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CORRELATION FACTOR ANALYSIS OF
DISTRIBUTION AND GENERATION OF
ODOROUS SUBSTANCES IN AQUACULTURE
WATER AND OPTIMIZATION OF DETECTION
TECHNOLOGY

ABSTRACT

Odorous substances in water have brought some negative effects to the develop-
ment of aquaculture industry and endangered the efficiency of aquaculture. Odorous
substances have also become one of the water pollutants attracting more and more at-
tention in recent years. In this study, 2-methylisoborneol (2-MIB) and geosmin (GSM),
two of the most important odorous substances in cultured water, were analyzed in terms
of their horizontal distribution, generation and correlation with cultured varieties, water
quality parameters and water salinity, and their detection techniques were optimized.
The main contents are as follows:

1. This study investigated the distribution of odorous substances in aquaculture
water in coastal mudflats of Jiangsu Province, and explored the relationship between
aquaculture species, basic water quality parameters and salinity differences. The exper-
imental results show that in the horizontal dimension of the distribution of aquaculture
ponds, that is, the concentration of 2-MIB and GSM at the inlet, pond and outlet are
3.54+2.34 ng/L, 3.82+1.60 ng/L, 3.53+1.64 ng/L and 28.93+20.82 ng/L, 32.51£18.92
ng/L and 29.49+22.19 ng/L, respectively, showed no significant difference (£>0.05).
Through further analysis, we also found that the average concentration of 2-MIB was
2.76£2.24 ng/L and the average concentration of GSM was 29.07+19.44 ng/L in the
aquaculture water in this region. The content of GSM was 47.6+21.0 ng/L in freshwater
crab culture water, which was significantly higher than that in other fish culture water
(P<0.05). Secondly, among the conventional indicators of water quality, dissolved ox-
ygen in water has a positive correlation with 2-MIB and GSM production to some ex-
tent, with correlation coefficients of 0.859 and 0.760, respectively. Nitrogen and phos-
phorus content has little influence on 2-MIB, with correlation coefticients of -0.264 and
0.124, respectively. The correlation coefficients are 0.759 and 0.790 respectively, show-
ing an obvious positive correlation. Salinity is also one of the main factors affecting 2-
MIB and GSM in water. Salinity is also one of the main influencing factors for 2-MIB

and GSM in water, the higher the salinity, the lower the concentration of odorous



substances, with correlation coefficients of -0.769 and -0.825, respectively.

2. Based on liquid-liquid microextraction method, 2-MIB and GSM in water sam-
ples were extracted by adsorption, and the detection conditions were optimized to solve
the problems of high cost, long time consuming and unable to conduct mass processing
and testing in the existing testing methods. In this experiment, the combination of tet-
rachloroethylene + Meta. X5 column was selected by comparing extraction agents and
adjusting chromatographic conditions. The Plackett-Burman model was used to screen
and analyze centrifugation speed, sample volume, extractant volume, ultrasonic bath
time, temperature during extraction, centrifugation time and injection volume, and the
three most important factors were obtained as sample volume, extractant volume and
injection volume. The Box-Behnken response surface analysis was then performed on
these three volume parameters, and the extraction scheme with the highest recovery
rate was collated as follows: 50 pL extraction solvent was added to 1 mL water sample
for ultrasonic treatment for 6 min and centrifugation at 3500 rpm for 4 min. The extract
was collected. The injection volume was set to 20 uL and GC-MS was placed for de-
termination.

3. In order to improve the adsorption efficiency of the ultrasound-assisted disper-
sive liquid-liquid microextraction method for 2-MIB and GSM in water, we supple-
mented the pre-enrichment experiment. In this experiment, a magnetic bare bead mate-
rial with a particle size of 1 pm was prepared. After surface modification, MOF (iron
externally wrapped with other metal-organic skeleton materials) was coupled to form a
new magnetic bead material with specific adsorption effect on 2-MIB and GSM in
aqueous solution. After pre-enrichment experiment with this method, Ultrasonic as-
sisted liquid-liquid microextraction was used to achieve the final adsorption effect. In
this study, the recovery rate was taken as the reference, and the parameters in the ex-
periment were optimized by the method of comparative experiment. The results showed
that: With 10 mL/L magnetic adsorption material for enrichment of 1 L water, ab-
dominal muscle time is 15 min, combined with ultrasound-assisted liquid-liquid micro-
extraction method, the enrichment factor of 2-MIB and GSM in water body is up to
20000 times, linear range is 50-400 ng/L and 40-400 ng/L, respectively. The recoveries
were 69.34%-71.56% and 73.85%-77.26%, respectively. Compared with the traditional
solid-phase microextraction method, which requires 40-60 min to detect a sample and
cannot conduct mass processing and detection, this method shortens the processing and

detection time of 2-MIB and GSM in water to about 30 min, and can simultaneously



process and detect multiple samples, meeting the needs of batch detection in the actual
production process.

This study provided scientific data and technical support for solving the problem
in aquaculture industry by analyzing the influencing factors of the formation of odorous
substances (2-methylisoborneol and geosmin) in aquaculture water. At the same time,
the extraction enrichment and detection technology were optimized to meet the needs
of large-scale detection in the actual production and practice of aquaculture industry,

and to make a certain contribution to the sustainable development of aquaculture indus-

try.

KEY WORDS: 2-methylisoborneol; Geosmin; Breeding varieties; Salinity; Water

quality parameters; Ultrasound-assisted dispersive liquid—liquid microextraction; Mag-

netic adsorption
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Fig.1-1 Chemical structure of 2-MIB and GSM

Olln-

H

1 7K F R4 BRI SRR

AR, W R R T ) A e 2 —10), IR 2 2 RIS A K
FE. P lEdE . W2z sEss, A AREM ™ Fkae /U BB B 2 tH K AR Y
BB IR IR NE S B EERR K S T R A VAR Ok B IR A K LS
MEZERLRE (GSM), 2-HEFIKEE (2-MIB). 2-57 T 2:-3-FEHME (2-



IBMP). 2,3,6- =& K H ik (2,3,6-TCA) Fl2,4,6- =5 K HHEF (2,4,6-TCA). Hrh
- BN 2- B R BT T BUK A AR I E A B X e S AR
FREREN, MR TIRAHKP AR R fEE.

AR, FE R S AR I R A ] B = AR R, H H RTET X AL R A
(RIBI FEAEO 52 o SRR AR SR A AR, Frb RO S8 7 22 I T B LA AF
AE 5T, RA TR R 5 T B BB 7K 5T 2 4 o T i 8 ) ] AR 25 7K
WMITH, AR M AR 0 5 R 51 o] Re UMMt K 22 4, PRI R SR A B ] g
LR ZRIKT, it A VAR L 7K A B I A e 3R, H R P 1 S R It 2 B oK
X TR K 22 43 R R IR B o TR 3R ZK K A Hp SRR A 5 B P e R E A 3, 1T TR
KA HR SR AT ek BRI . AURTFIFEAY, AR TR ) A
FrE U, TR R R T R AR S R IE B AT DL A Sk

1E— S RE KRR 5 G Pe A . I RN & KERGER,
HIUT Jo A2 IR KR TR g AT PR, TP A2 0] 5| S R R A A 12

2 Tk FRHIBUE BRI R

2.1 TR FRRIIBAE AR5 P SER A JE PRSI

KA HR 1) S R 5 0 N IS AR Y 1) s RS2 M it A 7 AR VA TR R K AR R R A
SepE i — B R REI SR BTN 2 B BRI KR R R R R RS R AL
e KT R R, LR S o BRI B 1) SR R4 g B AT s i 27 1) A B AR
FRP) AN, RHE G T RA S FIEE), RS W EIINERE S,
J&THERMEA A, 1REE 58 NN ot RS2 28 B i ki 2 — MR &)
Ji, AN TR BRI B R AT Bl N SR Bes2 21, NG T e Es2 2 e R ot R FE R A
WL . 2-MIB A1 GSM RS2 BRI 7 5 9 ng/L~42 ng/L A1 4 ng/L ~10 ng/LU,
1 AR AR ) ML i o) 1 5 BN 7 A5 i 1 S R A R mT D g R B A ) A A
L, AT B3 0 K5 2 4 e AR i B

B R A Y AN 7K A7 A S A D) R, g 3 Ll v A K 2 A 1 7K AR 2 454
R 7KK, X AE— 8 R oK 17 P AR 7 7 7 Ach B FH 7K Gt 2 H PR A P
1M HBARNKE RS s A S MR R, WHER. RS FED . TEERE
BR. AR, BHR. RO ER. MEEBENBRERS, ZEFESFH
FEAE . #R2E RGN R IR B R4, dE S [EAREE (2013) ki, Ak
B RS 2 R AE B IR R A R B R A K, S R, AR ERAE
& SEER. Wik, Tt I8YE. DREH . e a5 k28 . T ix e



X I FSEFRI 2 BTF 7 S5 R S X A FH K PR 22 2 DA R AR A 3 4 1) 75
LS S eI Y P

2.2 KR RRIRE A FFE _E IR

SR A Jo 7 s e R L TR B ) R o SRR TN R K IR L R
) = EEREAS, RUONAE K A SRR, Y e TR I S X 4, R
KB BT K77 i 2 5 B Rk, 185 2 7K i AN A6 BT ek
VIR 2 BRI R A femm, A FE D AR, 0N, K PEeE, REnsf,
T il £ 0l £ SR L0 REIK P I BB R R MR R S R 2 B R ARR, R 2-
MIB 1 GSM & fto X P Fh SR 5T &R 2 S AR TR 1K, KA H ) 2-MIB AT GSM —
oy 2 M NS, #ENAR, JRESRIRNT &2 mMAL R, & UE
PG AR R R RN, @I BB E N AR R0 S 4h, mRE R
A 53U = BRI 5 R4 B R b BRI, X S S I B b R 4 gk N A
HAR #1510 2Bk o

3 FIRYIBRYEBRER

TR 5T 1) 25 BRI R A o BRALR IR 3 SR R A o e AR AV IS 5 Bk, 7K
[ AR T2 2R W0 UE S BT BRARA LU 0 e iR o, R AN,
FoAb R st R B, AR KK P B A B B AR A DivE R A A e 2-
MIB H1 GSM %A BRI, 5H—Hiwtse48 i, BT K08 5K 2-MIB 1 GSM 1)
PR IRE —4F, I AR R 8 R A 2R W] LS ANTE s DGR R 5 T
(Potnmat s HE DA K BRI B R B S R o ) R AR A KAk R
i FE D U IR AT AAT R BR R 5T, L5 DR A B R A A= AT DA S R
VIBUHEAT AR, X — R R R I AN = 20 H AT RO e e R4 5 1)
FB AR S PRI A S o SR IR IR B P RE A2 BN WA A
T B, it 2 FLAS M0 R AT, 2 5 2B X — A B BR AR
B, B K AL & E S IS DL AR BUR, X2 BT KA TR B R LA
5 RIS, B0 IR BB R RR BRI A, R R K B
Al AR R e B LT 5 P R FRI R B Ak 2Rt 2 PRI, 75 BN B e A B ) 7
PEIR A Re 19 210 TH 7% 38 v LA SZ 097K o 3 PR R R FH AT LA AR B8 2 () 3E 5 U
XHG e Ak B AR BN E IR, T H 2 KRG R AOK] RSA . B E AL R R
JT MBI ERR R R T7 15« Horh e B m K 715 2 A SR, BT 2-



MIB 1 GSM 1% BRFCRARGS » (BAL 75 5y 7 A 1 25 7 0 U (R A7 57 R 1) i 1
& TR RIEAR . HoAh 7 Bl an L Ahek, 1 S A S A5 T DA o 25 B R R e
Forp et B 2R 2 A BT AL . XEEEAL BRI R AT, H /2 7] BE KR Y
IR AR B RAS o sbAk, AP, RIR) P RD 8 I R rh A 0 1 B g xS
DR BEAT 5 BB — PP AR A R H A BRI 22 B T BL. IeAh, TRAHETEE N
] DL I A A7 P 075 2 ] 7 S AR R 8 1 A, DT i) 42 1t 42 ) S R A2 o 9K
E[B]o

4 FHRHIBR) S SERBUFIE N AR

KT 2-MIB 1 GSM 1% 2 RIS AEAR AR B9 FE T At 2 52 e 7K A= AR ) ()35
Y, —FhE I B BOR DL FerE il e i B A R EEME L. H
B AT SE BB S BOR & K e 2] LA HriX Se b S W) B0« 32 2R A I 40
TIEA AT PR AR TF IR R R S5 R B A 2520 -1
RHGER . BORAR DGR, AR EGER), AR AR B B OVRI 4 P i U B 2
2%, BUTESEIG = P iz H i 2 (0 5 152 SR B A (gas chromatograph-mass
spectrometer, GC/MS) KX X Ee4k A4 47 % flg =40 B9 B H AT M1k, GC-
MS il 2-MIB A1 GSM HIHARFEA R, PIFI L4051 (1 A R X 2 RE 8 1 ko
TATE o E AR B TR BRI K AR H i 2-MIB Al GSM. B EE A 2 [ AR il
WAL E GC-MS, XM7Y i 32 BE52 00 K 3 R 2 BOE AR FEARRAA
[ R TIN5 SS9 i

TR W7, BN E 43 Hi2: 32 BLRAEAN AR & AN 78 2 BRI 2 R AN
REfG IR BIARAERT (A, EFEMRBAS L (TOND FIRSEJZ R 43412 (FPA). TON
e TR KA T SR (AN T 3, B K RER RS, BB BE R i) H S5 IR 1) A
BEASEORONR A . Ak, W Z R TiE I R S TON AL, H2X 7%
W RRHIEGEAL, FR LR 9 LA EEG, FREAT R o X b VR AN T 3R
W R DL R AR IR B R R B . BRI 3, (HREREMIR . A
JIRKE T ) o HAMEAR, BB A, A& RV AR AR AR & S5 A 2
)3 5321,

SEIG TR, HATEE A B iz B ARG UG 7% (SPMED %) 2-MIB
GSM HA RIFI TR o 55 HBERAS L [ AH 28 RO R I BHE AR L,
EONERA TR iR EDs, PRI w5 B (BHAR M it
HARBA AL, B A5 FR R BEALE 73 A BB R KRR IS B G, T [ A
B 20T & B TR & 8 TR K A X B4k S0 [ 2010 4ELLSR, £ T0sE



Wt eaeKIN, BTESHPIT CEERU T, R &R ML 4EK
RIS RENS A B BARIAT IR, A BRI . R RNBRT, H
T MIF-1b Zw 9 M o S A4 R BOs AL AR &1, £5 GC-MS
BORE G, REIESRE AR IR . REWIL, %77k SPME-
GC-MS sk s KL HARB &, GlUnZEEAT YRR A 53 5, SEBnRAE Ty
FAAMREAS BRSNS 8] K, HLGVAEAT H B A A BTG I 5% o TX B SR E R A IR
il 1 HAE KRG R SEBRN  , BE 2 R A T S S AR D40

5 MR BRFIEX

K7 IRFENV AT At 2 e 5 e i B B BHE 7, AR i e R B KT S A 3 ot
BT AR B E EAE P 3T Uk, BEAR AT 7K i 0 5 SRk
By, B AR AT L AR B TG A o AT R AU AE TR B
mn, WHEREE R ERRT. Brel, G sgmKrs i, s ATk ik R
JEOA T FEN ORI I, B2 B T B i AR AT I — R

RIS KA R S R 5 1R 2 M K 2 B mp /KR K 2 i A S5 R KU
RAATXE T 7K 77 FREELZKAR Ff S R A Joit 14 A WA DA B 2 Al B (18 B2 M AL 3R 11 23
A2 X FRIE K A R 5 2B B RS DR R AT 0 AT, oK SRR AT
My AR I — TR At 1R BV R AT, D7k IR FE b Y T RS A R
S 7 —RE DTk WF T AT 548 W IR N 2K 7 IR R A AR, 7ot
T IRFEAK A T AR AR B SRR R R . AR SR IR SPME-GC-MS £}
FRPE K AR P K SR BREAT R (I RE v, AR T 2 IOANVE, 0 R REREAT
ANE S R AR AU TR A%, Teikin AR AE /K TR AR MY K SSRAS N 1 1 A Kt
EAEARIN SR TR o RIS T o S Al SR AT AL, PR
AU AR AR AR BCEOR, JEXT B SR A AT DAL, A 3G K™ FRFE ML AR
S bR AR 7 S B R R AR R R A I PR A B o WA SR LR AT — e I BR TE X
ANSEBR R OME, BAEENLG. SNt E L.

6 MRAESHRREL

AT AFRAE K AR p P R i S B SR . 2- R SR ke (2-MIB) ATt
RER (GSMD, {EFRFRAEA AT A U, ARl o0 AR 5 3R BE . K
JRZHRKAR RS DR K SR E 70 A, X A B AT it . EEAR
=Ry HAHA T VLI R TR MER M X TR K AR o SR BT ) 2 A 1 0L,



WICTRHE b FEAK IS 02 7 DRI AR R bR S5 5 HOCHME . X
M) FH P 8 BB A BT R0 KRR 1 2-MIB A GSM. EAT IR BT, FRAR
AL BRI 2% A1, DA A Aar ) 77 v FR A AE IR DU R A B 5% FERTHG BTG &
HEAT 5 A A FRAAS I £ 170 R F S5 DR 1 72 v 8 75 A BB B ke 7K A
2-MIB Hl GSM HW PR3, FRATIN AT 778 Tl R S5, BV A M I
FEARX7KAR H 2-MIB Hl GSM #H 4T TS S A0 B, DA 2 S A r= i FE i 75 K
FAREE LA 1-2 Fior,

) R RERY B

S KR T SR R IriERtk AL
9 45 A K k T B SRR
LTL'\‘I R 3
l R L R R BT
PR O A
iR R
| A B A E
KEhssRmRoen | T d ’
SPME-GC-MS T4 2.5
RV WA KL (MOF) RIHE
%E D}qjﬂ/]\]!ﬂg %ﬁﬁ K ' #EF“ &@’é{t%ﬁinu :l%&ﬁéliggg*ﬁé?}?‘g%é
[a7s] N &, 7 o 5 o i = SRR A
T e RERORARIR . AL R BAERE AR EEShE
ﬂiﬂfjﬁfiw%gﬁiﬁﬁa’fm e R
: L 7 e A T ) 1 ’
pHI FE M T
1 FRA kT SRR ' R RACE
11K P43 A
2 FRBE . ER R Plackett-Burman/ 471 i
KRR K e Behnkenf 5 1 43 H7
SEURADIT R R B
BRI

[ 12 HARHEE

Fig.1-2 Technical route



BT FEKEPFRERMEBIKFE S HIALF A
FZHKRERIE D

]l

5l

IKRNEH LR RSN HE AR — A EE A, 5AKE3) 8B,
HAE K= IR = A o 35 35 e B AT o 7K 8 Y05 AR R 7 B A2 B8R 22 11
N o BEAE /KGR R TE 52 7 E RS G ) R, T AR A X KA o BT
Qe T B e L, BB T AR Z B, EREE aE, Bk
AR R . XLy 5 P AR o A 2. DA E . R
SEIRF), WE . PR ORRT . ARG SR R
s A FRBUS P % 25 7 A 1 8 5 2R 8401, L il 9 2 F /KA & 38 R A AN 4 BR AR R
SR SR SOK AL A ML, TE7K AR 5 1 Bl 5 X 1 SR, BN
TR X S SRR R A SR, H O FE B AR 2 e B i Y X Rkl
Vb B R IR R T A2 S MK PR SR I — AN B BN K, HF BN 2-F R R
BE (2-MIB). 1 R%E (GSM) 5. XU EYITE H AR T PR R R, RERE7EIR
IR IR BE R Al AT TR IR 5T 8257, 2-MIB A1 GSM. AR 5 15 A1 VA< B2 9 53104 9 ng/L~42
ng/L 1 4ng/L~10 ng/LI*, H 5/KIEMKFAEZVIRR R, FIBEA TR
YN SEAER

AT T 7K A A SR R A 52 1) 93 A K 22 4 b T KR b 7K P26 3 v A A 7K |
(120 AR DA 50 T 7K = FR B /K A4 i S R 5 1) 70 A AR AR A ol i PR s el 8] 2% 11
ST o N TR IR = FRGE KA o S5 R S5 R KT 23 A LA RORE SR IR BN R 3R R 96
B, FRATERE T AR REMER X, BT X R K K IR
HHEKF SRR E L, SR T BT MR 78 261 o SRAEHL s A7 TV - 2021
6 R LRI AR b DX ) LR K R DX K AR PR SR R A SRR K S S AT
THE o R FRFE KA R R R T A R P T DR SR AT SRR AT, AR ROK
FRFAAT MY A AEAE (X — ) AR AL T R i B B AU HE , Aol = b () T RF 4R
KM T — & DTk .
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1.1 ARXIEAERTE

ARG KFEIAE 6 H 4R BVLIR A IR X ) 130 DIREBYE (] 2-
1), Herp R0 N s 1 FR AR 3 A4S Bt IR IR 3 > Mt IR TR 16 4.
VU RS TR 33 >, B8 IRFEIE 3 >, HRIRGEIIE 32 4> BEIRIEILE 6
Ay KN EEIR IR 6 NANHAh /K™ dhIRGE I 28 Ao BEASTRIEILE A K
FUFIHEZK 13548 AR ZK 2R TONIBYE 0.5 m Zc A AT HORE, 8 156 ) o R Y
MY 0.5 m ZE AT HZKEE, AR 4 CCIRIRRAF, 5.
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2-1 IIHEEEMARMXA 130 MRER, HPABIRCARER

Fig.2-1 130 sampling sites in coastal tidal flat areas of Jiangsu Province, among which red marks

1.2 &5

are sampling sites

(B BT Agilent “UHI G - IEBET L (GCMS €370,



Agilent7890B. iS5 : 5977B GC/MSD). [EMMAEEL (SPME Btk TH;
AR (BB HERLF ). MEFERN (BB EXESARAR ) BTFaIRT
(HFRF) AER Z A A PR A & Master-QUT /K4lith 248 (LS RAUBRERA
&l Yo

MRS IR 2 PR S R T bR VA 2-F B R BRI (2-MIB)
AMERE (GSM), FrUEIKEEN 100 mg/L, WL HZEE 02si smart station 23 7
RmE, fika, S48, frai A M AERS 4Lk (25 : 5030 um
DVB/CAR/PDMS), W H b2 i sSeig Bl A R A\l SEI KB 4K .

1.3 FRERZRIE L

2-HE IR RE . LSRRG bR AR d e B R P Bk L IR T AR
TSI 9% BARIREE N 10 mg/L IR GARMEE . B FEDE MR 1.
10, 50, 100 pg/L HIbR#E AR, HTFratdh @Sz, B

TEKFEF, WRYE 1.4 S8, 8 e B i) SRR EEARE (1 ng/L.
10ng/L. 50ng/L. 150ng/L. 200 ng/L) WIFRAEVISIEI, 73 LL 2-MIB 1 GSM
(R FE A AR,  DLES T U AR AR B el bnitE di 26 . Wil 2-1 BT, 2-MIB
O GSM [T AR AR FE BRI R R &R, HERM TS HA y=
1937x+15527 Fl y=1537.5x+1057.4, R* 735529 0.9997 F1 0.9982, F A Hi A F #F
A 2 ng/L

 2-1 PIMP LR T A A BOE BB L BT R . A B AN 2 R
Table 2-1 Linear range, regression equation, detection limit and quantitative limit of headspace
solid phase microextraction for 2-MIB and GSM

S HT L PEVE FEl (ng/L) LR [l )3 FR R? HRARKE K (ng/L)
2-MIB 1.00~200.00 y=1937x+15527 0.9997 2
GSM 1.00~200.00 y=1537.5x+1057.4 0.9982 2

1.4 SRR E

FKFE SR 5T BRSNS FH ) 72 T2 [ AH A2 B (headspace solid phase mi-
croextraction, HSPME) J7 V2 HC & AH- B3 I X (gas chromatography-mass spec-
trometry, GC-MS)*3,



TR FEARAEBCD BN BRI 4 0 1 BIELE0E 2 g EALAN I A5 7K
FEIFERE] 10 mL, EREBAT BAHMAI 15 mL /M. RJEIMAR
Pt T, WEMEEE 1200 /min, &EEEA 60°C, ZHUN[A] 30 min, 45K
Jo TV THORE B AR A S A i SO B AR O, BT GC-MS 43T

AT I R A s L B 45 2F: DB-5 ik (30 mx0.25 mmx0.25 pm),
FEARTHERAR . BT 50 °C, fREF—20%h, DL 10 °CHEp o iR HTHE 2
1200°C, f&%F 1min, L 20 °CEAEPHEZTAIE 220°C, {R¥F 1min; HEFE
BN I HEAE s HERE TR 250 °C; #EFE 1% 772 7.66 psi; &3 £ : 44 mL/min;
WA NEAR (41/2>99.999%) , iE A 1.0 mL/min.

7 HER(ED, &ETILEER 70 eV BRI 230 °C; MS PURAFR
150°C; AEHLRIRE 250 °C; ¥EFIIEIR 5 min; 3R LB B TR (SIM) (8
2-2) .

% 2-2 2-MIB Fll GSM & TRl 244
Table 2-2 ion detection parameters of 2-MIB and GSM

&Y LREF B [A] min EMWEF m/z EEET m/z
2-HIEEFIEE (2-MIB) 12.303 95, 108, 135 95
T+ RE (GSM) 9.184 112, 125 112

1.5 B IKBHEFRRINE

TATDOH WK e b B AT T, BFEERE . pH. WE. BE. =R
B (CODMn). ME (TND. M (TP) LA EIFY. Horb & R ks e i
FHRATGAC pH WA IIAE A pH v, VA S AN RE R ar A FH VA 484, iRk K
Ty o I rp e N B AN [E X bR i GB11894-89 (i i R4 S 1L-2 443 60k
£ GB11893-89 (FHER#Z 7y HeE i) GB11892-89 (FRYVEmELIREF L) Xf
TN. TP. CODwmn BEATIRE, SR A HEARTRE VR AN & 3 e & AR B4

1.6 BT

SEIG KPR IS SPSS 26 B HEAT ML ¢ A5G B & ANOVA f56, Fi°F
PIEEpEZ (MeantSD) HIE KR, EE MK N P<0.05. KA S K ArcGIS
10.6 Jrfi, B Geit# B 5 A Origin 2021 il



2 BERG57h

2.1 FFEKAEH 2-MIB 1 GSM BIEENHT

AT 548 Vg e b X 1) 3 2 SR X 3R AT 17 /KRR 4R L i b 3=
H R FEAT TR, S5 RO, ZIX IR K ) 2-F 3 SR IR IR
N 2.76+2.24 ng/L, Hr 26%HIKFEF AREH, 99%M7KFEH 2-MIB W EEAIK T
9ng/L; LREMIKE N 29.07+19.44 ng/L, Hr 90%KI/KEEH GSM K= T 10
ng/L CUnPE 2-2 A7) o SEIR UL, XK 1 GSM K EE & T 2-MIB K .

100 -
80 GSMIFIAHR i
GSMI) B
_ - = - 2-MIB¥ A %
S 60 —— 2-MIB(¥ RAU R
R 40
20}, I
JH(
1/
0 — T T T " T " T ' !
0 20 40 60 80 100

W (ng/L)

2-2 2-MIB #1 GSM HU3KE 5376
Fig.2-2 Concentration distribution of 2-MIB and GSM

2.2 FRIEKEHFHRRIKF 7 mAE

TEXTKFERIAT REM I RE A, 0 i) Rl —FRFE 3 Hh itk O, 38 0 LU
IKEHEAT T2RFE, LA Hr FREE KA b S R BT (R 7K~ 4 A IS L, 45 SR an &l 2-3
7~y HEK AR 2-MIB F1 GSM K FE 73 511N 3.5442.34 ng/L # 28.93+20.82 ng/L,
L) 2-MIB F1 GSM K JE 23 511 A 3.82+1.60 ng/L Fl 32.51+18.92 ng/L, FE/K H H
ff) 2-MIB F1 GSM #7351 3.53+1.64 ng/L 1 29.49+22.19 ng/L o XF = 4b () Rk
YIBUEAT T 253, ATVRIMAE 2 2-MIB i 2& GSM, #% A BRI 2 57



(P>0.05).

100
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$
. = = =
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SRAE X 35

2-3 7kfAkrh 2-MIB 1 GSM ;K E 7K 957

Fig.2-3 Horizontal distribution of 2-MIB and GSM concentrations in water

2.3 AEFHESFAKAET 2-MIB 1 GSM BI3K E 547

I AN [F] FRAE SRR ) 3 R 2-MIB AT GSM I3 BEREAT AT, BRATTR A
[ FRGE i FR 7K A 2-MIB FT GSM. I3 5 A B 2 0 X, np] s (1) 2 5 /K 2-
MIB 1 GSM HIKRE 59 1.6£0.7 ng/L 1 14.7+1.6 ng/L; $ffa 75K 2-
MIB 1 GSM I 4> BN 4.0£1.5 ng/L A1 19.3£4.2 ng/L; i fh [{FE5H /K F 2-
MIB 1 GSM IR 43 BN 4.142.3 ng/L A1 27.5+11.1 ng/L; T KK £ 5555 /K
2-MIB F1 GSM KM 53 314 3.7+1.5 ng/L F1 31.5+18.3 ng/L; #84h ff) 325K 2-
MIB I GSM [ 54> 51N 5.0£0.6 ng/L Al 13.4+1.4 ng/L; UFHKIFEGEKAE T 2-
MIB F1 GSM I EE 4354 1.1£1.2 ng/L F1 30.3£18.2 ng/L; BEHIFRFE /KA 2-
MIB AR FE AR, GSM IR FE A 47.6£21.0 ng/L; /K HliF VR F7= 17K
P 2-MIB FORSIN BE A AAS . GSM IR BN 2.3+1.1 ng/L; HoAth 3758 i Fh b
2-MIB F GSM IR JE 5 5 3.68+2.34 ng/L 1 37.67+20.86 ng/L (W& 2-4 fit
D)o [FIRIAHERIL, ANERAT A MM ERIFREKAES, 2-MIB R E 5T



GSM HIHE (P<0.05). FEMg . il A8 7 R A K A4 2-MIB R FEERH & T
HE (P<0.05), WK, B\ E/KEMEFRGEK AR 2-MIB B B B fIGEE 2 R A
(P<0.05) X T GSM ¥R BRI L, BRI R GE 7K R FR o B B 3 v T B R B
FREZKAR (P<0.05), THEE/KUEREEFRTE KA H GSM B2 A LA IR

= 2-MIB
80 - = GSM
A
60 AB
—_ AB AB
S
AB
S 40+
X
204 BC BC
_ . a a ab a . C ab
o—!-l : : : J == | —F
S A
S @)%

N
FRIAFPR

2-4 RNEFFFEMMEI7KIAF 2-MIB F1 GSM BIIRE

Fig.2-4 Concentrations of 2-MIB and GSM in water of different cultured species

2.4 FEKEDRAREFERERFS 2-MIB 1 GSM 3K E LB 9

FRIAAKAE T IR L R R AT e 5 H R R st 17 A 5 T 22 ST 28I &, DRt
X KR F K240 2-MIB 1l GSM WK FE AT A SPE b 1+ A L B2, Ok
FE SRR (HHR RS r o) Wk 2-3. HE AL KK EE S 2-MIB
1 GSM IR FE I ZVEAH G TR BT e, AHOC R 305 31l 9-0.769 F1-0.825, £ 95%(1)
BEXEEAMIIIKLR: pH 5 2-MIB 1 GSM ¥ 5 1) 2 18] f 2R A O T AR AR,
FHIR R 104-0.035 1 0.082; /KR A A TGS 2-MIB 1 GSM K JZ#S A
A BRI, AR RN 0.859 F1 0.760, RIFMKEKR; KES



2-MIB Al GSM WK JFE [FIAH & RECEBE /N, 437004 0.340 H1-0.159; 7K 5T A1 Fh i i
IR ERFREEE 2-MIB M GSM ¥ FE IIAH 5¢ R B AR/, 43 79104 0.181 F1-0.199;
KA RLER. BBAEES 2-MIB R FIAHSCHERAL, HMLRED AN -
0.264. 0.124 #1-0.533, {H5 GSM ¥ B A BT A A, FHAHSC R 3057
9 0.759. 0.790 #1 0.801, HABRIEAHRKFR: SEFYSHAKMAEG 2-MIB Al
GSM KB FIAH R RUR, AHIC RS N 0.326 F10.277.

R 2-3 FREUKEFAFK S ECS 2-MIB A GSM K Z HIH
Table 2-3 Correlation between different water quality parameters and concentrations of 2-MIB and
GSM in reclaimed water

R RH
W

2-MIB GSM
EREE (%o) 10.29+8.87 -0.769% -0.825%
pH 8.52+0.28 -0.035 0.082
4 (mg/L) 12.34+3.67 0.859* 0.760*
BEE (°C) 28.44+1.17 0.340 -0.159
FER R TR AL (mg/L) 19.06+6.25 0.181 -0.199
BA (mg/L) 3.49+1.79 -0.264 0.759*
B (mg/L) 0.40+0.52 0.124 0.790%*
A (mg/L) 0.22+0.39 -0.533 0.801%*
HETEY) (mg/L) 73.87£159.85 0.326 0.227

TE: RN NN B
2.5 AEIEYE KA 2-MIB 1 GSM BIRE S %

2.4, FATSENK AR R B X H: 2-MIB A1 GSM sk, Hl A&
KHR, MIEREHOR, 2-MIB 1 GSM 193K BEERAK . T 28X A A 3 B 7K 4k 2-MIB
1 GSM (R FE 3 A idEAT T BARBI 04T, anlE] 2-5 wl kN, AF 58 X ey 7K A A i 2
FEVE N 2.0%0~38.3%0, A 25 BT 30%o it IE R, 2-MIB A4S 25 SR 45 &
Y, GSM BIRIIKREE N 3.47+3. 74 ng/L, AR T FIKE . M 2-5 A LIS
1, 80% 1 S AR o 1) AT A th 45 SR AR AR HLE ERFE D 2%0~10%0 I FRFE K A4 H 6
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0.002160

2-MIB
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0.001223
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Fig.2-5 Concentration distribution of 2-MIB and GSM in water with different salinities
3 i1ie
3.1 FRFEKMF 2-MIB 1 GSM KIRERE 557

FEH BRI FE A, X T KA 2-MIB 1 GSM (#7341 BL A AR A R K 2 A
FEDH R A S FKIE b o W TN AR FU /KU (0 S RV it oo A RN R B, 2-
MIB Al GSM fE 7K A4 ) 3 L3 A 32 2252 S i s it 21, S i i sk AR A L
AN S BN, AT S R o ) 7= AR AN o A o AHAEZKCTAERE E, e sl 2 X
TIREARET, BT IR A R B D, HOKOS%, KERRUEER,
HAMKTAIANK, By EUR] e A2 3 il AT A 5T W e X 0 2R o R4,
WA TR, ZR A FURRIE AR LSRR, 2o A ™ ik
(EAP R B A IR, ldn, 76 st Bs I B 2 I, K
b 2-MIB HI& B 5w, H GSM B4 5 2 1) 5K A b e 0 5 EoA 55, X
S EAVEN T R, 72K 2 B MR (R IEK AR R, 2-MIB & A
i, 1 GSM B & BRI A RA BH A LIRIER ¢ &R IR B AL 55 R A m K A%
HE o BRI, BAE K RE R I R, AR/ A AR R, T ek 2 A
xR XA BT BTN MR ISR AR T R BT PR R R o L



Sto BEAh, ZE1T DR E AR S M TR K R SR R o ) S B o AS BT ST R K
FEEECRERAE 6 A, WF0KiERR, el R ER S EsE, A
AT BRI R R AN, MBS AR AR S R o 1) 2 AR 7 00 Bk
TRAR RS P AN B AR A 2 T BOIRFE /K A St R Jo 5 B AR A BAUBe o A K
R EERR, HAELIR R I MR IR HK T, GSM 2 £ ZH SRRV .

3.2 FRIEmIPXT 7K A R BRI RN

FEXTFRPE KR SR I B BB AR R e R v, o L IR B A R DA B K st
SRR RN T3 BT 2 AR 2 0 o LT C A B 7 N SR A0 56 [ DU AN M ) fig £ 57 B
KR SRR BRSO 04, AR X gt Rk 5 A7 AR R B T
W25 Fi4h, FEAFRERHERET, FRIEKAE Tt 28 7 GSM IKER
ZE RPN, FEARSLIGEE R, FRIEAFIR SRR M, GSM & &% 7RI
To (EHRN. BELLRIU R @ IREKE T, GSM & B R Em, H I EER R
RE AL FRFEI (8] AP O HERAT O, AE DU R K S fi BRI, SRt HAH R 2
X EREE BN VKRR S R, R 2 R

3.3 FRIEKAEPERKEESHUALEE SKFFFRIFEIX R

TR R H K5 2 B VA IR BE KR (1 B B R b, 5 57 ORI R 10 A iy
AT EIRIER R o AEXS A NEYE PU TR K BUEAT I A O A I, KAk b ek
Yolst 5 HR Y el AU B BANREAE A A E R A SR,
e rp U B R H K AR A e IR R R, 3 R A A E R R
B3, (HAEARBTFUR ORI, Wi R K AR o 2-MIB IR 5 HARPEA R, H
GSM RV JEE 5 BB B I Z PEAR SCVERcas, HLmT e DR U8 U & B B E )
A, BEMERE 1A RE AR ) £ R B 2R, T 2-MIB 32
SR/ AR H AR LRI Z —, WRNSE - ERE R T
IR BRI ECE Y, TRLHK A b i 8 5 L SR A 7 M ) S R oA — 5 1Y)
V0 N 2R I IEAR SR R AR, SEIRE R AER] 13X — i BUAh, EREEXT
TR A AR B ) S AR AR R, ARG R R e o R 2 R K
PRI B 7, WA A SCHE FER M, KR S TR AL N, KA B K
Yol i35 A R, i EdE 2-MIB 5 GSM S5 5P F R B0, JAT TR 5k
W RAE — AL EARER] I . (B E S BRI AR B A B H VIR,
ARRY], RSSO RO, SR, B0E B



H 1561,
4 251

AL AR I 2K 7 TR B K A AT U AT TR B, A R G I gk
KL JEOFIHK AL, 2-MIB FIl GSM AR RIREZES . #—D0,
PABERI A RZR (GSMD % X FRFK R T LB SFRY T, H 52 IR H

UMK, RN LUK DY R 5K i b 2 iy T LA A B PR SRR i . LR
KR AR, AR T I SRR R B S R RIS IEAR R OC &, RS
A 2-MIB HIREIEUN, X GSM SRR, 2 EMIEMRK R, &
JEARZKAR A 2-MIB A GSM [ E EEFEMA N 22—, shFEBOR, HoR R D
BRI TR 1R 7K 7 I AT b A A A 1R B e g e AT v B S R o )X — ) R
(CANE =i DGy MBE N P biee N A | A DT £~ 7023 i s I 0 DAY /8



BB kA - FRBREN TR ENBERE
R S M 2 i B AR R ST

]l

5l

KRG NRIWAETE BB, K FREP WA A, Fik, KI5
AERECA T A2 RERE 2 —07, il TR T5 Gy, KA 272 A — e R
JE A, XS ASR I RIE . MR AR 22 Bt C 2 O AU B2 ORVE R — A
H P8 H AT O AR PR RE R ) S A I AN 20t N SR EE KR A AR i
JSCEF BRI, H 2 T K R IR R R A o 2 L9 R 3 K FH K AN = i B
ERGEDE . Hop 2-H 3L Rkl (2-MIB) I+ ZE (GSMD &K A7 7E 1 e B
REEYER TR, O RIAER TN A& 2 1, SIS it H
0T T 7K AR R R A 53 1) 93 B K 22 B T 7Kk s K R TR S R KR b, AR
X T 7K = FRBE K AR A S R BT 1) 43 A AR DA R AR s ) 5 i AT 2% 1) 3 A i 4 121
X FRFE KA S AR o A R R SR DR 2R AT 20 AT s R K SR BEAT WL TR A AE
[R3X — ] R AL T L B B B AR, /K IR B B T RF S K e fi it 7 —
SE I TTHR o

TR FNHAR 22 51 B R 7 MK A SR o S6F 7K it 3 S R RS ] ) S R
FERTESAK, FEH2-FEFKE 2-MIB) flI+R%F (GSM) &K%, X
PP SR AR e SR R YRR, KRS Y 2-MIB A1 GSM — &84 & ik N\ IR
Ja » BN AR, FEAE S ARG 5 B LR TR, 3 mT DL B el f AR R B R UL
LB AR N BARA RN 54, mRF R K& 7t SR 5 4
B A A SRR, IXER A o N I T b R it N A, HAR MR A 2 BR 2
FKALT 2-MIB 1 GSM X RWE VBT — B HA R, OV EATHR kR BI{E
WL NN AT BT AL 22— TFIR 0 SN E J7 325 LA SOt HAE R I g
HAIEH B E X HATT SRR D& K 2R DL Hrix g4 54
e . FERHMATAER AR PR HIEAITT IR R0 - 25 B
(LI AR A BGELO), [ AHZE BG4 [ A 1 2 BRI OO VR0 A TR B 22 B 55
(43661, 7 S =5 vh iz e 2 AR 7 v 2 ST A% (gas chromatograph-mass
spectrometer, GC/MS) KX IX Leqt & Wik AT 45 58 € B4

IKFERTE) 2-MIB A1 GSM il 5k A IR 2, H b ok i 1) 22 UAH (81 - 5
TR o RARAE i Ja A8 FH T00 2 [ AH A 2 H7%: (headspace solid phase microextraction)
BUH B AU R B R AR T, 5 AR I O B AT A



31, {EA AN ST T W AR 45 A SR DA 1) 5 v TR B 5 22 b S
WRYIBT . P 04T (CLSAD, WURASHL (LLE), [EAHASHL (SPE), WAl
£ (PT), i NASEL (SBSE) MITH A R MZEHL (SDME) S5 A] LA H
PRI HEAT W SR L 2R ] DUIE R o 2 R BB B W S D e AR S AR
FEAN R BEE A 78 2 B O0 S R E 0 Ak vh I RR 2 R4 BiTi: (FPAD SRk
A7 78 P AN ] B 2 B A AT 0708, (HR Be 07V A — AN L[RSS5 1)
PRIEEIEE R, EEMBRE T, LEITIHERI, HRICER MR ZEZ
TSR N LRI FPA 7588 Ak,  HAs M FEFER K, 2RI,
PAVEAETT R —MO7 8, PREE, a7k, FHUS MR 2-MIB
1 GSM (1) & SENE, B A PR R O P RA B E R, Al il
BEREERRERE, A8 AR A ASCGEEA T U 5E 404

| AR
LI SR

FEAA SRR Agilent SAHEIE- TS (GC-MS) (g5
Agilent7890B. M 5. 5977B GC/MSD). AR (L&A R
ANAED . BT R GERFE-FER ZAES AR AR]), Master-QUT 7K 44k R4t
(LA RNEEAR AT, DB-5 (AifF: (30 mx0.25 mmx0.25 um). Meta.X5 4
EHE (30 mx0.25 mmx1.0 pm).

FERAE: 2 PR B PRRY) T AR SRR (GSMD. 2-H R
fiE (2-MIB), PRSI N 100 mg/L, W% H3EE 02si smart station A ] o
HEE. OfE. WE. WE M. RO htatal, 1 EEE Supelco A F] .

1.2 ;&
1.2.1 FRERRBIEE
T RE. 2-FRSRER SRR : FRERFERNER, i gk

W SC ) A ARV B R 10 mg/L (VRA B AEI V- 75 FE B 200 B 21 500 pg/L .
250 pg/L. 150 pg/L. 100 pg/L A1 50 peg/L MIFRAESE I, BUBECHLA .



1.2.2 BiEEH

FEATHRAZ . BRI 50 °C, fREE—708h, L 10 °CHREr P s = THR
% 180 °C, TREF 2 min, BL 4 °CHREPEPIEZFTHRE 220 °C, TREF 4 min; #f
FERE O AR FBERE; BERE IR 270 °C; HEFECI R /7. 8.74 psi; MifiE: 44
mL/min; SN EA (4iF>99.999%) , HiE N 1.1 mL/min.

1.2.3 FRig&EH

HL T B JR(ED, & T{LEERE 70 eV: B FIRIRE 230 °C; MS PUARATIRE
150 °C; FEHLRIEE 250°C; LR Smin; FA GRS B T4 (SIM) (&
3-1) .

% 3-12-MIB 1 GSM & il 244
Table 3-1 lon detection parameters of 2-MIB and GSM

EY LREF I [A] min EMEF m/z ERE T m/z
2-F 3 3 3R i (2-MIB) 9.064 95, 108, 135 95
+REGSM) 11.34 112, 125 112

124 BEEH2BURRMERT A

EERFET, H ImL KRBT A L5mL ELE T, B08 K
NHETE o ¥4 50 uL DUSH LI AE N ZE B A AKRE SR o B IRA WA 75 AL
IR AL 6 min, ARJETEZOHLH BL 3500 rpm FIESHE .0 4 min. H¢Ja
SRR PTARLE VS G A A BT AR SR 12 B Zhadb /N, 8 E GC-MS &
kAT B SR T

1.2.5 73R8I
1.2.5.1 #rERRZRYLEH

PR 1,21 AObR VA VR0 TEC A A T 1) 5 A FEE G FE IR AR B A 1 mL, %R
USADLLME KB BREAT G & 5, $200, PR 1.2.2 A1 1.2.3 Hr iy (i A BT i



SAFRIZE , RN &R PO R (ki AR, JFDOREEARARR (X), 1§
HRANADR (V) hlbrnE 2k, 73 02k R .

1.2.5.2 EYRMITE

N T G b v 2k AR E TR IR, AN SRR FH PR R I B e B o AR
SE HIERPEE I P, B 4 3 7KRE b, 38— 142 HERE 75 Sl B VROV A 35 072: USADLLME
PR E G G L. TR BIRCH] 100 pg/L. 150 pg/L. 200 pg/L K.
Ho i RPN R B AR HEVS R, IINEN A 40 3 (K EEH, RIAE IR B kit
e, TREIIbREICE (RIFRN “EIRE”, Recovery, a5 N R).

1.2.5.3 #&MFR

B4l KRES, (25 ARESBEAT S 20 I GE, HRAE W4 THIAR BT oH IRE (K 94 B2 3R
W bR R 22, IR M LN 3 (R S/N=3) 1154 2-MIB F1 GSM #7574 H R,
FIREEEL N 10 (B S/IN=10) 5 HEEE.

1.2.6 GiitEF o

KB G- AR AT Gt i, BdE 2 i ELBCR 7 2 08T, g K
*F 0=0.05.

2 RS540
2.1 BiERERIERE
2.1.1 AFIFNEIEFERYIEFE

H /B¢ F B T2 - [ AR AR BT 7 Fh R F 2 FRRE AN DB-5 (i i 4l 4
HAEARSZIG R, BT REEAGEH NG, Bk, TALER TR OEE T
B H AR BT . FRATT 0 51 B R R VU SR 200 bR v A BLRERR B S 200 pg/L

FIREE, FFFPIFR S AT EAUREI, #5025 Bk 3-2 Fros. FrCAIRA1E
VU5 2.0 A Meta. X5 ittt (24 .



R 3-2 ANFAEFH S AR GEAEXT 2-MIB A1 GSM i 3
Table 3-2 Responsiveness of different solvents and columns to 2-MIB and GSM

H VUE 20
(L
2-MIB GSM 2-MIB GSM
Meta. X5 - + ++ ++
DB-5 ++ ++ + +

TEe 7 URWARL; 47 DYMINAERAR; o D RE IR

2.1.2 BIEURBUEFHAMK

AR 2-MIB F1 GSM [ 5 J5 kAR LG, BT Ik 7 v 0 75 8 F 380 SOAH 80
JRBEE R A, BT DA T AR R R il . R R, FRAT IR BT T K E MR T
VB, ZERUFPRIS 50 ) 1.2.2 1 1.2.3 Bis, AR 8 100 pg/L.
150 pg/L+ 200 pg/L WK Hr o = FPAS R B ZEAT 40568 (ISR (R A5, R
#uxt BN 75.22%, BB HEFEE L.

2.2 FZEEIFEMHRMMKL
2.2.1 ZFEBGFERTENFRE

A5 (enrichment factor, EF) &R/ ABUGE 5 ZBUETAE & A 10 H A=Y i
WEZ L, HEARXN:

EF= Ssed (1)
Co

Horb Coed RRFEM AR G HIKEE, Co R MAIIaIR L .

Aant B AE T AT E BN, SRR 5 5 FRAE ) R .

FEXTEISCER (Recovery, R) FRNTEMEFE M BIEE, T/KEERFIMA—E
B AREYDBTEAT IS, A4 I 45 S0 B A b I e {8, A5 200 AR HE o
R, HEARN:

R%= £ 5 100% (2)

Hor Cr RoRIMARFEEE, CoRRFEmMME(E, D FoRhnbrg. HAHX
FrifEZE (Relative Standard Deviation, RSD) & Fr#E i 2 5l & 45 S AP HIME H
LefE, B:

RSD= " x 100% (3)



Horb S ONFRUERZE, X NIlEFE .
2.2.2 FEEFIRVIESE

126 45 T PR A VA 1) A T v R 0 B R 3 B FR SR B 185, USADLLME
TR RS A R 06 250 2 DA BER LK B s, fEK R A R AR, XS
H s A s iR ERE 71, 8 B2 5 8E K . ZESbERAl b, FRATIAR
THA; (CHBr3). WS M (C2Cly) HEE (CH3;0H) MM (CoHaND X PUFhiz
FERGLERIZ AR . BT HEE. SRR R, A& TR AR
B [FIRY, ZEHOAAITE Gk Bl ARt N B R e kgt . (BRI 1E &
5 GSM A B & 1) 10 &1, 1 HIRP5 0 g ARt Y & 2020, B R. Hgh
B 3-3 fion. ik, ®BEINEZEEN T — M FE I ZEEUAR .

% 3-3 AFEZEIEFIR 2-MIB 1 GSM (118 G301 5 i
Table 3-3 Enrichment factor and recovery of 2-MIB and GSM by different extraction solvents

2-MIB GSM
REHLF)
G B2 (%) CEEE (=2 (%)
WS LM (C2Cla) 19.70 89.72 19.50 113.41
RA5i (CHBr3) 18.40 57.82 16.40

FE (CH3OH)

N5 (CH3N)

VE: ZEEAAAEN 1 mL REFAT 50 pL REECGE T

2.2.3 #HARRETR

FEASPRAR R R /N 32 LRSI J 82 A RS U AR L B0 1 25 AR LA SR A (25
FEAS BAARRRIBOR, o 75 A DL B 18 CoAL ) SRy, Pl 7 R AE IO T
HATBE 3 B BUICR AN 3 o FEA IR B /N, A 2 UK B 5 SRR « A,
PATH ZAEGAUE PR TE LT, S IERREAER . fALprscindfed, ik
FAEM 1 mL AT 10 mL R8O AR i, AEA BRI IS AL T3 0.5 mL,
ImL, 2mL, 3mL, 5mL A 10 mL AR AIFE S BEAT BISCRIINE ,  JF DARE s A
BUNEASR, BISCRE P AR 3-1. RERTRT, TEARSZRERUAFIARL, HEFf
PRACL I E RSO0 R, FEdh RN 1 mL.
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Fig.3-1 Effects of different sample volumes on 2-MIB and GSM recovery rates
e ZERERAT 50 pL ZEBGATIA 20 pL AR

2.2.4 ZERTIAYAFR

S, ik 7R OIEEARERGE R N T B2 AR E R IR BUICR,
T T ) AR S A B A 1Y o R A TR ) AR S i A5 E 3K 3R DT [T 26
Fr LA [ETWCRAE N PR 2 A 18 1 - FRATTAE 1 mL (IAEASHIN 20 pL 40 pL.
50 uL+ 60 uL 70 uL+ 100 uL A1 120 uL PSR 20, FEiH X 2-MIB f1 GSM
M, 25 R 3-2 fos. #EERTA, EASZREMER ., AR DL R B

SIS OL T, ZERUR TR B AR 50 uL.
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