multiples
1 13.4 1.81 7.4 12 23.2 2.82 8.5
2 11.5 1.29 8.9 13 22.9 1.85 12.4
3 15.7 1.55 10.7 14 15. 8 1.55 10. 2
4 15.1 1.29 11.7 15 20.9 1.75 11.9
5 19.5 2.26 8.6 16 22.7 2.82 8.1
6 17.6 2.01 8.8 17 15.3 1.55 9.9
7 20. 2 2.41 8.3 18 16.9 1.75 9.7
8 21.2 1.24 17.1 19 16.6 1.55 10.7
9 17.1 2.41 7.1 20 16.8 1.65 10. 2
10 19.1 1.65 11.6 21 16.3 1.71 9.5
11 11. 8 1.81 6.5 22 7.92 1.71 4.2

K TASRAE”2 AR BT AL E B SR, AR IR
Bk BIAR PRI A9 5. 3~15. 5 i, i@ Ar 2k 100%,
RASREREN AR ETE, BF 19 MRS
BB » b 0 B AR R Y 1. 3~1. 9 f%, @45
% 86.4%(F 2),
SNHAMEEMERT S ERES 20~
22) v IO AL AR R R AR B Y R, 3R T 20k
Pl E , Fo AR i B R AR EBR M A9 11, 2,10. 9 Fn

5.3 fif s IBE LN E , WA FE M E R BIR . XU
B4 IRA T hR U AT A I, TE B B0 A AR O R Ll
RELEFAENNE, REERETHWEXS
BEPHAERBABLR,

MR 2B IEER T IE W, RA“GB/T
5009. 11 — 2003” H i W Fft J7 1 A8 U [] — A 48 Sk
MEANENESE, HERZ2RBE/NDNE 4.6 5,5
KA 17. 145,45 9. 6 5, S4BT kg



JRIE, R BLIX PR R T 7 B e K B AR [ 2 AL T 3
BHEES MR B, £/ 6 mol-L™! HCl Xf
WS HALAEYZET B FIRIEERNE
B4R 60 °C.16 h, Wi4RE:HER 70 'C.1 h, FiH
MR T % ER, RSB T RRERIB AR .
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Tab.3 Determination of inorganic arsenic in the water of different breeding areas mg-kg~!
- — # - % = E @m # I #E = — # - % = # O ¥ I #
FRMS g wm s s s | BN e e wonw e
1:ce € first second third fourth fifth lsce € first second  third fourth fourth
p crop crop crop crop crop p crop crop crop crop crop
.
AR I .24 189  1.99 - - ALA .18  1.35 155 - -
Fuding fulong Huian dongyuan
= 5
SRl 2.8 145  3.16 - - MR LIE 1.55 1.14  0.47 - -
Fuding ginyu Nanan shijing
b hiy
. ﬁiﬁy‘:ﬂ 1.59 1.48 1.98 0. 63 - . B LA . 1.51 1.01 0.11 - -
Xiapu hongjiang Jingjiang dongshi
ERDH _ _ WM A2 -
Xiapu shatang 1.86 L15 Zhangzhou livao 1.89 1.03 0.26
EERRUR ] _ _ _ BMHEL _ _
Fuqing shapu 2.68 0.84 Zhangzhou shentu 1.96 0.47 0.19
. FRBOR 1.96 1.48 0.42 0. 66 0.78 T S 2 . 1.93 1.51 0.32 - -
Pingtan aodong Zhangzhou tongling
. %EE% . 1.73 1.43 1.18 2.04 . BETIKE 1.23 1. 66 1. 68 - -
Lianjiang guanling Xiamen dadeng
7 Sk 1.64 2.04 1. 62 1. 27 0.51

Putian daitou

MEITMUBHEEN b EXEFETK
Bk B3 & A T, (B A R 3R 5 XK i
S ER—H, BRKMKR 0.26 mg kg™, B H
B3k 3. 16 mgekg ™', M A7 1~2 mgkg™
. BRI — IR 3 = X, 7R R () 2 3% 0 3K |
FREIHSEUAR -, HEHCRAEAHE

MR A HRRELEREE AR RE>K
EETHNHHTEEARR, RAKEFREEEE
WEn, —EEETSELIHSERS  HER
HHXF) 5. 10 mgkg™", 3y 2. 85 mge kg5 T
WHHENAT 34.0 mge kg™, ¥ 16.63 mg*
kg™, T 5 39 W F i 5% 38 T AL AR S B A XK
o, H M EE BTN 2.00 mgekg T T B
KA 11.89 mgekg ™', ZEK BB F R 1. 87
mgekg ' T EFHH 11.92 mg- kg™, MRHA
WERERN, HE—-EXXHTHE LN S ER
s, HMEEFARKR, Kb —HNHELYR
0.18 mge kg™ . THFEH K 1.64 mg-kg™' ; _ 2

FRFHR0. 17 mgkg™ \ THFR 1. 37 mg-
kg ' s ZFERFREYHN 0.1 mge kg™ T EFEY
% 1.55 mg-kg ™',
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% F“GB/T 5009. 11 — 2003” H g4 ¥ #f 75 = X R 6]
PERIZEEF TN ESE RGO, BAKIE
FIZEAL SR M F B, (H EHLA S B H KA M ,
2 BB 0006 B Bl 2 Y B AL B, 3R T
BT A B RG 4 “GB 16643 — 2005 Wik
il 5 DAERRUE” B RLRE , RN A H38 100 %, T #% B
BEEHITHNEERTRHREHERE 38%,
A v B 5 R U 2B T R ER R T AT Y (B R O
PRV 5E SR B B A AH 221R K, X B4 AR = Al A
IR T E S R R TR KA. 3 5h
M FRER R AR R B BT E , Br DA R
HEEHBRTEFIOLLE.
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Tab. 4 Determination of inorganic arsenic in laver of different breeding areas

PR AT BB 5 358 3 S5 90 88 11 A 19 e ek A B SR S S

F4 FRFRIBERDENTSH

mg-kg~!

—%#

first crop

=3

second crop

=#
third crop

o

fourth crop

Eig:3
fifth crop

7=

place of

BFyorss  ME
AFS

SDD

BF¥orss  ME

AFS

SDD

FFioeE Mg REFobk REEk RKEoik  8/E%

AFS

SDD AFS SDD AFS SDD

origin -3
fresh

algae algae algae algae

T #¥E T&
dry fresh dry

B¥E TR
fresh dry

algae

B¥E T&H
fresh dry

algae algae algae

B
fresh

algae

T B TR OB¥E TR OB¥E TR 8% TR 8% T8
dry fresh dry fresh dry fresh dry fresh dry fresh dry

algae algae algae algae algae algae algae algae algae algae algae

wREE
Fuding fulong 3.43
WA
Fuding qinyu
BEIT
Xiapu hongjiang
EROA
Xiapu shatang ="
WESE
Fuging shapu
PREK
Pingtan aodong
ETEE |
Lianjiang guanling ~°
WEHL
Putian daitou
BERE , o
Huian dongyuan = *
WEAI |,
Nanan shijing
BIRA 5
Jinjiang dongshi
B A
Zhangzhou liuao 8.7
BMEL
Zhangzhou shentu
4 B
Thangzhou tongling
BEITRE
Shamen dadeng

.96

1.96

.00

.33

.38

.13

.10

.71

3.44

2.66

17.0

13.7

11.6

9.78

18.4

9.93

10.1

7.83

19.2

34.0

32.1

18.0

16.5

14.8

16.5

0.16 2.11

0.

0.

0.

22

22

15

. 22

. 16

.18

16

21

. 16

. 16

. 24

.18

. 16

.17

1.7

1.43

2.09

1.44

1.84

1.85

1.44

1.7

1.39

1.54

1.49

1.44

1.65

1.49

1.42 12.3

2.63 13.3
1.02 5.43
0.83 8.50
1.85 10.6

- 14.5
1.06 12.1
3.40 10.6
2.13 16.0
1.34 6.98
1.33 12.3
1.08 8.39
2.36 13.6

16.6

0.18 1.2

0.

0.

0.

22

15

19

.17

.18

. 16

17

18

.15

.14

. 22

.15

.17

. 16

0.

0.

L

99

56

64

11

89

49

. 59

.37

55

46

43

34

41

52

1.02

1.30

1.17

1.20

2.65

2. 86

2.47

2.48

1.83

1.62

11.8 0.17 1.41 - - - - - - - -

12.8 0.14 1.35 - - - - - - - -

7.55 0.13 1.64 1.31 9.10 0.15 1.31 - - - -

11.9 0.12 1.27 - - - - - - - -

10.7 0.17 12.8 0.13 1.66 1.40 4.52 0.13 1.23

12.4 0.13 1. 8.02 0.16 1.9 - - - -

8.25 0.19 4.16 0.19 1.38 0.89 4.30 0.17 1.59

11.1 0.14 1.33 - - - - - - - -

18.2 0.14 1.6 - - - - - - - -

16.5 0.19 9.15 0.15 1.36 - - - -

9.06 0.12 1.71 - - - - - - - -

10.9 0.14 1.53 - - - - - - - -

12.0 1.46 - - - - - - - -

14.0 0.13 2.03 - - - - - - - -

3 Wig

3.1 FERTHHNRERE
W5 % P AL B PR & AR o 2 5 N RE , R

FHERER AP ENHBE(TEIT<1.5
mg-kg™'. SRAT, LI 2005 4F 3 H M AL
MERI“NY 5056 — 2005 LA E |/ & &8 f,
A ERELHMN TR GEHTE) <1

BEENELD? XRT A KIEES R
B, FRE 1994 4E&| 2 K “CB 4810 — 1994 £ &
TR TARE"Y M E B R B RE
EHN<<2.0mg-kg™ '™, HHA—LHFTARE
HEETXREME, MEESC EXNES P
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PMHR<2.0mgekg™', HE, BEFEERS
Hr AL i PR DA AR HE R B 58 R A 4R B 1 B AL
HEBE<]. 5 mg-kg™ . TAFMBITIHF 2005
41 A 25 HRAR“GB 2762 — 2005 & & i5
YIPRE” . “GB 19643 — 2005 #K &) & DA RE”

mgekg™', 1% 6 kg SR 1 kg THEEH,
XA T R EAR R 2 0ER 4
2% RRAREZ A A FE B B AT B

ZHR B “GB/T 5009. 11 — 2003” # iy J&E F 3%
JEERE B HEAT I, A LR W4 R T LAF L B
SRE R ERE S P LTI AR, BRI
100%, XHERE R EGB 2762 — 2005 & &+
SRYIRE” . “GB 19643 — 2005 #KH 5 T AR
W7 TR A B 2R & R LR R E AR o, R TH
B LHEENBETREBAEH BAEARBE
e, HE, ARGHBECHEILTE
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M 2 MR 4 WEBIERE KT 260 E
TR AER vk Vg i R R LR B R 4 R R OR B
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B2 T T Al A 1 ok ] 5% 2 4 TG S W7 2R 4K , 72460
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The survey on overmeasure of inorganic arsenic in seaweed

WU Cheng-ye', WANG Qi-xin?, LIU Zhi-yu',
CHEN Cai-zhen', CAO Ai-ying"?, XI Ying-yu'
(1. Fisheries Research Institute of Fujian, Xiamen 361012, China;
2. Fujian Fishery Technology Popularizing Total Station, Fuzhou 350003, China;
3. The Food Department of Fujian Agricultural and Forestry University, Fuzhou 350002, China)

Abstract: China is a large seaweed-producing country, and the seaweed is one of peoples favorite
healthy foods. However, over-standard inorganic arsenic, which is bad for health, has been detected
in seaweed recently, according to the newly promulgated sanitation standards of seaweed and the
standard method of detecting inorganic arsenic in food. In order to analysis the causes of over-standard
inorganic arsenic in seaweed, the author used the national stated methods to analysis the content of
general arsenic and inorganic arsenic in seaweed such as laver and kelp from home and abroad.
Meanwhile, the variability of inorganic arsenic contained in fresh laver of different harvest periods,
together with their processing products, and the water of culturing farms has been carefully
measured. The results were as follows: Firstly, the inorganic arsenic exceeded the standard at large,
with the ratio of overmeasure up to 100%, according to the standard of GB 16643 — 2005 and its
detecting methods. Especially the difference of percentage of inorganic arsenic to general arsenic
fluctuated greatly, from the minimum discrepancy 27.0% to the maximum 79.4%. Secondly, the

!, on the

minimum amount of inorganic arsenic in the water of culturing farms was 0.26 mg-* kg~
contrary, the maximum amount was up to 3.16 mg+* kg '. The content of inorganic arsenic was
different not only during different harvest times from the same laver culturing farm but also from
different culturing farms and different seasons. The amount of inorganic arsenic in laver of first crop
was highest and the lower in latter crops. Overall, there was no a linear relationship between the
contend of inorganic arsenic in laver and in the water of culturing farms. Thirdly, the matter of
overmeasure inorganic arsenic was also presented in the test of different brands laver from home and
abroad with the GB/T 5009.11 — 2003 stated method. With the Hydride Generation Atomic
Fluorescence Spectrometry method, the range of superscale was 5.3 — 15.5 times to the standard
limits, the ratio of overmeasure up to 100%, while the ratio was 86.4%, 1.3 — 1.9 times to the
standard limits using the Silver Diethyl-dithiocarbamate method. Hence biggish difference was
observed between two test methods. In conclusion, arsenic was always formed as small molecule
organic arsenic in seaweed, which would disturb the results under the Hydride Generation Atomic
Fluorescence Spectrometry method and the Silver Diethyl-dithiocarbamate method to some extent.
Therefore, the two detecting methods of GB/T 5009. 11 shouldn’t be applied to test inorganic arsenic
of seaweed owing to the different results with different testing methods. Recently, enterprises and
consumers are puzzled at the delimitation of inorganic arsenic in seaweed without uniform standard.
Whereas the special presence of arsenic element in seaweed, not bad for health, it was needless to
restrict the amount of inorganic arsenic in seaweed. .

Key words: seaweed; inorganic arsenic; detection methods



