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Removal of Inorganic Arsenic from Steamed Hijiki Sargassum fusiforme
Concentrate Using Activated Carbon

Eun Hye Kang, Ka Jeong Lee, Mi Ra Jo, Hongsik Yu, Kwang Tae Son and Minchul Yoon*

Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

The edible sargasso seaweed hijiki Sargassum fusiforme is known to have high concentration of arsenic, which is
a threat to human health, particularly due to inorganic arsenic. In this study, various methods were used to remove
inorganic arsenic from steamed hijiki concentrate. The highest concentration of arsenate [As(V)] in both raw and
processed hijiki during steamed hijiki manufacturing process was within the range of 8.213-14.356 mg/kg, and it is
a potential source of inorganic arsenic, which can result in re-contamination and cause environmental pollution. The
removal efficiencies of the various removal methods were within the range of 57.3-83.4%, and 19.0% reduction was
achieved using activated carbon and alginate bead. Further, activated carbon showed the best adsorption effect of
inorganic arsenic. Therefore, we suggest that activated carbon is a suitable efficient method for removing inorganic
arsenic and has low operational costs in field applicability.
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F2 0]%, chAlu 53 o] BREL ZxFolo], Selutel A Y 5 A S 9o AHE 1 9ok Ry and Kim,
o Woleh Al Aol F2 4TIk 10 22 Qak 2006) 30 % 7K BN WIS B 1oL
SeURell A 41§02 o] o §531 9or T4, wlehl, 3 HE B OAS of/| 4 Glgo] Bt HYITHNick-

frax 2ejal Z4E wlv|Eoe] FHeke] 2T AAEL R ﬂﬂr son et al., 1998 Berg et al., 2001; Joseph et al., 2015). w2}
W Qlek, SRARE Foll = thE SR et ge] Frlul vt ok A FZ o83 AFTFE I ol A WSk A S Uf 3L
B Eoi e Aoz dEA 1o, 53] 77|41 424l arsenite = 720 ot 7 AE e d W FR| a7 A A E

[As(II)]2} arsenate [As(V)]= &-7] 8] 2¢1 monomethylarson-
ic acid (MMA), dimethylarsinic acid (DMA), arsenocholine
(AsC), arsenobetaine (AsB)X.t} ¢F 70-7004) Z4Jo] 735}o]

A Sot wlpof] ofRt e WAIE 97t F7H] 0] A|A
714 A7} LR ARolch. A7HA] G3) F54 AATH]
-?‘]_5‘]' o:]?_Eo] §:]—H]’;] /\ggﬂl (/)V]\q_ T %_ ;(17@]@’ OOT-‘O]% BT

AdF ol eJgk Q1A 18l - 7F =2 A% o]thRyu et al., 2009). gh &2 o AR Fol AAE oW, S Aelaso] @
0|9} o 0|92 B 5123 |, 23} 7FAIE A Al eHA 1 &R w714 2] 7F e sitts thdo] At o] 2a

27 Bl YRS U 07154 AE AL T o h Ak e ulwa e uld AgaTh AR ule] et &

et 5 QA EAo] o rlul Ao wakH el A7 3
Ho| waerolth. B3| 13 £ 7}EAIE AHY 3 A4

FH[E O 2 QIR WA G 7He/d o] v AlAS Al sl =
TH(Choi et al., 2016; Kim et al., 2017; Nam et al., 2017). &
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A o] &7t F7IH]| 4 A|lA 7ol 7HE BrsHA AR-E 1L
Qlom, AME-EE= SAA 2= &8 72(0h et al., 2010), £ A
(Lee et al., 2011), 7€ (Masue et al., 2007), ZJEH(Chen et
al., 2007; Yu et al., 2008; Lee et al., 2009; Shin et al., 2015),
g4 ek n| U (Mondal et al., 2006) S-0] 9lt}. o]Qlo &= A
& S2A| 2 AR L alginate bead § ©]-8-81+= W o] QiTh
(Gupta et al., 2005; Yang et al., 2005; Chang et al., 2006; Park
and Lee, 2017).

BT b2 FAAl] s Ao R e vEUAS
73 Glo] elef Hoke] Fa4 A% 714 B ok
(Jimenez et al., 2012; Huang et al., 2015). 3}A|F 0|2} Zo]
) S A7 S 915 Thaket WSl A E oY £ 7t
TAT 2 WAH G| 7P 17184 A AT v
Pl B oA % AR B MAske A S
W F7uaE AASH: 7sE sk ] f8l drides
§7% 280l golst ZAAZQ 2 7= (34, Ak £ &
o, alginate bead)S 2-8-5t0] 7] Bl4: A &S v &
A5}l

Iz H U
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HEEY B RHik) TuLTEE vTs] A6,
2018\t Hepd e Qmt, SHegt 9l AljkLol Al 5 d=
£} 71 BE oA 7HEE %8 Bl AR 2apw
A T erald T, S 4712 7](FDU-2100; EYELA, To-
kyo, Japan) A% 5 Hajsio] FASAIZT AR
ARRE 2eaE 24 AX(MIlli-Q Biocel; Millipore, Bil-
lerica, MA, USA)Z A3t 18 MQem4F0 2 AME-31% S
o Aol AR 7|7 9 87+ B 1% (v/v) HNO, (supra-
pure grade; Merck, Darmstadt, Germany)2 A 2}3}o] 2]H-<
A A5k
FI7H|A SEH|

71H] A E2HA| = SA El(activated charcoal powder, ACP;
Sigma-Aldrich, St. Louis, Mo, USA), 3llAKSea sand; Junsei
Chemical Co., Ltd., Tokyo, Japan), & &' (steamed hijiki
powder), alginate beadS A&l F BE-S A3t £
A3 & Baflsto] AREsS 2™, Alginate bead= 2% sodi-
um alginate (w/v)E 0.1 M calcium chlorideo]] $+ =24 g o]
w e R z3he] AHg-shaict
25425

7|4 EA4 0 tigt f- 8 HE2 AF = (certified
reference materials, CRM) 7405-a (Hijiki; NMIJ/AIST, Tsu-
kuba, Japan) o]-&3}o] 2144l &3 (limit of detection,
LOD), A=A (limit of quantitation, LOQ), 3|8, &+

83 FUAE BHelEkh LODLFLOQE A% (1 ng/kg)
E2 84 9] 73] whE ZAT 4hS o8-l AlxtskAirt. 244
ANRE LT FE RGN HAFA L F3f Eelst

3 V) 18] 3 842 (Ybias) CRME

F71H| 47} hE Al £ URE 2R AFE &
121°CE 158 57t A5sto] A|zstqlet. F71H|4 A E
< 93l WA 20 mm, =°] 40 cm?! open columno] 10 g,20 g
A FHAE 22 SR8k ARSI S%1% column 100
mL 2452 A2 &, 21&H 5 mLS loadingdte] 105-7¢
FAIBFATE A A] 42 £2E(unbounded fraction)2 100
mL 242 AlF, A83F &, membrane filter (polyvinyli-
dene fluoride, PVDF; 0.45 um)E o]-&3}o] oj1}5}0] o] & I
ST NEEREET Y
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T HERES 11 (viv) 2 412 89 20 mLE FaL Al=9f 8-
o] E3HE 4= QLS Wk, IATHEY 22ukA 22 A
ick. ol 43,000 g, 108)3k0] A5l 02 214
YROR SAT FHEL 25 WAL S T AFAL T
Z membrane filter (PVDF, 0.45 pm)E ©]-&3}o] oj1}s}aL,
0.2% 4t 25 mLE o83t 2T s|Ase] ofg SAAR
2 ALgshnt

H|2 3lete B8 ZE2 arsenocholine (AsC; Wako,
Kyoto, Japan), arsenobetaine (AsB; Wako), monomethylar-
sonic acid (MMA; Millipore Sigma, St. Louis, MO, USA),
dimethylarsinic acid (DMA; Millipore Sigma), arsenite
[(As(TIT); SPEX CertiPrep, Metuchen, NJ, USA) 12|1! ar-
senate [As(V); SPEX CertiPrep)E ©]83}%.2™, CAPCELL
PAK CI18MG (4.6 mm>250 mmx5 pum; Shiseido CO., Ltd.,
Tokyo, Japan)E ©]-§sto] &e|stal, HA|ZEutE 1Tzt
23 FEAgEetxnt A4l 7] (high-performance lig-
uid chromatography inductively coupled plasma mass spec-
trometry, HPLC-ICP-MS)E o|45}o] 7l =2 A3l
.

SHEA

nE B4 A= R Z2I3(http://cran.r-project.org, ver-
sion 3.6.2) 4] 95% 4l=|Eo 2 SA A4S &
O F71H] 4 JFFe] f1-9] 2101 Afo] & Felstr] f1sl, agricolae
packageS ©]-8-510] T-test®} One way ANOVAE 438515 ©.
] AR A2 Duncan’s multiple range testS 4345}
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Zuar 9 o Hazskar Qlek ERF CEC (2002)= a4 5 #1%(valida-
tion guidelines)oll 4] H&/d 9] 5|87 1 pgkg mIRt, 1-10

FIH|A BMol Red HE ngke, 10 pgkg 23} Swol A 7+ -50%~20%, -30%~0%,

B Ate] AP BRI o) $EA AEE ey S04 10% 2 Hush alon] USFDA (Q001)= et

T} LOD®} LOQY 22} 0.074-0.155 pgkg, 0.234-0495 pg/ o = 921 8187123 2 20% mlik, 15% v[ite.2 datstan gl

kgs Upehdon], Bl ML 09990402 Lye of, wheba] 2 o] 78] 4 242 o] & 387 |E2 WESH
3

rl

Jri(Table 1). T3t CRMEAS £t 8-, Aoty 1g e @dhs w2 AsdS she o2 Ardn.

AL GRES QIR Ay, F7EA As(V)oll digt ofe Xd, SEE HAS 24 21t

Y698 2ol BRI 1%, WEECCVIE 202 g sjopuy g vl 24 ATH Table 300 Liehc
LFERGTH(Table 2). CODEX Alimentarius Commision (2008) BE 912 FoflA] B]u] 20l As(V)2t As(IN] SR §714]

L 71244 AZ0IA 1 pgke, 10 pg/kg, 100 pgkg B-41% =

29l MMA, DMA, AsB 12|31 AsCojl H|3j| A& o &2 1=
of| tht B]4-8 3871552 2+ 40-120%, 60-115%, 80-110%2 B L2131 AsCef v A i

el em As(V)9] ghak2 8.800-11.988 mg/kg, As(I1)2] ¢F
2RO 20,097 mgkgl & ) REL] BrjH|Ak As(V)Sl
o2 pebeth o]} 2 0 22 Wulk ke o]u]

2 Aol A H a1 EH} Qlck(Narukwa et al., 2012).
— Aol ga £ As(V)= FAR 5202 ey ot Al

Arsenic species

Parameters oF Fofl A 11.988+0.114 mg/kg O 2 FolA 02 =7 Vel
| | As(V) As(ll) MMA DMA AsB AsC CHP<0.05). A% 712 T4 ¥ F7)u] 40| MEl2 3] )i
Linearity (R?) 0.9999 0.9998 0.9996 0.9998 0.9993 0.9999 A1k, A7 3} 7FE F9] As(V)= 20|k Halr} et

Table 1. Quality parameters of analytical methods for determina-
tion of arsenic species

LOD(Hg/kg) 0.074 0.078 0.101 0.155 0.122 0.153 ?%’7‘]1%2_3]3% -?r—q@'—(li _%(_7]_5}_% 735’4—3— ‘%E}ﬂE}(P<005)
LOQ(uglkg)  0.234 0.249 0.322 0495 0.388 0.488 o|o} ZHe- A=, AE 7H5- $13 Al H, A<i(steaming), 12

LOD (limit of detection)= 3.143xc (o standard deviation in the
seven replicate determination of standard solution); LOQ (limit
of quantitation)=10%c (o standard deviation in the seven replicate

AR E B0 Gt 2 GG A G 0
2 AR DA O R F ISR F 0B AEL A%t

determination of standard solution). As(V), arsenate; As(III), arse- 7] $l8i A= 5% olshe] AR A |y Asg & a5k o] 3t
nite; MMA, monomethylarsonic acid; DMA, dimethylarsinic acid; & T FEAET MET FAH = A o= BRIt (Oh
AsB, arsenobetaine; AsC, arsenocholine. etal., 1999). 3R]0 Fof] 2A 5= H]| A= =0l 20-3027F Al

Table 2. Quality parameters of analytical methods for determination of inorganic arsenic [As(V)]

Analyte Certified value (mg/kg)  Observed value (mg/kg) Recovery (%) Accuracy (%) Precision (%)
CRM 7405-a
As(V) 10.1+0.5 9.8+0.3 96.9+2.7 -3.1 2.8

Accuracy (% Bias)=[(Mean value for the seven replicate determiations-Certified concentrations)/Certified concentrations]x100.
Precision (%C. V)=(Standard deviation for the seven replicate determiations/Mean value for the seven replicate determiations)*100.

Table 3. Concentrations of arsenic species in hijiki by production area and processing step

Production Processing step Arsenic species (mg/kg, fresh weight)

area As(V) As(lll) MMA DMA AsB AsC

Jindo Raw 9.357+0.1108 0.034+0.003%* 0.012+0.001®* 0.205+0.013%  0.829+0.013* ND
Processed 8.813+0.252° 0.438+0.0132* NDa* 0.240+0.013>  0.332+0.017%* ND

Wando Raw 8.800+0.005%* ND1e* 0.008+0.004%  0.099+0.006°*  0.796+0.058* ND
Processed 14.3561+0.085**  0.389+0.027 = ND= 0.434+0.023>*  0.340+0.0042 ND

Shinan Raw 11.98810.1144 0.097+0.003*  0.030£0.001~*  0.279+0.006*  0.820+0.005** ND
Processed 9.728+0.416° 0.352+0.053*  0.001+0.002>*  0.358+0.0412  0.293+0.002°* ND

ND is below detection limit. As(V), arsenate; As(III), arsenite; MMA, monomethylarsonic acid; DMA, dimethylarsinic acid; AsB,
arsenobetaine; AsC, arsenocholine; *, Significant difference between processing steps (P<0.05). The different letters (raw; capital letters,
processed; small letters) in vertical column indicate significant difference (P<0.05).
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Fig 1. Potential source of re-contamination and environmental pollution of inorganic arsenic (1AS) during steamed hijiki Sargassum fusi-
forme manufacturing process.
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Fig 2. Removal effect of inorganic arsenic by absorbents. The different letters indicate significant difference (P<0.05).

Aot A E e wf oF 32-60%9] v A7t AAEE AR & Hanaoka et al. (2001)0]] w2 3 &0 v 4315ha-2 4
2] qlom AﬂzUr AAe= 29 2&7F okl whet A1 A ST A 8A3E 2 B EY RS f A FEHE &
£ Z7VH= A o2 4eA 9lrHanaoka et al., 2001). wHat Azt HhH Folli= F H]4x2] 50% o] /do] I H| A EH = &
S-S 71—5#*3 F A== AA, A2 £ FH 4 At F718]142] 95% o)d2 Eoll Qe FEE= AR &
Azt 283t aupr} gl Ao g AR Ech B3 A, 24 A Qlrh & 52 o] 8o Al A T} I A 1 & S8l o HE AlA
I of| A s Aol M=AsHE AAlsk] S8l aEE He AeR dA lth(Narukawa et al., 2012). whepbA] 215
£ AsAS AQgEet Mg £O] 7|4 TheFe] §-4] 78-S S1gt Al AT} Az 3o A F7]H| A Eo &%ﬂﬂ

U dse o1 7is/d ol AlekFig. ). HiEE 7s/dol vl oH olFA AL TR F5E 771
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Table 4. Maximum removal efficiency of inorganic arsenic by treatments

Final Concentration (mg/L) Maximum Removal Efficiency (%)

0.708+0.131 83.4
3.276x0.069 19.0
3.567+0.071 71

4.759+0.791 -14.2

Treatments Arsenic species Initial Concentration (mg/L)
Activated carbon As(V) 4.259+0.048
Alginate Bead As(V) 4.045+0.098
Sea Sand As(V) 3.839+0.064
Steamed Hijiki Powder As(V) 4.167+0.053
As(V), arsenate.

2L AL QAL 4 e WA A a4 284 9t
(Fig. 1). 53] 71537<] 2714 24471 A9 glo] vtz
=9 ol A9, FH sl2R7E A LAAME TRl =
oo} Fol, £ 757 T sk A FrIHa &Y
QaE AASH | {13 F718|4 AlA 57 o] BE=A| H e sttt

23t 545 85t S5 AASH
° Jeble=a A
Al &eto| QL sijAE E8-5to] FolQl 7=, e, of
= aEo g AT 4= S0l HiErh(Kang et al,
2016). SFA|TE 1 A-Fol|A] SiARE 83t F7]H]4 AANE
= &0l A2 ol w2 F7]8| a9 §-of3t Al A & k= UEht
A eFoket. v]AskshE-2 pH 229l o] 254 Ko, 11
% As(Il), As(V), DMA 9 MMA = 50]22 =w BHH AsB
(PKa 2.2)+= 9Fo]& S-& zwitter 0|20 & A& A ¢Jth(Hirata
et al.,, 2006). TebA] SAR= o]l F7]8] 4 A Aol &u}A]
oA gkom AARIE =o]7] YAl Al EH|| Holut
W ASRES st AARES ST AR 8F o] 11
oflA] Z714Q1 vl-&-d WS A 02 AlmETh
IR EH o2 E Fa5S FAsle] Eefshke 7leol
] &8-5a1 919 g-L-gulurononate®?} o-D-mannuronate” |
APA%(1-4 23 7125475 7HA 2L Qlo] a5t 4
7 AgFsE 2 Q1= 22 7121 QIEKChoi and Choi, 2004).
2 Aol A alginate beadS -85 F718|4 AALEES 4
Yot 71 A}, A8 alginate bead2] ol whet -]k
AAZIE JePHTHP<0.05). 3HATE 27] F7]H]4 el
4.045+0.098 mg/Lof| A *]2] 3 3.276 +0.0692 19.0%2] AF
Aoz e A A a8 et Table 4). Alginate bead
AA| AL} BRRIZIA| 2 GFol 2 Fadat FAA o] o,
Fol& F7|H| A5 BA 0 & A| A A=Attt &
YAE Aste] FRAAES T7HIAT T Ao & AlrEH T
FaH AAE A4l dlx7E SE&3 T2 A7 3

Haglen ol sj2fF 2H Y SAsE st Ta5e A
A QA7) 715817] Wit Choi et al., 2005). 3] 2%
e Aadateo] Hold Aor oA glei(Kuyucak and
Volesky, 1988). & Aol A= Akl g &gt F7H]
& AA AR stk sHAIRE ol gt AlA A= et
A| QAT

u
15 -
29 FHpak 9lolA o] £agto] golstrhNakagawa ct al,
2004; Lee et al., 2005). T3t of 2] 71:2] S0 A 2| H SAJEHS
7gsto] A 4= A28 A 2 &85k ArF Eilst
7 A& 31 Qlck(Reed et al., 2000; Vaughan and Reed, 2005).
o3t EJeHS -85t FUIH| A A A A S Aaf, /e &2
ol ojEA o8 & F7|8|a AARTE Vbt JA] A
2] A 4.259+0.048 mg/Lofl A A7 3 0.708 +0.131 mg/L
2 83.4%2] -2 A AREL SIsHTHTable 4)
ol4fe] AT Fa, o] ol Y wlit

BREA] Rg A0E Uehiith BT BE ]H4 A
7} 4%l Ak, 3 He] ool o240 2 e 17]u 4 A A
RINB3AY)Z LFEkT). o] 35 FATHE ATHAQ) F]H| 2
Ak 7147l Slat e 57104 Fapelmyt ofjet He)
3§l Aol MAskA) ok B3 Hla) 42 7
31 glow] B3] B 7]l uls) WA go] folshel A He]
ehe 2 S 7H 3 gk webd B A ATH: £2 o] g3
ABIFEIA A BASHE Tz 7|10 o 13 A%
A 2. W) 8l A e] Hj50] 7 0. WA E Slak )l
G AA7IEN e 4 9 Ao AR,

iy
o
rr

Al AL

of S 2021WE FysAbotl AT AR
(R2021060)°) A 2L0.2 4345 @A7olm @A7u] o] 7t
EERES
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