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6 KOH 787 4 & 3E M iR . $% e sl 3t 5 [H & L 3o Fn Box-Behnken ¥ bz T 52 5 3% 1+ 44 ft. KOH 7%
AR R E A, AR, HERELEARE 4%, RE 47C. #E 20h, EE
T H L3N 97.38%, KOH H LA B F# 5 T AR E, Nk EN#t— SN MRS T &

R ZF,
ESs 30

hESES X55 XHEEFRIRES B

Bt #1210 & SR AR A 25, SRt 5
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PR LLE i T AT | T A A T iR AT R B A RS
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SARL, AN IR RE S 3 Sk (Su et al,
2019); 5 ¢ WAt i v R AR B0 2 0 e RE X A v 1Y
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K EZIRBORE M EZ NS R EZMANIE Y  EER,
DU B NI4T A= i) 4k 27 5 (Castillo et al, 2016), f# %8
HRHE YL X R PR s AR AR 25 R G L T 82, It
N =4 T 8. HAT, Wu % (2019)8F58 T A
[PRLAR TR 205 % N5 W B9 A0 B i A e sk, 2 Bt
2 PR A A TS g . AR L R S A A
A IRFMEH . Schirinzi %5 (2017) 1K 5MF5E & 3,
SRR AT LA | R Bl AN S b Bz 40 s 6 2 4 A o
Hwang 55 (2019)WF 5% 1 2 PR s Tl 28 e N U 14 &4t g v
PEEYE, WFFE A, SO RE B RS AN o mT B i
75 T 0 95 A A 200 L PR 7 A AR R (), SR
H T i = ] A8 A B8 o AL OB AR Y B S
B, P, ARE G B b T A fl S Ak X A {1 S B
RO o & T Il BT AR B AT 15 D LA SOk N A4 feke B
R, A V2 TAEZEA

I A R i P R BRSO Y T R R T
feid, BRI . B, AR SR S T A ROk S T A
SUF R . BRI A E 5 8 FH 1 )2 69% HNOs(Dekiff
et al, 2014), HABERYEH LKL A 65% HNOs il 65%
HCIO, 4% (Santana et al, 2016). B T 1k 1 & 1
i) 42 10% K OH(Dehaut et al, 2016), %A1k 1k i @
WPk 30% H,0,(Karami et al, 2016). it fdi 4 £ 1
JE NI [ i (Waite et al, 2018) . fi 2 [ fiff (Courtene-Jones
et al, 2017), #Rifi, £ AR SEE0 A9 A7 AE — 22 ]
M, e, THAR RO R S AN Sl A AR A
UM AR R R Y, T B RS T A T
LW, ANTE 5 1975 A s 3 A5V A A5 1R T R 2 Al
TR B R i, ST Tkt T ARt T B
SECBURLRE R, DT S AL OB R e R, ARAT
SRR IHALR | ISCR | B2 G o A
BRSEZ 7 B A HT, BEBURGE FTH AR, X AR
T A A, s —FE s E A, AR
RGP, ARUh a2 g,
T E A W OB R A B B IR AR R S

1 HREH*
1.1 I

B fi(Danio rerio) & — i WA AT IR K £,
SLoNREAR, WERZIEEE, BHAMERN . 5T B
FE TR AR W R & B AR A (Talwar et al,
1994), 7 SZIGHE L A T 2019 4E 4 H W [ 7 & 24 ik
P, K R(2.0£0.6) cm, SCEGETYIZE 7 d (I3
Wi TCBE S (050 T, TR K HRAKRWTIRS, 24 h,
KM (26.0£0.5)°C, A HHE 1K,

KOH. H,O, il HNO; 1y [ [ 2448 Al {b 21 A
FRAW], B srtiv sl A AW AL 23k E4EY
BHEABRAFR]; 500 um R 2w HRHE A R BTG
BUIR B 35 £ R JF A ot 5 U8 4K (No.540) 1t H 3% [
Whatman /A ] ,

1.2 LI H*E

121 EfeE TEHCH Y 4 FhH A6 : 10% KOH
(Ali et al, 2017). 30% H,O, (Avio et al, 2015), 69%
HNOj; (Vandermeersch et al, 2015)#1 0.3125%]J# 4% |
fi} (Courtene-Jones et al, 2017), 7EAH[EIRE . AH[E T
8] N HEAT LU AL
FEBERRRY 0.6 g BE 5 41 i 22N (S IR 2K 20 i
kL) 5354 A 6 ml 10% KOH . 30% H,0, . 69% HNO;
F1 0.3125%# 1 [ fitf (Dehaut et al, 2016), —z{ 31/,
LHURE L, A 55 CHURE HAEE 48 he F Whatman
N0.540 JEACK LR HEAT B2s i gk . i UERT S, U8
JELRFE 50°C R 5h, FREFEEH 0.1 mg, TR
(Catarino et al, 2016)
ittt op - M —Ma W)
W
Kb, WoRBE A2 nindE &, W, Hidig)s
PV i, Wh S DR A D8 AR
122 =k W4E 0.6 g BEfRIBE S fafa i, %
0.06 g A LIG TR A B EE R fa A v, HiEFEY
A1, BIR A YR S%E4 6 ml 10% KOH |, 30% H,0,.
69% HNO; 1 0.3125%J8 4 111 i 1Y &, JF7E
55C F#%F 48 h (n=3), #&J5, A Whatman No.540
AR TIduE, 7E 50°C Nk 5h, TEARILE B T
PR IRkt . AR, T ECR (Catarino
et al, 2016):
B % = e
W

Kb, Wo IR RORCIEE R, W R
Y IOEE G
1.2.3 HRABRE AR B AR LI g5

W ARGW B ROR O IR PR it 4 Fhil
PRI T 1 TR 20 TR FE A I 8% (3) T LR,
A R A SO AR A 3 L B E A R AR T
AR TE A OB R R, T T RAEROB R Y R
TEAL . B 5 R L Uk A TR A WSS . IR
PR iR b —J2 4, LAB Ik SO A 7
WEZ A 28 b 35 (6T B ) ) SRR 06 JURL R Ak IS 7 SRR
LREFRLTE SR (Al et al, 2017; Sun et al, 2019).
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P AV b ORGSR A =D oyt S W ol IS RS B BE 4R
PEEFEAT LU . RIS ORIl 785 nm, 0
Ty 350 mW, FHEEF Dl 200~3000 cmi™t (Araujo
et al, 2018; Alexandre et al, 2019),

124 $REER EFHALIRE(25°C | 35C .
45°C . 55°CHl 65°C) . IHALIF ] (6. 12, 24 48 il 72 h).
THALHE B (3%, 5%, 10%. 20%7i1 30%)iE1 7 B K 25 5L
B, SIS 34 R 2R X BE A AL R A RE I
1.2.5 vt @ AL 5 Hi4 Box-Behnken =2
Wit F AT 3 & 3 K PEgikit, FIH] Design-
Expert 8.0 A # AT BRI G, RALBES AR T
TR R YA [, [ AR B SR A A -1
0. 1474t it 15 928 5 (3 D ). 5K
55 R R K WL 1.

*1 MNEKREKERERE
Tab.1 Factors and their coded levels used in experimental
design for response surface methodol ogy

% Factors

Etfel AVRSE B ] C i
Concentration(%) Time(h) Temperature(‘C)
-1 2 18 40
0 5 24 45
1 8 30 50

2 #HERETIR
21 HUEZ

TETHACB RN R £ rh, WAL R R AR W H ZE A 15
b o K5 B S f0 A2 4 P AR IEEA T RO 45 31031
AL WL 1o AN L AT LAE 1, T A 1

120 ¢
X a
S 80t )
60 <
[a)
M 40t
<
T 20
0 - . . . d
e A WEK  BREAR
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hydroxide  peroxide
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K1 REITH A 3 A i T A%
Fig.1  Digestibility of zebrafishin
different digestive compound

a. b, ¢ dF/m&Ab 3 E) 2 7 5 3% (P<0.05)
a, b, ¢, and d indicate significant difference
among treatments at 0.05 level

HNOg, 5% T 100%. Ali Z:(2017)% ¥, #4i HC
1 HNO; 1] LLSE 2 b fa 4141, KOH itk A i
T 1L 243 5135 F1) 90.97%711 85.89%., AL BE 114055
fJE Ho0,, THALRAVA 58.82%., ik, MIHILE L
KF, HaOp ANIE A VRN BE D AL

2.2 [EgZER

16 S5CIRET, DMK RAELIGPRIRS
JE RS 4 AR — AL, W SR, AN TE
THALB T, BRIE LI PR By RISCR DL 2, MR 2 7]
H, ORENE R Z [ 22 AR 83 . HNO; 1Y [
e, M T 100%, k%] T 104.13%. HE[H ] g
F& HNO; 1] LUAT S T fit A AL, ELIH i R4 2Lk s
{RAEAE, iEE FE OB R - B ol Ay, S f o8
B & E B (B =%, 2019), KOH F1 H,0, Y [F1 1k
A3k 93.50%H1 94.63%,, [H] i H AR 12 1
fiff , A7 90.13%. 5 AWFFEAF ) J& , Catarino 45 (2016)
%} NaOH . HNO; il Corolase 7089 Xif I D1 H 1) fa %8 4}
HEAT RN, B A B RNSCR 38 3] T 93%1LA I,
AT RE Y SR PR, AS R TH A TR GO A o 2K A 9 Ak
SHZESE. F, WENCERE, HNO; A& & 1E
FIHACT o 2R A AR FICR B 25 38 0T LIS
KOH HA88E A 1F i MBE S5 At [A) 7 B R BUR K 20
SR ) T AR

110 ¢
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w
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1
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K2 AFETHABT BA M 0RLRY ] i
Fig.2 Recovery rates of polystyrenein
different digestive compound
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P H AT 62446 I (Catarino et al, 2016)., 722 7 ¢ J5 A
Al B 1T HNO3 1T LU 85 A AILST , (9 47
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SRAFAE, BB TEMOEARL b, 58080 AR & A el s
(Santana et al, 2016), M\ I 52 Wil Tl 9} 1) e 2 5 it
SR ) S B A5 A UE I T 3X — 5. 1 KOH, H0,
FBEEE X 3 PP AL 2 FEGOE RS (6, (3

K 3

A L TR B 2 T D R AR R AR A S ]
H, KOH JE LTI i iy B £ 0 W0RE 3% 1T B 25 5%
BBt N A S b, TR A T AR R T AR A
S, REHSRE,

TEH 5 AN R PRI A Ja S AR ORL I 3 (R AR 5K 3)

Fig.3 Morphology of polystyrene particles in digestion with normal and different digestive compound (magnification 3x)
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a Control; b: HNOj3; ¢: KOH; d: H,0O,; e: Trypsin

2.4 HiE

N T =T R 4 FIHACIRRT ST B 206
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HNOs 7ETH LA MU IR, Xk SR 296 R ™
AT EE IR, XS AR BRI o i
KOH . H,0, IR FEH A5 1 5R K A6 BRI
AR W A, (AR R A AE M H DU B, Hop
e £ 1 I AL JS A BB R £ 0 BORE L 5k B R A 441
Bz, HEAE T HXBED M A HLUH AR

25 HBKE

R T A A AT AS TR AR BT R R SRR 20
B ZE R RAE , AWFIE R FH 2 6iE3E 1T 0 ik 5t
ZERME 5 fran. ME 5 ATLIEH, HNOs, KOH
R B 5 0 BB = OB i A Ee, JF A B
FEEME 3, kT, HNOs. KOH FiJBEZE M i

FEWALBE D (Y RIS SR R OR 20 1 Ak 2 25
¥ o i HO, B2 ik 5% AR L, 7Dk 1130,
1375 1 1630 cm™ 72 47 A A A K X 58k BE D55 o Dk
KR 1130 em™ Ze A5 Ak B AR fb S R IR S Rk T ]
FEXF R A4 R 3h 5 1R, 107 1375 em™ 22 47 A9 AR fk
P B SR F AR X AR dh R 3h 5 Ay, 1630 cm™ 4b
S R B AL S5 ) SR X B A A e s 5 LB 1Y o PR
H20, A3 A R B I £ PR 20 25 rp 2 BBl 9 e o
TH AL o

26 BERXHE

2.6.1 RFIRE KOH 35D & il 4L 569 % v H
TR VR B S AL R W B K, 7E 45°C | 24 h
BISIETS , ARIRIHEE 9 KOH T4k 1% BE 5 7 7 1L R
G ULIE 6. MR 6 TTLIE H, BE#E KOH WY
o, BES AR R ETHEE Y KOH Wk
) 56T, THILRILFNE(E, S 97.32%., KOH ¥
akseigin, WARIFR TR, HTREBRHB D,
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Fig.4 Scanning electron microscopy of polystyrene in normal and different digestive compound
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Fig.5 Raman spectra of polystyrene particlesin
normal and different digestive compound
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Fig.7 Effect of different digestion time on
digestibility of zebrafish

2.6.3 FRREBEMED & HILEG YA 1 5%
KOH & WIE AL 24 h, BFFEBEL fa il 4k R iR
UL 8, W& 8 firyn, B AW TR, B
MTH AR R BURIE R A T, MR AR 45°CHY,
BT iH b Rk Bl i s . s T 45°C, BESAH
e TRE, BARE,
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92 woooor B % 3 R 42 %
< oo WU o >k P ST 6 M RS AT 7 22 400 , 4
2 98 RILFE 3.
B 97+
2 %
2 gi: % 2 Box-Behnken L&t R4
M 93 Tab.2 Design and results for Box-Behnken responses
g 92+ surface methodol ogy
=~ 91|
90— ! = ! T ! 5 ! = | SckE O AWREE BHFE CIREE HILE
YU Temperature/C No. Concentration Time Temperature Digestibility(%)
) _ . 1 0 0 0 97.08
Bl 8 AS[R]HEEE X B b £ T4 AL R 0 5 i ) 0 3 1 9721
Fig.8 Effects of different temperature on '
digestibility of zebrafish 3 -1 0 -1 95.78
4 0 0 0 97.81
272 BEWEILRF ML HJT Design-Expert 5 1 1 0 96.17
8.0 B Xy 2 s T Z LA, RIS HE 6 0 ] -1 0572
D AR (YN B AR BRI (A). BHE/(B) . #RJE(C) 7 1 0 -1 95.15
B JC 2 EIA 7 #2: Y=97.32-0.21A-0.16B+0.32C 8 0 1 -1 95.90
+0.37AB+0.077AC-0.42BC-0.67A*-0.32B>-0.87C>, J5 9 0 0 0 97.06
i Hp A% T 2R 504 G 1 R /N L s e % TR 28 6 i 7 10 -1 -1 0 96.86
EREER R, REMIE . 0B 5 m] (S H 8 1 1 0 1 95.94
4, 2016) (FEAFRFSE, 2019), HHTIZFRERY IR IR 12 0 1 1 95.70
Rl e, T LUy AR s T 1 1 R 13 1 1 0 96.53
PR EAT KA, AT RAIEAT ORS00 Pl R — 14 -1 0 1 96.26
VKT 22 0T A5 1 B BE T 6 3 1 36 1 1R 6 1 T 0 15 ! - 0 %5.76
#z3 HEABBEFESR
Tab.3 Analysis of variance of the regression model
JeE Source SEHA Sumof squares EHHE df ¥ Meansquare F{H Fvalue P{H Pvalue
R Model 6.920 9 0.770 6.21 0.0292*
A ¥ Concentration 0.360 1 0.360 2.88 0.1503
B H[E Time 0.200 1 0.200 1.58 0.2647
CiiJE Temperature 0.820 1 0.820 6.61 0.0499
AB 0.530 1 0.530 4.30 0.0927
AC 0.024 1 0.024 0.19 0.6780
BC 0.710 1 0.710 5.76 0.0616
A2 1.650 1 1.650 13.31 0.0148
B2 0.370 1 0.370 3.02 0.1427
c? 2.770 1 2.770 22.35 0.0052
5%2 Residual 0.620 5 0.120
24l Lack of Fit 0.250 3 0.085 0.46 0.7372
4lii% 7% Pure error 0.370 2 0.180
BARSRE Cor total 7.540 14
*: P<0.05, N#EF W%
*: P<0.05, significant difference
% 3AJLIFE Y, AR P=0.0292 (%), Kl 2.7.3 A @k ST S T R TR AT LU S

i P=0.7372 (N 3%), FUIBAI T LA S5 5
A RER S MR S T 2280 & E 5
R

e P e 52 A T R AR, R R I 558 H
TERIAN B3, G 5 Z A0 (B /Nt 4%, 2018),
AR 0] 921 75 R 22 A i 1 (151 9)
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Fig.9 Contour and response surface plots for the effects of different factors on the digestibility
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2.7.4 FAELAFG AR R IE T 3 Ao, A

FLLTH AR A8 bR 0 S AR TH AL A A MR 4.06% . Bif
[ 20.15 h. WRJE 46.64°C, LAY AL AR T Ky
97.45%, 454 SERAEAE , B T L SR R 4%
FE] 20 h, JREE 47°C, FEBLAAME T HE4T 3 IREEE,
5 T AR M (97.38£0.04)%, AHXFIR 2K 0.07%, 4t
TRZEJEHEIN, FrLL, SC8E 5 o E AT Ay AR —
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AT A= 4 v 3 5 2 BRI R 3 A ) 35 R R A
MR E R B EEN, AR E R KOH,
H,0,. HNO; FIEE & F X 4 Fhil AL idox BE 2 fa i 47
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P il 55 A R T A T BT 5 o v 3 OB R . KOH
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Abstract

Recently, with the increase of global plastic production, microplastic accumulation in aquatic

environments is increasing. This seriously endangers the living environment and aquatic organism health.
Furthermore, it endangers human health through the food chain. Microplastic detection in aquatic products
is fundamental to understanding microplastics. Using digestive compounds to extract and separate
microplastic from aguatic organisms is an effective means. It is particularly important to choose the correct
digestive compounds and conditions. In the present experiment, zebrafish was used as an aguatic model,
and polystyrene was used as the raw material. Zebrafish and microplastics were mixed in proportion. The
microplastics were separated and extracted using different digestive compounds. Initialy, 10% KOH, 30%
H,0,, 69% HNO;, and trypsin were selected based on digestibility, recovery rate, Raman spectroscopic
anaysis, and scanning electron microscopy. The results showed that 30% H,O, has the lowest digestibility
and can change its chemical structure. Trypsin has the lowest recovery rate. Scanning el ectron microscopy
and stereoscopic microscopy showed that 69% HNO; changed the microplastics color and corroded the
surface. Therefore, 10% KOH solution was selected as the optimal digestive compound. Then, the optimal
digestion conditions of KOH solution were determined using single factor and Box-Behnken design tests.
The results showed that the optimum digestion conditions were: concentration — 4%, temperature — 47°C,
time — 20 h, with 97.38% digestibility. The digestive compounds and conditions screened in this study
could significantly improve zebrafish digestion efficiency. The results provided a new method for the
digestion of aquatic products and further detection and analysis of microplastics in aquatic products.
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