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Abstract

Aquatic products have a strong ability to accumulate heavy metals such as lead, cadmium, mer-
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cury, arsenic and other heavy metals. They will pass through the food chain and be bio-enriched,
and will be ingested into humans. Disorders and damages produced by oxidative stress caused by
metal-ions have been discovered, posing a serious threat to human life. Therefore, the detection of
heavy metal content in aquatic products is of great significance for evaluating the edible safety of
aquatic products and protecting life and health. Among the various methods for detecting heavy
metals in aquatic products, spectral analysis is one of the most efficient methods for heavy metal
detection in aquatic products. This article summarizes the spectroscopic analysis methods in the
detection methods of heavy metals in aquatic products, especially the atomic absorption spectro-
metry, atomic emission spectrometry, atomic fluorescence spectrometry, and ultraviolet-visible
absorption spectroscopy, etc.,, and proposes the future development direction of spectroscopy
technology. This can provide technical support for the detection of heavy metals in aquatic prod-
ucts of our country.
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1. 518

HERJUHER, WM SRR FE T B EiT L, R “ Tl =&" &RIAE™EH
LB (AR, KR G m S ESRIE N, oK™ W ERSZBKIE RS R, &f
LK AR N LR E M R T, S -SSR, ORIER R A . XA
AT Gt P HUK R R S BN, SCEIOE, ERZANELLY, REESRAREYIIR, W
B S S A R RN . BERE TR, M, 3G AR R e
HIEFVEHE . EeR S BB, AR NERAEDE, HARKKEETEL]. HeRmnk
B BAERANG, FENARN, )& 87T LA il 1 S 9 i3, thon] LB ST I E 2 2] [3] [4]
PR, BIF TS AR K 7 i o 2 < R A7) A A 2 i DA ST T

55 Bt S BURF BT IR e T AR S0, 158 T MR RBCR SR, B BUR AT 1R AL T 7K™ dh
HE RIS E . Fik, TFRXK b b g m S R A RO, RO K R R
HHE BT EREDN, XTI e 2 et A R . ) BT R L IR SR R 2
FEpRN=IE B e GRS EOR . A TR S A GRS EORA L, TR, A
Al AR AU, AR, FALSEBORIO R BG4S PR SR R [S] PR T e O AT M A v
Wik, Jesh. LBOLY:. BMERBRIE FERRRel, BT aksE, EEHTESREE T
Mo B TR EREH TR E SRS RN, HBGELRRE, A2 ARE N8R 7 ]
DS ERE T RAERN, EFEILRZE . MG BOR R, R FPEsr, ARG, R E K
TR M E RS IR TR 2. A EEN G UM E SR AOCIERR, ERREY K
WA B A S5 S RE T SRR B — R MR G5 W 73, e T AN TR 0 B T i A A s R A e 1 A
[, HOGESR 2 YIS BAFERM R R o AL 7K™ il b B < J A I 6 B 20 W7 75 72 8 FH T 4%
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Figure 1. General workflow of spectral detection
1. BRI AR —ARAS R EE

2.1, FEFRMBeiEE

JRF IR EAE N — R bR E & B e BN 7, B8 N T &M 5. BLESIR. ER
T IOR BB IS R B, S A3 N R RS G AT 5 RO i 2

JR TR IO 12 (Atomic Absorption Spectroscopy, AAS), SR T4 kG, AR, BRAES
WA HZAS, BEZARIEPDCTFRS, METFRANE BT A IR BRI — e SR 7
AR WS 2 A AR IS I AR L, AT @S AR T R E M AT s A . ARIE AR AN ],
W ) 3200 A KGR T RO (FAAS) A SR 45 5 IR IO TR (GFAAS) . Hort, IR IR IO
WA EESE . Bom iR (R R ZE /N T 1%) . BABORBTTIiRe 77 @BErkLr. e ttm. MR
i, AXTTHESMMEAKIEAE, NEHTIREESERNE, HIpEd )z TR K E 8.

PR T IR A SR B — N AT A SR AR, 1A SR RO, HEEA A
AT EIARER B OFL. R BRSNS T, RN AR B 228 AL oy, RE S R AE A
W7 VELEA I 4 S (RS [R] b KBRS, A ik AR s RS, 75 LR S bR ks I Hh i N 2k
PR FI AT BRFEAR T4 AR RSO K R B A s S5 IRk it &, B R YE T (R é
ERIHT 30 ZFh, AESER T 70 Z2ROCER, ANMKAERHT 11 MOt ER) LS. Moraes PM
5N CR A S0 JE IO s o 2R BoR & sl T T [6]. SR A A SR S WSO n R T £ AT )
FRIHTIET]s R JIAE RSO EE I E K= i Cdy Cry Pby Cu 5 Zn EHFLE, SR ER
HERR L, BRI DL AE R — WSS 2 e s 7 i . AR5 BB ARAG I H A2 PRI P
Cr. Cd. Cu. NiZ%F[8]. ZE/ASEMKM S, ARG IFH Pb. Cd. Cu, FEIEIEZ] 93%~105% [9].

JE T R B 1% (Atomic Emission Spectroscopy, AES) & Fl ] B BEEIEE, B R B & )8 IR T3S R I H
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TR RE R EPOE RO, MR AR RS &L [ 2R AS I RS e . BRI e 3B BOR S Y
MG REE (R . SRPE), XFELEE e, SRBlE &8 oo R I e BoE VAT . X PO VR R . REBUE
Sy ZMITERFERNE; RN T R ENES BRI ZE, A il SR, Ko —h i
IR, 2.2 756

22. ERBEFETHRTLHAEE

FEJRCRE 5 25 B TR R S i (Inductively coupled plasma atomic emission spectrometry, ICP-AES)/2&
R AR TG E R T B OR A [B] BB B R S RFIE RS £, IRIEAFCRRHE S22 71, S AFE& b2
BB R ICRCEE ), ARHEAE S AR 0 26 1) 5 P RA IR 5 R A N T R I & s CE = i) 7
o H T B IR M R A G 7R S 7K A B G R E 1 8 B A A U7V [10] [11]. HUBER & A
BT R T RS (1ICP-AES) B R B . v RN E 2 Fh & @ o &= L AL, X EA W AR
SENE, FEIRES T BRI N AT 5. DAHLUBRR G 55 B 12 R 1 AR G (1) 32 BRI, AR TR
TREDCIEFSRTZ R . Karami FIH B F#ER], W RBKT R, M. 5%, HLLICP-AES sk
PR ARAK P 5 R & SR BRI [10]. AR AR AR v A aRE AT AL 387K 7™, B ICP-AES [R5
AT, R BRIl WINPT R[], R3] T AR R R4S

2.3. FFFIEAIEE

JR 79 66 12 (Atomic fluorescence spectrometry, AFS)7EJRELA TAE b5 R FIRISOEEEA R . 1E
JEF I eE T, EIRRE IR E AL, RS RS EUR RO DR IR B R . IR ORI R TR
AR RS R R ST A I AE B EIRHEAR ST, R BR TG A AR IR . T IR A, AT A
A ()RR 5 TR R R B LA R, X iR R A B R AN TROR o B O 1 SRR R
(R RE & BB RS N, AR EIE IO A R BRI AR B UV O H R R I AR AT B X — R
MESHAEEFETRIT KIDCREK T, SEREESTERIT, RN MR e BKNET 7L, &nix
A FAREE RTINS, PR SR 58 3 FE I i B R b R B SR AT s B i T . R
TV I TH P AR T VA BTk, 4R T e AUE SR E AR AT AR R R R
MR, 7k ARG PR H At 7 VR AR, DRI St T S & @A il AR It F b anis . & il
MR, K. B E SR AT AR ZI AR R REBE R RIS R TN &tk
YO B o AEAPAE R T IO RAL, PR RN WU G TR . K 28 JEA LAY RSD /)
T 5%, [BEIIE N 82%~96% [12]. FIFH Ji 772 He e iyl g g = b (KU £, R} f, iy f fNyb T ) o)
F[13].

2.4. F5h - W] MRS IETE

A - AT LW % S 9% (Ultraviolet-visible  absorption  spectrometry) /& i Fi 5 28 4 Jii 1) 43 1 W UK
200~800 nm 1% X FRIFR S SR IEAT 73 il i€ IO 790 o 58 AN AT L 23 56016 R Vi and D' Ha ey 0 118 e s 1 AR
FALLE k. R R B T B - Heae s, R — K (190~760 nm)Xd 6RO FEAN R SR &
RepAd, IR e e i S e B i 2B 0C Hh R el NS BV TR, ARE A o 14 o DA 2 25
FIANIR], ANPGRS AN [RIE A BB G BEAN IR, DS D9 A0 I 8 1 o F) 25, AEAN [RIBAAS B RO 52 )
MRS R E@EEN NESEE IR T A s SRR, B ADGEENE SRR,
—RRAE LN FTRE G, WRRZ RG], BE AR R A R, AR SR B S
Y, WA DA E SR BB . BHGEAE R I B R I W M o 2040 - W OGS H e T
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AL DU AR DG 7K 5 Ta] BRAN K S TEAA il s FH A B H R A MR (R R AR A MUK B B 7, ZEARALRAE T, Al
TR ETE D 10.36~1036 ng/mL,  Jnkbr[EIWEE N 99.1%~103.6%, AHXT bR 2 /N T 4% [14].

2.5. £I4heiEsk

214061 (Infrared  spectroscopy)) 3= % /& 431Uk #5 PE IR IS 3 B U8 K (1 21 AR 2 T 51 kS 431 Hh AR Bl RE 42
AL Z e 2% I BRIE T P2 AR 1) e e I . 204 R I A8 SR Y ARE IR O R R T BRI S R R AR 4]
BifE 8. AR E R EBEAFEEMENRESMAREE, asbbiid B A N, e E, =
HEL, REER, AW RER S, Fik, el N TR SRR R EY . RS
BEAT JCHA I T 72 [15] [16] [17]. N AMR Z0F 78 5 M A6 45 S it | ik T £ 4R
R AR [18]. PRATFHERIH 7 I LLAMERE HOR IF 456 e /) —3feid: S FF In) & Ml (Least squares support
vector machine, LS-SVM)F1[EHL A% #L(Random forest, RF)5yk, SZEL T XF4%. . #7558 &8T5 de et
AT R ZE e i ) PR A M [19] o 3 4h, DGR A T BORAE K i B 4 @ Al i LA AN 1 P .

Table 1. Application of spectroscopy technology in the detection of heavy metals in aquatic products

1 RERAREKERPHNEE BN TN A

HE)E LIRS B IRZER SRUUES N P S ZHE R
Hg R ZH IR GFAAS K HH PR AN 5 £ PR 43 1) 790,014 mg-g F10.047 mglg [6]
Pb e GFAAS TEER AR AR HE IR 222 /N 7% [71
Pb\cii\ ,\ﬁd‘ 0 AR FAAS KPR 4 700,05, 0.01. 0.05. 0.05. 0.07 uglg 8]
Pb. Cd. Cu 5. s I FAAS ot FR¥/NT-0.08 uglg,  [F11#93%~105% [9]
PE;J \Ci:s c;e 02k ICP-AES K H R 5351 %0'00080‘.8'(?10:)67[,3)3018‘ 0.0028.0.0012. 1]
Hg. Pb. Cd BN ICP-AES K H PR 43 510°50.077. 0.126. 0.015 uglg [11]
As AL AR AFS Kt R A3 ugly, RSD/NT5%, [12]
Hg i AFS # Hi FR 240.2 ng/mL [13]
Pb s UV-VIS for PR 292.072 ng/mL, i[RI 2 999.1%~103.6% [14]
Cd. Cu. Pb et NS SEBL TN G R 4 s [19]

2.6. X-EHEeae e i %

X-5 2875 % 6 125 (X -ray fluorescence spectrometry, XRF) &R FH R 2% X 52 IR SR MEEA, BEA P
JEFIRISRF TR R R AR, FAR IR X SHER, MMsRTF Ik X Lk atrE, SEEERSTER kT
DG RRFEXTEE, AT SEIRRE it b A BTG 2R 1R 8 Ve BRIl . Mages DA SR X8R 2 5 St 0t i sl e
B TR B 5 AR Y R AT B U R VRS, [ TE 82%~103% [20]. Szoboszlai /M4 T X-H14k
PTG ARTE AV P9 ARSI S P I B, B A AT 2 (% 0wk [21]

2.7. BAFESEENIEE

WOEE Sl 7Ok (Laser-induced breakdown spectroscopy, LIBS) & —Fh3k -4 i 2% [ 4l 30 ek
PR MR TA . KA RE RO OIS BRI —Fh BT HOR,  mT DU Sk Ak [k
L2 PR IICRAM[22]. FENKA LIBS XS AT LA E &8 R RN 4 4r[23], itk
ff) PLS #78 RPD AT 25 Xoifg = i UL 2K i N T4 9% DA e R 34T LIBS & mkaill, il {414
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W 2% Sk B R A B AR AL AR Y [24], B i A A B I T 25 22 i B RY Sl R, SR () R 5% R 8 T
0.9, TR TR ZEMLE 20 mg/kg [25].
3. &%

R 7K™ dh R, K7 b S J R 2 G sAR K, K7 il i B 32 Bl etk o i FE AR R, 0
HESRIGRTTH . A 1 BORAE K it v B B @ A I eh (82 P AT TR 5 B 4. il s
T K i IE — SIS A R KR R, GG WAL PR K™ b B g A MR AN, R /IR T it
IMEAEK fh B R AN, B4 [ Py A F e eI o B B A A i R I A R . ER
T EREAT I 0 A TR AR T R AR IR D L SRR iy HRGE, i DU 7 A K 7 i R 1)
S AA EEOMEE LS E, /& EdE— P TR R

E&WE

TEN R 2 FF I 56 == 100 H (JW20SK70) .
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