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Determination of 8 benzothiazoles bontaminants in soil by QuEChERS-high per-

formance liquid chromatography

WANG Lei”, WANG Beibei', HU Wanwan', ZHAO Kuan® (1. Department of Food and Environmental Engineering,
Chuzhou Polytechnic, Chuzhou 239000, China; 2. School of Resource and Environment, Anqing Normal
University, Anqging 246133, China)

Abstract: A novel method for the simultaneous determination of eight benzothiazole contaminants in soil was
developed using QuEChERS extraction coupled with high-performance liquid chromatography (HPLC). Soil
samples were extracted with a methanol-tetrahydrofuran mixed solvent system, followed by purification through C18
adsorbent. Chromatographic separation was achieved on an Agilent ZORBAX SC-C18 column (4.6 mm x 250 mm,
5 wm) with a methanol-water mobile phase, and detection was performed at dual wavelengths of 250 nm and 270 nm.
The method validation demonstrated excellent linearity for all 8 analytes across their respective concentration ranges,
with correlation coefficients (r2) exceeding 0.9992. The method exhibited detection limits (LODs) ranging from
0.03 to 0.18 mg/kg and quantification limits (LOQs) between 0.08 and 0.54 mg/kg. Spiked recovery studies showed
satisfactory results, with recoveries ranging from 82.9% to 99.9% and relative standard deviations (RSDs) within
1.0% to 4.2%. This optimized method provides a reliable approach for the monitoring and quantitative analysis of
benzothiazole pollutants in soil matrices.
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Agilent 1260 1= 20 ¥ AH 14 3% AL (3 8 Agilent
2% ) ; Agilent ZORBAX SC-C18 (% ¥ #1:(4.6 mm x
250 mm, 5 Mm); Agilent Poroshell 120 EC-C18 {1
(4.6 mm x 250 mm, 4 ;Lm); UV-1800PC-DS2 284 -
AL (R SR AR A DD 5 LDS-20 #
Al KL AT AR A 7DD o

IR JF wE W bR ME A 2-2 B ORI BE BE(2-
Benzothiazolamine, NBT, 4liJ% 97%). 2- FRILAR I g
ﬂé{é(2—Hydroxybenzothiazole, OBT, #fiJ%98% ). &I
BEME (Benzothiazole, BT, 4liF 96%). 2- B 3L 158
@(Z—Methylbenzothiazole, MBT, 4% 98%). 2-FATF
I (2-Chlorobenzothiazole, CBT, 4l 98%). 2, 5-—.
FH 3L 2K 1 € M (2,5-dimethylbenzothiazole, DMBT, 4i
FE97%). 2- H B FE K I8 (2-Methylthiobenzothiazole,,
MSBT, 4l 98%) Fl it fb — 2RI BEME (Dibenzothiazyl
disulfide, MBTS, 4f i 98%); = & M. W' R,
NaH.PO, #l Na,HPO, (73 Hrli, b g BT T A= AL RH%
AT W CJ . DO memE (s, #EE Merck
AHD; S K A HEAEIK s PSA, C18 F11 GCB WL
RIS e 2 EYRHLAFD .
1.2 &ikREEH

b ME W W FRHL 2 15.0 mg B9 BTs b 7 i
W AR B VE BT, MBT T CBT #K B2 28.0 mg) T
50 mLAFEIEH, A S mL VUSRI A, FH B
SER B, 193] BTs bt 300 A F AR 41 5
B, R bR S WOE R RE, 15 B)IR S AR AR
Sl
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B 12 3 9% P ¥ W (pH 7.4): 43 5l FREL0.57 ¢
NaH,PO, f112.88 ¢ Na,HPO, T 500 mL%¥ & i, H
KEZS, % H-
1.3 #Hmil&E

S S 2 KT IR S 2 50 H i B 0S5 ¢ T
10 mLEC A, AL mLBSRRERZE AT, 500 r/min
IRHEPR Y% S5 min; FFRINA 4 mL B s- PO &0 (9: 1,
VIVIRGEN, dRS24R7% 3 min, 7 H2H 10 min;
W5 1R W e R & 50, 5000 /min B0 2 min;
BN, 5 AR REIURELR, 5L
JRIE W B8 mL )R IE W T .08 T, ralinA
1200 mg Jo7K MgSO0,. 100 mg C18 WLFMF, #HEdR %
3 min, 5000 r/min &5.0>2 min; WH F 21 S mL,
30°C FAM 2R 1 mL, £0.45 wm fALA DL
DRI UG, R
1.4 UHBEH

ZORBAX SC-C18 {71 41(4.6 mm x 250 mm, 5 pm);
T A AR R M Al K, BAH A O S R T
0~3 min, 55%~65%B, ¥ii# 1.0 mL/min; 3~4 min,
65%~70%B, i # 1.0 mL/min; 4~8.5 min, 70%B,
W# 1.0~1.1 mL/min; 8.5~11.5 min, 70%~90%B, i
i 1.1~1.2 mL/min; 11.5~12.5 min, 90%~100%B, i
W 1.2 mL/min; £4£4% 5 min, #6009 K S 250 nm Al
270 nm; Fif . 25 °C; kR 10 wLl,
2 Z#ERE5IFR
21 ‘I EMRL
2.1.1 KGR Sl HRGE 51 8 Tl BTs ¥4 il 78 HY
B, 78 190~400 nm G FE N AT, H
AN aniE 1 iR, SR RN, 8 M BTs Wy
JF 43 S AE 217~223 nm, 242~252 nm 2 262~278 nm
10 B AT S R K o 5 SR B E 217~223 nm i
30 [l P 7 1 5 A 0 Wi 23 X6 BTs 19 43 B 77 A= 1
o, [R5 Rl o A oM R, SEI v 7E
250 nm 1270 nm 2K N HEATRL . HH MSBT
FIMBTSFEE A 270 nm T . HE YA 1K 250 nm
TR
212 @EERMER R T 8 M BTsE ZORBAX
SC-C18 {44 (4.6 mm x 250 mm, 5 wm) Fl Poroshell
120 EC-C18 {1, 1% #:(4.6 mm x 250 mm, 4 pm) I Ay
STERCR. 5 R, MXTF ZORBAX SC-C18 {4,
TEFE, BIR 8 FFFLE Poroshell 120 EC-C18 (54t
LR BRI BT 4R, {H NBT A1OBT LA J CBT
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Fig.1 UYV absorption spectra of the 8 BTs substances
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FEIR M 25 °C Tt 2 35 °C 1, 454 Jo 14 £ B4 Bsf ] 44
J0 T 290.3 min; {HFfE R TR, MBTS (%) 16 75 B
WARTE, VAL, XA T REMARIEE A,
Wi BT SR ER M . SCEE BRI 25 °C I iHEAT 43
B9, 8 b BTs 7E 250 1270 nm P T (3% & 4n & 2
JIiR o

B2 AEKEKT8HHBTs¥YRMEHEEILEER
Fig.2 Liquid chromatograms of the 8 BTs at different
wavelengths
1-NBT; 2-0BT;
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2.2 HAATAMIEEEMRL

221 HEBEF BT SFBTsEHEL. LHEH
VUSRI s A . AR WK, BRMBTS b, H:
AV H BER NG R BT, i
MBTS 7E P4 2 Wi o AT AP s gk . IR, 78
T AR AR, St FH /b %) DU S Wk I V2 e i A
YT, FTE e RGeS, Hrh R kg 5
FIB AT LA 1:9, [RIEE L8 1 DA Pt - D 400K R
9:1, VIV), ZJE-VUE IR (9: 1, VIV) Rl 44
FE Sy B R . AR R, AT R - D A
WA, MG - DU S R S R, A B Y R A
FERST s (A TP B E S o e, TR
T HRYIR SRS o MOk - DU SRR (921, V/Y)
SRR

222 ZWA®R EIRETESR, AFEMHET W
eI AN, NBT R & A 2 3k 5 52 3R
PERYSZm, TERRTE HIEh S8 G R LB P
FEAE, 2 T B A LA R 3R BOCR, it
e S ) R i oI — 2 R 1 55 B 2 AT
PIARUENBT 78 38 v LU 4y 790 UFF 78, I8 1.3
WA FE S, S R R 2 v W (pH 7.4)
PR HEAT AR I, S5 R KR D], 8B BTs (1 [l i %Ny
87.4%~96.3% , FXIHRifE(m 2% (RSD) 4 0.9%~3.6%,
SR E R WS BRI £k 5% i WOk
- HERE S TR

223 REGAFGER., BEUR AR E
BT 8PP BTs 7E A [ UA R | SRR B L K
PR [A] T B B BRI (B 3) o 442 B8 1.3 795 D7 i 4l
RS, A T RBGAN 4, 5, 6 mLEFHY
PEMAOR, 25K, MM R 4 mLES, 85
BTs FY 1] Wi % ik 5] 84.99%~95.0%; Bifi 75 45 HUIA 7
PRFESG T, [al SR 3G I B I (81 3a), 0k
PEBOAEFIARF R 4 mL, SR BORE S 1R L, 42
IO H R 2 R i, 8 B BTs Y 1] e R A W I 42 v,
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Fig.3 Effects of (a) extraction solvent volume, (b) extraction frequency, (c) extraction duration and (d) sample weight on the

recovery rates of the 8 BTs substances

K F T 87.4%~96.3% (1€ 3b), 0 BE £ £ BOR B R
2R TE R P I VA% GEE I3 0l 40 KHz, M5
D13 250 W) Hr, 43 54 BCS min #1110 min, &l 3c
SRR, YA PRI A 10 min i, RIS
86.29%~98.3%, WIIE =T 5 min, HOESEHER HEHUT
[8] 4 10 min,

224 HRE IS TIERERN, SRS
H AR 4R BUSCR RS SR B RN Y, L1
R, BRSNS, AR T B AR B O
fb; MR Z, SN A B, 22l TR HAR
AT EE S o 200 L3 TR S 23 0.5 ¢ R 1.0 ¢
P4 BCHCR , R 3d S50 won, SR E N
0.5 g, 87 BTs iy I3 1K 1.0 g B 25, JFH
LR E G R X ATREE A MR R 2,
AP PRI - R R &2, $RBUA R TC kY
A1 AR RN TR, OB A
0.5 g

225 BUEHMRL HHEETRENES, N
Z= R H AR o3 B RCR B2, 25 i B
FHUZ BRI S Tl . (EAS T B2, R
T BRAR i 24 A () sk vl RE S BT B AR, 53K
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HRDSREEE ., HAT, QuEChERS %5 FH 418 571
A PSA, GCBFICI8, S5 LA 133X 3 Fofr W 5 551 %
8 Fl BTs ISR ) 2, 45 9 % B, PSA FIl GCB X
8 Ff BTs 1) W B 455t , [T fSc >R 45 €18 B I PR AIK
BEBERE C18 W BRFFRIAALAT S o R T ZEARR i i A Bl
T P, B AR A JE 7K MgS0, Bk
PRI A . SC LA T R B R C18 Y
ANTR (A 1200 mg JE7K MgSO,+100 mg C18, B:
1200 mg JG7K MgS0,+200 mg C18) % 8 Ffi BTs [A]1i %
B, 455 R, 100 mg B C18 5t AEA 0 42
U8 FBTs, (0] AR 35 5] 86.3%~94.2%; >4 W Fff 51
C18 (1 FH i 48 1 3 200 mg I, 8 Tl BTs (%) [l fig R £
BT TR, HAp MBTS B9 IR TR . X AT HE
SR MBTS 73 F 45 MR HON FRPERLES, fdi151%
Yy I3 B R IR, FE C 18 15 AH_E 1 R
P P ST BU R ORE e bt DN iR E N gl i
FTEEBU AT IR T 13X —HE .
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Table 1 Linear equations, correlation coefficients (), matrix effects (ME), limits of detection (LODs) and limits of quantita-

tion (LOQs) of the 8 BTs substances

Compound Linear equation r Linear range/ (mg/L) ~ ME/%  LOD/(mg/kg) LOQ/mg/kg)
Standard curve  y=35.3775x+0.9448  0.9992 0.306-6.12 - 0.12 0.29
NBT Matrix curve y=34.0008x+0.9131  0.9994 0.216-4.32 -39
Standard curve  y=18.9215x+1.0225  0.9995 0.310-6.20 - 0.11 0.34
OBt Matrix curve y=20.2228x+1.0113  0.9995 0.260-5.20 6.9
Standard curve  y=24.4226x+2.5560  0.9993 0.560-11.3 - 0.18 0.51
Bt Matrix curve y=23.7767x-3.6474  0.9999 0.276-5.52 2.7
VBT Standard curve  y=26.1119x+1.5722  0.9994 0.418-8.36 - 0.10 0.39
Matrix curve ¥=26.8562x—0.4938  0.9999 0.216-4.32 2.8
. Standard curve  y=22.9946x+1.7232  0.9994 0.570-11.4 - 0.13 0.54
ol Matrix curve ¥y=23.3925x-0.6773  1.0000 0.254-5.08 1.7
Standard curve  y=23.2721x+1.9962  0.9992 0.284-5.68 - 0.05 0.19
PuBT Matrix curve y=22.1180x+0.2470  0.9993 0.312-6.24 -5.0
VISBT Standard curve  y=36.0940x+1.8664  0.9994 0.300-6.00 - 0.09 0.37
Matrix curve y=37.4870x-1.6733  1.0000 0.260-5.20 3.9
VIBTS Standard curve  y=31.0652x-2.9682  0.9996 0.256-5.12 - 0.03 0.08
Matrix curve y=25.6060x+0.5231  0.9997 0.200-4.00 -17.6
232 ZKMEXFR. MHRMESEMR LHEMANE  TEAARSHREUZ,

TSR RAVERE TAE W, LA 8 AP BTs 1Y it
We B (v, mg/L) WHE AL bR, DL SR BTs (1Y 14 1

FPAR, hiibrEfi L, AR WKL,
T NI RAFRIZMEC R, HCREL
RSB GRS 8 Fh BTs IR HA R
HIR(LOQ, S/IN=10),

£ H
= 0.9992,
(LOD, S/N=3) fl5E

a\ y)

8 Fl BTs 7

SR,

LOD & 0.03~0.18 mg/kg, LOQ & 0.08~0.54 mg/kge,

233 ERERMBEZFRE e80T, R
IS, s 3 IAR A A — 2 TR A bR i
TAEGWL, e AR (g 2k ilb AT 400, B RE
i AT 5E SR, THEE 8 Fh BTs 4 1] AL AR X6t f
HER 22 (RSD), 455 W52, 8 BTs it 724 ] i %
9 82.9%~99.9% , RSD N 1.09%~4.2%, J5 % B4 5
LF I HERR B FORS 25 5, BB 2 T AT oK o

R2 8HMBTs WL ERBXIRHERE (n=5)

Table 2 The recoveries and relative standard deviations (RSDs) of the 8 BT's substances (n=5)

Compound Added/mg 5 Found/mg p s reli:)/::j/e;% RSD/%

0.612 0.556 0.556 0.564 0.573 0.558 91.7 1.3

NBT 1.530 1.412 1.375 1.313 1.339 1.356 88.8 2.8
3.060 2.973 2.754 2.909 2.835 2.930 94.1 3.0

0.620 0.579 0.579 0.537 0.548 0.553 90.2 34

OBT 1.550 1.453 1.474 1.385 1.437 1.485 93.3 2.7
3.100 2.937 2.851 2.899 2.889 2.946 93.7 1.3

1.128 0.993 0.989 0.972 0.972 0.989 87.1 1.0

BT 2.820 2.671 2.499 2.549 2.626 2.520 91.2 2.8
5.640 5.868 5.606 5.372 5.765 5.572 99.9 34
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Continued Table 2 (£:32)
Compound  Added/mg 1 ] Foun:/mg p 5 re‘:;j:ff% RSD/%

0.836 0.801 0.828 0.794 0.840 0.809 97.4 2.3
MBT 2.090 1.939 1.916 1.996 1.966 1.904 93.0 1.9
4.180 4.076 3.948 4.017 4.093 3.975 96.2 1.6
1.144 1.064 1.077 1.112 1.069 1.125 95.3 2.5
CBT 2.860 2.682 2.747 2.691 2.717 2.765 95.1 1.3
5.720 5.554 5.405 5.468 5.550 5.436 95.8 1.2
0.568 0.517 0.478 0.504 0.482 0.495 87.2 3.2
DMBT 1.420 1.297 1.318 1.267 1.323 1.232 90.7 3.0
2.840 2.692 2.614 2.638 2.669 2.661 93.5 1.1
0.600 0.574 0.583 0.569 0.586 0.572 96.1 1.2
MSBT 1.500 1.389 1.422 1.467 1.433 1.403 94.8 2.1
3.000 2.886 2.818 2.866 2.816 2.876 95.1 1.1
0.512 0.451 0.433 0.407 0.423 0.410 82.9 4.2
MBTS 1.280 1.099 1.047 1.033 1.136 1.081 84.3 3.8
2.560 1.917 1.823 1.845 1.889 1.954 83.7 2.8
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WIR, 8P BTs E4 A MK FNLECRR
If, = 0.9992, hntr MR 82.9%~99.9%,
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