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Abstract: As an important indicator of marine environmental monitoring, arsenic is very harmful
to the environment and human health. Because the forms of arsenic are closely related to their toxicity,
migration and bioavailability, the speciation analysis of arsenic in seawater has attracted the attention of
researchers in China and abroad, leading to continuous update and development of the analysis method.
In this paper, the research results of speciation analysis of arsenic in seawater in the past two decades are
reviewed. The basic characteristics and practical application of arsenic separation and enrichment
technologies, detection technologies, and a variety of combined technologies were mainly introduced, and
the future development of arsenic speciation analysis in seawater were prospected. Based on the
characteristics of less reagents consumption and higher enrichment times, solid phase extraction (SPE)
and diffusive gradients in thin films(DGT) have become the most important separation and enrichment
technologies for arsenic speciation research in recent years. Adsorbent and binding phase are the key
factors affecting the pretreatment effects of SPE and DGT, respectively. Therefore, many scholars have
developed a variety of adsorbents as well as the binding phases. Advanced analysis technologies such as

atomic absorption spectrometry, atomic fluorescence spectrometry, inductively coupled plasma mass
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spectrometry and other detection technologies were integrated with adsorbents and binding phases to

determine the arsenic speciation in seawater. These combined methods are effective and innovative

strategies in metal speciation analysis.
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] P g RE BF 5 MILAG) 22 WA A ) B L AR 4 J2 B0
Y, ¥ As BOLTEHLER AL A 51 k- Xof N8 — 2
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TR A ) 5 1 K29 2 ng/mL, W 7K SEARAH X
%, A R T, 52 2% 0 SRR 1R R
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TR AT BB DUIE AR SE 4 5 AR 22 5 Bl (0
W FLVTVE 5 BRI AR AL A W& — R
R T 7 . Tuzen 5512 )RR S E TR A
AL(NO,) I W, SR 5 A28 #h ¥ W04 19 pH , 10 min
A A B AL R UTTE L As (V) i B i AL E Ak 4R
LALCOH), JUTTE AT 43 15, L0007 AR A ECH 25
T S R A0 T IR AL 000 7 e it v A R 25
Z TR L T SE PR K RS R f AL 8 K K LA
KgAK AsCID AT As (V) B & 55087
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PR AR IO TRk 22 B T B AR B (SDME) |
IR B T WAAZE I (RTILE) S AL (CPE) W43k
WA B (DLLME ) 48 2 Fopi B4 AR . Horh 3k
TR — R R AR BT A S BE PR, A FLZE BBGRIE AR 2D, 2K
RORAE ARG BRE T 5 2R U R 2] B
HERE Gk s DG R Oy vk B A
AT T A EE (46 5 & R =K AR ) EW R Pk
ain PR S TCALA IR BT A B AR L R — R AU
OB EEROR

Rivas %5 DAL e — i A 220 56 F ik % (APDC)
JEEAEF AEPH A 0.2 ~ 635 I, As(ID) AT Sh( I )
5 APDC Vs A= iU G W) 26 AHIAE CHLOH Hr ) CC,
TR, B RO 115, As(V)FISh( V) AR5
APDC S i 1M B3 #E 7K A o Campillo 254K T #H O
Tt T~ AR BT R SE AL R AT T R A - R Tk
S163E (GC-AED) ] 5 DMA \MMA . TCHLEE 2519
5T, TR G G B LE ST, 3R
ORI ERE I E A AR K DMA  MMA | TEALE B
ARG R 235124 0. 05.0. 15 F10. 8 ng/mL.
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(PTFE) %, Ja ok XIF R T H R B L Sk R A9
fER (PPMs) , 8 3 R 4R B AHAE B (SPE) A, v T
& AR IAEE Th ICHLAR AIAT AL

dos Santos ZE 5T As (1) fE 5 APDC & i %%
G, 08 PTRE W BRI ALEE , 38 1 T —Fh 7E 28 10
B4 R G H T I SE PRI KRR Sy AsCID) A1
SV i . Montoro 85V HEAT TR [ AH £E R AE -
HL BRI A 5 B T R T B0K FH 2R 2 N T ML 1) T
AT . B 1, 5002 ML RE L ) 3—fie FE 2R I 7 Y LA
AR (PSTH-MNPs ) DI L1 Fe, 0, 1 M 44 K5
7R R W BRE A ), 2 A AN S 0L A% R 3 o 9
pH DL SN R 340 S A5 AR e i As (I ) LA T AL
R0 VR B, As (V) A B2 0] ply A 55 As ()
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Bennett 258 % Pl %% KL Ak REBR 1T LA o8 £ 0 4t
A2 AsCI ), Ty HL IR B o A5 K, J2& TE LA IR 25 43 B 7
FRAR R B0 K 3L iEER-DGT B H AR 5 Metsorb—
DGT 145 & 40 B F AsCID) FETC LA 1 & 4 0
Mgl ZE 5 As (V) & i XA A 5 kT
YA B i 2 AR K o As (T A As (V) B FPIE 2
VR . Sun 55 LUEAES 25 A HHIEAT T IK
HICHLE ) & 4, B ES -DGT XA 1 As ()
HTAsCV ) I B 5300 Ry 94 e/ o A1 152 g/ B, %

i 43 31 2 R B KRB -DGT Al Metsorb—DGT A

5~13 451 3~ 1345 (LA AL B -DGT XK As (1)
) I AR T3 B AR E-DGT AW i, 1 240
Al T CeO, 55 G4\ Zr0, 256 H K Ce0,/7x0, 2
BEAH IR = TR As(IDFAs(V)
MBS, KB CeO,/2r0, 52 & 456 AH B W BF P REAL T
U CeO,8% Zr0, 4544, Ce0,/Zr0,~DGT X} As(1II)
AV ) BIA BRI A =535 77. 8 F158. 1 pe/ 1,
XI5 7K FASE AL 7K 2 A7 W BRI 5 3R W, 45 6 A I
AsCID) AT As (V) 14 5 2 15 1 ) 52 R A 2R M &R o
Gorny 55 B X 3-F 3 H BBAL —SAALRE BRET
foak BRI AN SR AL 4 RN I M RE , IR AT T AR
Shy I8 52 90 T DA 000 2 R K NV 7K HR R e AR 2
B DGT MEREXT LA ST . 45 R 3R, R DGT & H
FIRIK NG K AP A 25 040 2 B[R] 58 96 h, 3
pH A 5~ 9, DCT P REIE AN 37 B3 5 B A 52 1, AN
Bral oS [ s ioh- Al

TN BT W B R R R
AR, Shinde 5l 245 T & Fe™ (1 B 52 6 WM
I (42 B 18 T i — TR A TR A 6 ), R B 1% Tl 1 5
W5 Fe T8 BURHR (19 52 50, AT By 1k FLAE 5 R 1
FER AW PR A A 0 Fe AT e BRI s I A
AsCV )T As(I) o S5 R U], #E pH R 2 1
FAETT BRI IR Bk i As (V) W die K
1.5 ik

FERR TR 553 Ar v, 5 A i o g R 222
A ETE(GC) R ROR AR i (HPLC) F1E 445
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HLUK(CE), i HPLC 2 it . A FEEIE AN
AW, S ik B AT L B R/ NI K A
ANIF), HPLC 43 B 4 AR HAT 8 1 43 B Re 7, 38 4
74 (8] 2 AR RIS Sh AR 9 2 B B pH SR S R KA
B 1) 43 B AR T ORAIE R I 2 53 A 50 s B
MR e RIS A 8] T 2 M IE
BT RAFAY R AT . HPLC 32504 SR v i A
3% (RP-HPLC) | & 1 (3% (1C) L 85+ XF (2 3% (1P-
HPLC) FIE F a8 e ok (TR ) 5 2 1 HE U+ (i ik (TE-
HPLC) , 5JEF20 60 A 8 TR TS, By
ZIA H A SRR R I GE ) .

AR P L PRPX100( Hamilton ) S [ 8 752
e, A 15 mmol/L (B R — &0 %% 2% vl (pH=6)
TLBH AR e A B 1 AF A U A9 T, i 43 5 T it
K As( L) .DMA . MMA F1 As( V) PUFHE 45 .
Nakazato 55" R B AL SRR G W IR L 72 8 7 HE R
g, DL pH=2 PHE S IR A PR, BId ie &2 1A
Er A R LT KRR B AR G 4325 As (T
F1As(V) MMA,

1.6 SUMEREE

E—ERREET , NS AL Ah sl B A5 ok
BT A M PR M AA R A S S ML A
SRES R B, T LR KRR R S T
P, 2 0 40 BT 1 R AEORE 1 R A R L
MFmMIESm ok, B0 S ey & E
M B I 5 R i R A TE LA AR S TR TR
Wi R T A B TR | S I
TR 25 20 BT o Q7K v = A R A B 25 40
B BT 2666 1EE ) (HY/T 152—2013) HiL5E KR
TG K ) As(TH AT As(V ), As(TTD)
A N S A B O AL A, As(V ) T &
TR MRG0 R A S5 Ak ok As (T J& |, P Ak ki
AT E -

2 KemF ik

AP 25 20 BT BRI 7 v G v Ak AA ik
JEF MR -2 | B B A5 B R TS A
Bl BT S AT )92 E R FR A ST, 500 5/
& AR [ v R MR R I AR B R AR E )
R SETORRIROE S B4k 24 A L AN ]
AR AR AR . H At g7 a8 2 281 i)
IR AR B2 k- IR 7 (HG-AAS) V&l

Y-JRF 956 (HG-AFS) AR (i - S (b - i 7 7%
N (HPLC-HG-AFS) R AH 03 — FL BN & 45 5 114
it (HPLC-1CP-MS) % , H: ff HPLC-1CP-MS J& Bk
FH 73 v e B R SR S5 1) o R U BOR 2 B i
NIRRT SR T RIE AT I R 58, I HBLR
/> HPLC-1CP-MS 5 [ FH A% B 75 26 [ AH 2 BB
FAR I F K AP IS 43 BT 0 428
2.1 HEX

Hashemi 5" 4 770 FF 5 b JC AL ) 53k
JERE: o B TR BRI A T S BT A AR As (1)
M As( V)AL, 765 CFIEET 54 S AR R A
1 2 T 1 WA YRR, i i e b S i v e R 6, I
T 1 5 R AR AE 524. 2 nm Ak B W' EE AR Ak Sk W
As Frido I R/ R B0 AN ER R A 5 40 0l FH TV W rh
AsCID) AT As( V) & e & 4. ke A T0K A
KK AT As(T) \As( V) BIFRIEIR AW, ISR R 47
(96%~102%) , H:rp As(TD) G HFR 47 0. 034 pg/mL.
2.2 BFE

HL T2 vk — AT PHA I8 AR e PR S Hh it
A ERL AN 925 4, ELA R AR AR R ] PR e R 47 A PR
% AR A PL A, H TR 48 B S50 HT .
HRA% 7 H AT AR HEA T TCALAR T A 09 5 o

Salatin 55" ) F 4 1o 22 Fa A , SR FH BH AR 7 s £R:
1 (ASV ) XHIR K AN K i B LA A 64T T I
o W K, 5 Z AT AT 45 S CnF 20 0 R M 4
) M 2, R 4 22 Fa A, R AT pH 4514 T
HB AT LR B AR 5 Hh AR e vk AT As (T (430 52 , T
HAEEMRA (-1 V)L pH=1 B &4 T AT L E
FEME As(V) AT ZER N As(ID) o ST [A]
930 s pH=8 i}, As (Il ) A4 i PR 47 0. 2 nmol/L,
As(IM+ V) 7€ pH=1 B 45 HH BR A 0. 3 nmol/L, H.ill
b SEARC ORI ], ] ARSI A R o iz ek Ty 2 1
DI F B KK 58K B oK TE AL 25 19 43
Mo T2z il ) DL 35 AE T, L ok rL R T 45 5 Tl
1B, AT MG . Gibbon-Walsh 557 #7146 i 4>
Tl 22 F A I S R ARG KR I As (V) ik B55R%
B, A T A R AT AE I, As A 500 0 R, S2 56
A 1~2 wmol/L 1Y Mn i M 23 & E Mn 8% As (V)
AL Mo (D) As( V) #EE R As () B9 J2 v .
WURAE A Mn & 2 B0 IR A B AR
FRAS I Mn AW o 1207 15 D000 KR T B AR e —
AN T NGRS W, N T BRI pHL, [ Bkt B
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T T AR AR IR R R S B As (V) B it
AR, o] LA KB R AT A i O AT Ar] b 5] ) op
As TR AR 53 HT , 4 UTRRI ] A 180 s i, As( V)
B H R A 0. 2 nmol/L. 5 AMIIFSE #3047 TR £ 4%
PFR R S8, A il KRR i E pH=8 1Y FI SR 2514
S5 5P S UM A%, DMA MMA XF As( V) (930 52 A 5%
i) 5 24 i R BE N 1~34 BF, T %) 52 B8 5 A A ik
A 5 X W K BR ) NASS=5 A B IE 2 0, As 1 22 (R
(17.1£0. 3) nmol/L, 5 ¥ ¥ 43 % {H (16. 96+0. 12)
nmol/L JEAx—F
2.3 EFRUHEE

JE - W AL T2 A5 o B T I KM DR T
W AT P A D IR R, LA T PRl | SRR R LAY
AR T P R e 22 i e 0 3 5 FH ORI 2 i e
BB, AN EEH TS, FE S5 a1k
Wy Az s AR R B0 5 B BRI K A
N2 B S P o B R A TR A AT
2.3.1 B FEF I

Rivas 25 R F A 880 5 7 Wi 647 T e
K LA R AK FNEE KRR & TE LA RN B B B 25 2 BT
ZERA N . I LA APDC N EEA 5, 78 pH=1
ik As CID) 70 S (T ) 55 bt i Jog — A 2 5k P 1R e 2%
A, JE A HUE U S Ak A (A2 B 7)) L H B (0 T
) FIRE S IR R AT B 4 /N T, & AR
R 1. AR B A B A AU A PUAREA
AP RS T As(TID A ShOID A E . As(V)
FISh( V) A5 APDC R A AEKIZ . 53 B—1y
FE  FEAE BT I ABRACBR R B As( V) FISh( V)
W JFEA As CID) FTShCHL ) |, 48 J5 I 52 & TS AL AT Sh
FIVRIE . As(V)HISh(V )43 3l i 22 E A T3
As (I ) FrSh CI ) (4 A 3 BR 4351 2 0. 01 pg/L Fil
0.05 wg/L, M3 AH X A% HE i 25 4 2. 9%~4. 5%,
Tuzen 452 5R F & 580408 7F pH=9 B 3% £ M 3 i v
As( V) I3 B, 48 PET00 HG-AAS(ELH &4k &
ARG )M ERE S TP As B . A KMnO, &1k
As(ID) 2 As (V) I 5 S A AR TE UL TOTE 20
S, AsCID) &8 g S dl 5 As( V) Z2 25, EiiE
TR EAEECN 25, As( V) RS H FR 4 0. 012 pg/Lo
27 T FH T SEBR A K A5 R i (7K Tk
DL R K R AsCID AT As (V) I 543 Hr, BB A i
JAR SR I 7E 96%~101% 22 8] , A0 bk i 22
3. 9%~6. 4% . IXILVTVE J7 200 8 i 75 ZE B DLVE

Ao B (] 2454 30 min, FLAT fAT L Pk B A2 Ay AL
DUVE ARSI AZS (IR JE 3L TR R, v F
IKIARBEHE S R S b o HsS R L TE S
T E B0 B, R AR TR WS o A e
As( V), BFTEHA 0. 75% (4 KL 1. 25% B0
MR As( V) FEFHRFN As(ID) , 2008 F i BB
2.3.2  KJAJRTF IR

dos Santos 25 B AE L T = £ R 48, % H PTFE
TR B B As (T 275 APCD Z [RIJE ) 4% &
Y. BAEL TR RG-S kA - TR TR Io
TEI FHBEA T Tk rp AsCID) FLEGH I , As ()
H PEZR TR 45 R G ELHE I, VAP 7E As (V) T4 Ji
HJAsCID) JE I AE , As (V) Ay ST A As (I 25
25 o DT VE R BRAIG RS % BT ERA B v
0.5 pg/L A AsCID) AR AR DR 224 5. 3%, As( 1T )
LA A AS: H BR 23518 0. 02 pg/L A10. 03 pg/L. %
TE 28 & B &R 48] DL ICP-MS., ICP-OES 5%
ETAAS AT ICHLEH 0 2 15307 -
2.3.3 HIFEFIIL

Zhang 55" 45 G R - L e —BRAR 2k R ER
(Ni—APDC) %545 Tl & S - [E AH A ETAAS I 5E T
KR As(TD A1 As( V). i I Ni-APDC A #L
IEPTIER R TE pH A 2~3 B Bl NP b As(TT)
R FLGOVE ML) 53 85, SR I R EAR AR R
FHETAASYE HAEW 225 G0 As(ID & i, 3
HOIn AR AR B R B AN LA R A I As (V) S As ()
HEAT A S o HEUTE B & LR 228 40 000,
HKFERSA 500 mLI 207 AR R 0. 02 ng/mL.
3 IR K N K AR NASS-4 #4717 As(1Il)
N As (V) BT, bR il o 25 F 3 A — 25, s e
W3 500 97. 19%~103. 4% F1196. 6%~99. 4% .
2.4 BEFRANIEE

D 2 D6 G 1 U35 R X 7 B | R AR o L
PEVELT , A ALY R A B ARAR A AT T2 0 T3
B BT S AR O S, B S
ICP-MS A1 4 1 R, = S 5 T T 2 73 B
WA 5 TR, RS —FhEE k. (B
FEHR A LG LA A B S R I RCR R
%, B2 PREERE 5 bR B Al A IR S B s, ml R
FH M E AT Lkt

Gomez-Ariza 55" LA T B RGHE & 55 B TR
it (ICP-MS) 1 F 2 6 i (AFS) 19 ol J52 7 46 3
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FRTERIE ST A PERE , BN T R T Rt &
1% (HPLC) &k & A= (HG) AW Al 2% i) HPLC-
(UV) -HG-AFS il HPLC- (UV) -HG-ICP-MS B%
FAR LT As(I) As(V ) .MMA .DMA Fl AsB i
B AERERH], PIFE AR E AR FAEIE &Y
it BR 58 0. 3 /L, Horp R A H R AT SR AT A 4k
G WAL, R I 3 22 i A HCLRT NaBH, (9 78
LW, TER DN F IR B A A o A el
FRAH AR, AFS S S0 B8 A0 77 v , Hotk
fE (R B F B0 | FE 2 MR R AU ) 55 1ICP-MS A
lo AN, AFSIB BATIEATBUAIE L4 HT i T AR 1]
SRRSO . PP IBE AR 3T B F AR
Y NRCC-TORT-1 FlVEE7K IR /K S50 5, 38 1o A1
EUEFBRAE TN AL, AT WEE 2 B i 58 000 45 SR A
F20 . Featherstone %2 JF A& T —Ff i b I
K As(I) \As(V ) \MMA FIDMA (12 A sh &k
W KA =IO (HG-AFS) i, HAS i BRAK IR
92.3.0.9.2.4F13. 7 ng/L, HREF N AL,
5 1) RE S FR AR 0 NaBH,, ¥ 20 10 B8 F] T 9 9k 4i5 A
AL E R U RBIRE, DL % AFS i o 10 v
REAE S B o BT A, B LR BRS04
VE, 5 FAEMY LAt nT DUAE & S8 2= v H

T3 A0 BUATAT M A o I 7K = R0 AN
TEA ST IR 200635 %) (HY/T 152—2013) #l
TsE MK AsCID) A1 As( V) YR T80 6 RE
As CID) 5 809 204k B0 %5 W5 0 A 1 & Ak 9 s D
AsCID) , I ABRR-PTIR MLEREF As( V)AL A As(TI)
Je HEAT BRI 2, As (V) iRV S As (T 2508
PR o AR AU REIN R TEALAR IR A, 1 HL
As(ID) AT AsCV) AR H FRBIAR KT 0. 2 wg/L, A XS
KA TEARAL

B PFAE R R A 1A A O e B K
PR CLL Sy T B F gl -2 kA 25
12: (IC-HG-AFS) J FHH A 7 17K v 4 TR I 25 1Y
Fido 7E12 min NEN43ES T As(Ill) \DMA \MMA
M As( V), Jraf i FR 43512 1.00. 1. 68 . 1. 33 F1I
2.34 ng/L, As(II) \DMA \MMA 3 Fft fb. 45 W i) 26 1
JuFIFE 5~250 we/L 2Z 18], As (V) i £k My BBl 7E 10~
250 we/LZMa), As( 1) .DMA .MMA F1 As( V)4 F{k
A W0 R KR R s 7 s 22 7E 1. 09%~8. 8% =[], fin A (7]
W N 77, 8%~96. 3%, T 75 S H AL T CeO,/
Zr0,~DGT-E AW & A~ 5 i I a2 K A4 Al

DU AsCID) AN As (V) BB i o #4255 Mk
BEAES PR 24 h, 71 1 mol/L () NaOH 5 1 % 45
B AHHEAT Z BRI, SR 5 R I &AL -5 200k
T S B T L VR . 45 SRR, CeOy/
ZrO, 2 A4 AN As (I AT As (V) HAT 358K B
FREZ5 B, VS VI pHFTES F-5m FEXT As (T FAs (V)
(A 2 A R, 1T AR K B i £k | 5 pH i KRR
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