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Fig.1 Design of experimental procedure for MPs extraction from sea salt

£hHh MPs (1425,
22 BWMEMWZHMEEH T MPs WS

WA 2a Fi7R , 43 08 5 B8 e D I L i ) 4
FE VR VD F 5 A D S — S 28 (L 50 R 0K (1) 4
JoT, R [ R 0 5 HE 43 3 A 1 Sy B 4 PR R AT D B
oL MPs AR AN EF 4t 38 3 Tmage] THE1H 2 Z U8
JIEE b S 2 R B H N 255 AN (n=3) , Wi i H A
PORLEE TH8 H W LA 5 b MPs 19 32 B 2R 2 550
Mikgo Bl 2b AL 3o i fif FH 2l K 3 U8 S 1
B, 2 T 2 300 008 R A Y P G UK ) AR AE
PRI 77 1 FH A 4l K Hh R & MPs,

23 XEFBRUMEMAHMBEEINEABEESES
MPs BIRZ K/

WA 3a.3b fian, %2 B A 15 2
MPs 15 .46 K 280 A @as @, e i
RIS, T AT A R RN A T I O
X MPs I TE AR 29 80% M £ 44k, B AR 20 A Ju I N
411.0~1 102.4 pm; H A R IR B A 50 1 1
4 20.4~90.7 wm, &l 3¢ 3d hXF I EF4EIR MPs F1
eIk MPs 19 SEM 2558 w] LR T T A 48
IR5E 1A 13 ot 2 RS 10 4 IR S
2.4 BEEMOIMNSLEENERERS MPs B
CE/ES

AT S O A B T AR SRR | 1)
FE A TR SR OGRS R A B T G B R R
A S A BRAT B i R LD A ] (Can 1A
4), W 4a ff s A PES ¥y 0 {8 HL - 21 0 S i
B BARR & B RERI A gk 1, PERC AKX 72.21%
(n=10); [&l 4b 2y NL ¥ J5 (1 fd B it 2181 63 1A

(a) F BT £5 HH ) MPs (b) =5 FL X R
2 BHMEURER

Fig.2  Observation results of visual method

200 pm v 200 pm

(b)£F 4Lk MPs SEM 25 R 5]

Ny
it

() A4k MPs (d) T 44k MPs

B3 BREUWNRLER

Fig.3 Observation results under the microscope
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Fig.4 The results of micro—Fourier transform infrared spectroscopy
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Table 1 Functional group analysis of PES and NL by micro-FTIR
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Fig.5 The results of micro—-Raman spectroscopy
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Table 2 Chemical bond analysis of polymers by Raman spectroscopy’

28]

RemER % 45 /em™ M= P

PET 631.6 KIRA C RT3k 3
858.4 REH 5 #HA-COOH A% C & -F 1A 4% 45 3k 3h
1 096.0 K5 -COOH A A8 49 3 A C & T a4 4 3k 3
1291.2 R 5 -COOH IR ABi& 49 2 A C R T a4 4 3k 5
1 614.7 -COOH A C.0 & T 1% 4 k3
1 389.8 RKIAA CLH5 HRTFMEAEASARE k)

PP 809.9 -CH, %2k 3
1153.6 C-C Ia) 1 45 3k 3
13315 C-C a1 %5 3k 3
1 460.6 —CHj; 09 2+ 4R 14 45 3k 2h
27522 —CH, %1% 4 % 3
2 885.7 —CH, 49 #x A% %5 I 3

PA 928.4 ~C—-0-C—18] 3 2 #R 19 45 3k 5h
1 078.0 B e 4 —C=0 09 1% 45 ¥k 3
1 303.8 —C—-N #9519 % & 3
1441.2 —CH, %9 1% 45 3k 3
2 899.2 ~N—H-#9 1% 4% 3k 5




328 hOE B W R 2024 445 12 1]
(&% 2)
PN ¥ %A fom T TS
PMMA 600.3 —C—Cmtly 1 %5 3 20
812.4 —C—Cmty 1 45 35 30
965.9 —C—Cmty 1 45 3550
1 450.9 —CH, 47 # 35 %
1729.8 —C=0 #1h % R 3
29715 —CH, # b % %3
3 048.1 —CH, # b % %3

2.6 WXL NERILEER
*F micro—FTIR #1 micro—Raman B9 K | %

AT, K 6~ 7 s, W 0L i micro—
Raman ¥ [ i 3 micro—FTIR 32 £ I 15 21 () K &
PR AIFP T 2 A HORG 41 AR ani&l 6 TR mi-
cro—Raman 75 K: 9l i % PET #1 PMMA ) )it )& T
micro—FTIR ¥ K60 tH (1 PES %) 5t — 2& ; PA ) J5it
J&F NL# it —35 . A58 0N hy ik BOK 3 DT i %6
ik 65% VA A REFINIZ A BT RS WIRAL, A
K 7 0] LA B E H, micro—Raman B9 % {4 PU il 2

g
=<
=
>

B 6 micro—FTIR #1 micro-Raman # il F7 15
MPs x % B
Fig.6 The relation diagram of MPs obtained by micro—FTIR
and micro—Raman
27 HEBHHERD MPs HERM LR
i 5 A AR SCE SE A R S e T R R
MPs F) 852 e 5 (5 3), A BLE 2 b MPs A7 41 F
Stk A WA R EEA PET PE PP NL PES I
PVC 45, H1 THF il BBORE 1) b 2 7 8 R iy 4k 285 =K
JIT 3 ) 2 S B H AR BE 3 A AN Y, (R ZHF

NGRS

Match rate/%

Y115 T micro—FTIR, & W H X MPs 5 & 96 I w]
{5 A X 58 &y, 9 B micro—Raman X MPs B9 = &
i3t (1 500 4~/kg+500 ~/kg) KT micro-FTIR
(750 1~/kg+200 i~/kg) . —# M, micro-FTIR 17
FEARAR MPs UKL %5 5] R K R A5 B AR G H5AE 1 T 1R
JE T micro—FTIR A5 47 42 3 [l 358 /N 2VRTRE b
B MPs JE R AS B 8000 B B R AR 22, IE N
Kappler 4P i 5% 3 B 7E 53 AT BLAR AR T 400 um
f [7] — K¢ b B, AEXT T Raman, FTIR B @ A% AN T
B MPs 5 8

- micro-Raman

P micro-FTIR

92.00 93.00

[ 92.83

PET PP PA PMMA
L gy PSS
Polymer type

7 micro-FTIR #1 micro-Raman # il 4 & # bt %
(n=10)
Fig.7 Result omparison between micro—FTIR

PES NL

and micro-Raman (n=10)

BJFBEAE 1000 4~/kg LA B0 BA ZRENE 3 I
AHE JOE RO A6 A SREMREE, R
TRAAEREA A Gl RS P RAE 1 mm
LA MPs 7 LUK . AR5, MPs BUIE ZSAHR 48—
FEERIN AR MBAR, HLAT# X 2



24 4% 4 12

B WG A 3h P R AR A A I R ST LA S 329

&3 MPs FELL R R

Table 3 Comparison of microplastic characteristics

el F B/ (A kg) e R+ W& K Ltk
PET .PES .PE PP 550~681 26 e HE aé 45 pm~4.3 mm  F A tF [29]

PE . PES PVC 115~575 vé e aé KE Z 100 wm~1.0mm 4 B B [25]
AN AL

PET.PP.PE 50~280 e vt oé EeE ZE 30 um~35mm  H [31]

NL.LDPE PP .PET 367~2 133 2e ué KéE géE § — Y [32]
& e Lé

PE PP PET 0~1 674 gé e ZéE EE A 0.1mm~5mm Fede Y E R [11]
& %e

PET.PP.PMMA .PES,  750~1 500 e ae ut HeEe ZE 204 um~1.10 R A AR

NL.PA mm

. R (Polyester, PES); X7 —H g Z, 4 (Polyethylene terephthalate, PET) ;% /i (Polyethylene, PE) ;% # (Polypropylene,
PP) ; B 5 2 I (Polyvinyl chloride, PVC);JEJE (Nylon, NL);{&% B % 2 )i (Low—Density polyethylene, LDPE) ;%R H! 375 %% iz FH 5 (Poly-

methyl methacrylate, PMMA ),
3 i

ARSCUL H W ER P SERT 5, LA 2R B
o MPs F9 RS0 4 AR 1 SR S5 A R S 2T
A5 15 B8 97 5 0 5 S RO A I H G962 Hh M Ps
IAFTEVE T AT R G YR B0 Hr, He A& A iy
0 22 5, R 240 B MPs 19 PR SRS R $2
R, BEMRAILIT45E .

1) TERERLRTALER TS, Bk MPs 1973 B
S Ui e 32 A A5 R A R BRI A% MPs # P Tk
HE Ja B 98 =P BR R i R o 64 T
Sigp 512 AL A58 TR A BT A A S i e L T O
T, JE e SR A R B T A XS MPs B R L
R, Gy R A R A R R R T B B i Ak
J3t, SR FH SRR T i 125 AT 3 B 5 O FRAEL A RO 5
XF T AR AR BT, SR FH O A XA LR TR
PEAT I % . MPs (9% 1 7 1% 5] €245 NaCl Nal Al
InCly, LR G 0BT A 00 B 5 I 3R NaCl iF
VERCR et a8 B B B R B 455, ) T 1) B
BE 5T N EF 0.22 wm ANFLAR BB, S AT BE
MPs 4 B2 75 I8 BT 5 1070 52 A o B Jo i
PEH 5~10 pum S Ph b B9 RALAR B IE

2) AE MPs K0 77 A H PLR SRR AL -
P Z MPs, ik A AL IR 2
550 4M/kg, HBFUA 2 1 @5 &Y O, fF 7D B H
BB EEZ NAARMEE R R, £ MPs
FHERSFZ) 746.7 wm, 78 AR MPs -3 RSF 55.6
pm FH micro—FTIR 1 micro—Raman #f & H 3

G YRR L2 PA NL FI PP, 4580635 VE BE e
J£ 53 0 3k 65% F1 89% LA L, = B 43 il 24 2 (750+
200) kg F1(1 500+500) ~/kg, BEAF, XF micro—
FTIR 5 micro—Raman 0 45 5L E17 HE 8% B mi-
cro-FTIR 77 7EAR Al MPs = £ Rl AT 5 8 4 % 441K
R TR) L

Zi b, ASHEFEIE LA H WG R R AR R it
FE S AR ALE MPs, [8 B A micro—FTIR #1 micro—
Raman & Il £ AR F| W MPs R A5 ¥2A0, (H)E H
T ARSI 7 32 A7 9K e B I ] g A o iy Ak 3L o
FFESAE 7 B R AL A of # . JCk Ik B i
 MPs PREURS I B ZE5K A, AT R X A
(14 MPs Jf 5 A7 2 57 AR A I 7 ok s B A7 B 51 FR
bR e, BRI, AR E AR OCHREXS B 5 MPs
HOF SRUIUR GRSV AN L D VARSI Ui ) 1 O N S e
MPs R 32 {5 485 A6 00 A1 REAS DU H R A9 BIF 5T, SRk
AL EURIRS I &2 AR I A B AR BT, S BB ey
R MPs & P AFE S

& % x #t

[1]  FE/her, BEkR, B, 5. &8 h R
PRI b A BAEARRE, 2021, 33(4): 517-523.
WANG X H, LIANG C L, YANG H, et al. Mi-
croplastics in food[J]. Chinese Journal of Food Hy-
giene, 2021, 33(4). 517-523.

[2] AR WA R R . K SR X R B O R
W5 A LS . DB37/T 4323-2021[S]. ¥ g : Ih & A



330 HOE R A IR 2024 445 12 1)
T3 MBS B )R [2021-03-11]. https:/file2.foodmate. uation and harm of micro—nano plastic pollution in
net/wenku2021/DB37T4323-2021.pdf. seafood[J]. Journal of Food Safety & Quality, 2019,
Shandong Provincial Administration for Market Regu- 10(9): 2689-2696.
lation. Technical specification for microplastics moni- [11] KIM J S, LEE H H J, KIM S K, et al. Global
toring in mariculture zone: DB37/T 4323 -2021(S]. pattern of microplastics (MPs) in commercial food—
Jinan: Shandong Provincial Administration for Market grade salts: Sea salt as an indicator of seawater MP
Regulation [2021-03-11]. https ://file2.foodmate.net/ pollution [J]. Environmental Science & Technology,
wenku2021/DB37T4323-2021.pdf. 2018, 52(21): 12819-12828.

[3] SRIDHAR A, KANNAN D, KAPPOOR A, et al [12] e, ZEE, KRG, &5 T8RS Y 3R
Extraction and detection methods of microplastics in K Bia X)) &SP, 2021, 37(9): 1-7.
food and marine systems: A critical review [J]. WU G H, LI C L, ZHANG M H. Study on the
Chemosphere, 2022, 286: 131653-131671. current situation and prevention countermeasures of

[4] MA J, CHEN F Y, XU H, et al. Face masks as a microplastics pollution in food[J]. Food & Machin-
source of nanoplastics and microplastics in the envi- ery, 2021, 37(9): 1-7.
ronment: Quantification, characterization, and po- [13] A7 4F . o S8R X A W A AS [R) i B 09 25 Pk A FH 0T 52
tential for bioaccumulation[J]. Environmental Pollu- PR WEEATA, 2021, 3(10): 70-74.
tion, 2021, 288: 117748-117753. HE L J. Research progress on toxicity of microplas-

[51  Z=I, kA, BAGkHt, A%, RORH K O R R DU B tics to different organs of organisms[J]. Environmental

ARBFFEHEJE]). HoKE AR, 2019, 38(4): 1-8. Ecology, 2021, 3(10): 70-74.
LI S, ZHANG L, CHEN Y Y, et al. Research [14] ANAND U, DEY S, BONTEMPI E, et al. Biotech-
progress on detection technology of microplastics in nological methods to remove microplastics: A review
drinking water[J]. Water Purification Technology , [J]. Environmental Chemistry Letters, 2023, 21. 1-
2019, 38(4): 1-8. 24.

[6] CIOTTO M, ANGELETTI S, MINIERI M, et al [15] SONG J, JONGMANS-HOCHSCHULZ E, MAUDER
COVID-19 outbreak: An overview[J]. Chemotherapy, N, et al. The travelling particles: Investigating mi-
2020, 64(5/6): 215-223. croplastics as possible transport vectors for multidrug

[7] TADELE A A. Surgical face masks as a potential resistant E. coli in the Weser estuary (Germany)[J].
source for microplastic pollution in the COVID-19 Science of the Total Environment, 2020, 720:
scenario[J]. Marine Pollution Bulletin, 2020, 159. 137603-137613.

159-165. [16] PHILIPP SCHWABL M, SEBASTIAN KO PPLE D

[8] TORRES-AGULLO A, KARANASIOU A, MORENO F, PHILIPP KO NIGSHOFER D, et al. Detection
T, et al. Overview on the occurrence of microplas- of various microplastics in human stool[J]. Annals of
tics in air and implications from the use of face Internal Medicine, 2019, 171(7). 453-457.
masks during the COVID-19 pandemic[]J]. Science of [17] JENNER L C, ROTCHELL J M, BENNETT R T,
the total Environment, 2021, 800(15): 800-808. et al. Detection of microplastics in human lung tis-

(9] JFtEpc, BHAR, X, S5 W GOE R A TS Y e sue using WEFTIR spectroscopylJ]. Science of the To-
5G4 A 7 O 5 E (D). v B ol R S bR tal Environment, 2022, 831 154907-154916.

#fE, 2020, 10(3): 60-68. [18] LESLIE H A, VAN VELZEN M, BRANDSMA S

ZHOU D Q, LU S W, LIU N, et al. Review on H, et al. Discovery and quantification of plastic

pollution hazards and detection and analysis methods particle pollution in human blood[J]. Environ Inter-

of microplastics in ocean[J]. Chinese Fishery Quality national, 2022, 163: 107199-107206.

and Standards, 2020, 10(3): 60-68. [19] ZHANG Q, XU E G, LI J, et al. A review of mi-
[10] sk+F, Jeders, ®UbAE, 5. 5= a1 K croplastics in table salt, drinking water, and air:

HRIR S EHE )] &M A B K2R, 2019,
10(9): 2689-2696.
ZHANG S C, PANG M X, ZHAO H Y, et al. Sit-

[20]

Direct human exposure[J]. Environmental Science &
Technology, 2020, 54(7). 3740-3751.
DETREE C, GALLARDO-ESCARATE C. Single and



W24 % 451240 B0 A 2P A A ) R A AT R 331

repetitive microplastics exposures induce immune 179-185.

system modulation and homeostasis alteration in the [27] BAI C L, LIU L Y, HU Y B, et al. Microplas-
edible mussel Mytilus galloprovincialis[J]. Fish & tics: A review of analytical methods, occurrence
Shellfish Immunology, 2018, 83: 52-60. and characteristics in food, and potential toxicities

[21] AKHBARIZADEH R, DOBARADARAN S, NAB- to biotalJ]. Science of the Total Environment, 2022,
JPOUR 1, et al. Abundance, composition, and po- 806(1): 150263-150276.
tential intake of microplastics in canned fish[J]. Ma- [28] XBF 5. SRS Y i 20 A0 Fir 2 S i K i 5T (D).
rine Pollution Bulletin, 2020, 160: 111633-111643. R, mmiifEka, 2021.

[22] ZHOU X J, WANG J, LI H Y, et al. Microplastic DENG Z A. Detection of micro plastic contamination
pollution of bottled water in China[J]. Journal of by infrared and Raman spectroscopy[D]. Kunming:
Water Process Engineering, 2021, 40: 101884-101889. Yunnan Normal University, 2021.

[23] HERNANDEZE L. M, XU E G, LARSSON H C E, [29] YANG D Q, SHI H H, LI L, et al. Microplastic
et al. Plastic teabags release billions of microparti- pollution in table salts from China[J]. Environmental
cles and nanoparticles into tea [J]. Environmental Science & Technology, 2015, 49(22): 13622-13627.
Science & Technology, 2019, 53(21): 12300-12310. [30] KAAPPLER A, FISCHER D, OBERBECKMANN S,

[24] DU F N, CAI H W, ZHANG Q, et al. Microplas- et al. Analysis of environmental microplastics by vi-
tics in take—out food containers[J]. Journal of Haz- brational microspectroscopy: FTIR, Raman or both?
ardous Materials, 2020, 399. 122969-122977. [J]. Analytical and Bioanalytical Chemistry, 2016,

[25] VIDYASAKAR A, KRISHNAKUMAR S, KUMAR K 408(29): 8377-8391.

S, et al. Microplastic contamination in edible sea [31] INIGUEZ M E, CONESA J A, FULLANA A. Mi-
salt from the largest salt—producing states of India[J]. croplastics in Spanish table salt[J]. Scientific Re-
Marine Pollution Bulletin, 2021, 171. 112728 — ports, 2017, 7(1): 1-7.

112733. [32] NITHIN A, SUNDARAMANICKMAM A, SURYA

[26] WAITE H R, DONNELLY M J, WALTERS L J. P, et al. Microplastic contamination in salt pans and
Quantity and types of microplastics in the organic commercial salts — A baseline study on the salt
tissues of the eastern oyster Crassostrea virginica and pans of Marakkanam and Parangipettai, Tamil
Atlantic mud crab Panopeus herbstii from a Florida Nadu, India[J]. Marine Pollution Bulletin, 2021,
estuary[J]. Marine Pollution Bulletin, 2018, 129(1): 165. 112101-112107.

Comparative Study on Detection Techniques of Microplastics from Solarized Sea Salt

Zhang Qi', Song Guangchun?, Huang Kunlun', Luo Yunbo', Cheng Nan"
('College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083
’Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193)

Abstract As a new type of food safety risk factor, microplastics (MPs) can accumulate into the human body through
the food chain, resulting in serious health risk issues. In order to explore the existence and potential risks of MPs in
seafoods, we took solarized sea salt as the representative research object. Firstly, we removed organic impurities in sea
salt by using 30% H,0, oxidant digestion as pretreatment method. Then, we confirmed the existence of MPs in sea salt
by visual method, microscopic observation, microscopic fourier infrared spectroscopy, and microscopic Raman spec-
troscopy. Results: through visual analysis, microscopic fourier infrared spectroscopy, and microscopic Raman spec-
troscopy, it was found that the number of MPs in sea salt samples is approximately 2 550/kg, (750+200)/kg, and (1 500+
500)/kg, with white and colorless colors as the main colors, and a small amount of red, blue, and black. Polymer types
included polyester, nylon, and polypropylene. Conclusion: by comparing the advantages and limitations of common detec-
tion methods. it was determined that micro—Raman spectroscopy is more effective for both qualitative and quantitative
analysis of microplastics. It will provide certain technical support for the risk warning of MPs in solarized sea salt.

Keywords microplastics; sea salt; food safety; detection technology; separation technology



