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Solid phase microextraction of benzenes in river
water by pomelo peel biochar

CHEN Jingjing, ZHANG Zhuoran, YU Jianfeng, TANG Shiming, CUI Bingwen, ZENG Jingbin *
(College of Chemistry and Chemical Engineering, China University of Petroleum , Qingdao 266580, China)

Abstract: Pomelo peel, as a by-product of pomelo consumption, is rich in various fiber and
functional compounds. The utilization of the valuable components found in pomelo peel may
mitigate environmental concerns. In this study, pomelo peel rich in lignin and oxygen-contai-
ning functional groups was used to prepare pomelo peel biochar ( PPB) via temperature-pro-
grammed pyrolysis at different temperatures (800 C and 1 000 C ). Their structures were inves-
tigated by N, adsorption-desorption isotherms and BJH pore size distribution. The results
showed that PPB1000 ( pomelo peel biochar prepared at 1 000 C) had a higher specific surface
area (749.9 m°/g), larger pore volume (0.42 cm’/g), more concentrated pore size distribu-
tion (2-3 nm), and better adsorption performance than commercial activated carbon. PPB1000
exhibited excellent capability to capture benzenes ( BTEX, including benzene ( B), toluene
(T), ethylbenzene (E), and xylene (X)) through hydrogen bonds, 77, and electrostatic in-
teractions. Additionally, their honeycomb porous structure could provide additional adsorption
sites and material transport paths. PPB1000 was coated on iron wire using the sol-gel method to
prepare chemically and mechanically stable solid phase microextraction ( SPME ) fibers. By
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combining PPB1000-based SPME analysis with gas chromatography-flame ionization detection
(GC-FID) , an effective method was developed for the extraction and determination of BTEX.
The optimized method had low LODs (0. 004-0. 032 wg/L), wide linear range (1-100 pg/L),
and good linear relationship ( determination coefficients, 7*=0.9919). The RSDs of the intra-
batch (n=6) and inter-batch (n=5) precisions were 1.04%-6.56% and 1.03%—-12.42%, re-
spectively. The method validation results showed that PPB1000 had good stability. Compared
with the commercial reagent polydimethylsiloxane (7 pm), PPB1000 had a higher extraction
efficiency. When applied to the analysis of BTEX in natural water samples, trace levels of ethyl-
benzene (4. 80 png/L), o-xylene (3. 00 wg/L), and m-xylene and p-xylene (2.46 pug/L) were
detected. Recovery tests were performed to validate the reliability of the method, and recover-
ies were between 75.7% and 117. 6% . This effective pretreatment process combined with GC-
FID could realize the rapid detection of BTEX and is promising for the analysis of BTEX in com-
plex matrixes in the future.

Key words: gas chromatography-flame ionization detection ( GC-FID) ; solid phase microex-
traction ( SPME ) ; pyrolysis temperature; pomelo peel biochar ( PPB); benzenes ( BTEX);
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FHEZ HAREE 1000 C, ## 4 h, Fifg=9F
1.0 mol/L R rh 4B 12 h D) F= B 2 i K43 ( ToHl
W) SRJE B 2l K R &2 p ik g 2 98 pH (E
AT, T 80 I IRALAS T A5 2] 2R
AR T B B eI
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BRI R 2 GO EFE T % 2 min,

2 HRGITE

2.1 HBEEMRERARIRIE
A TR XoF A 0 e S 1A S5 B L B BB A AR
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BURFLBURIEA T T RAF, A 1a FroR , MR35 FE praf

K5 0 AL 22106 23 0 A i, i i 26 @ T L L ()
IV 745 i 2, B i 2R R 45 2 9 PPB800
PPB1000 HA A fLAEPE, SAHXT K J140 T 0.05 ~
0. 35 JuE N, N, 7EAEW % BT | &4 v i BET J7
FEREIR B 2253 JZ MR 5 1 S AR X e 77 = 0. 40 B R
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B, BORUA T B R ITR (LR 4 R bk
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Fig. 1 (a) N, adsorption-desorption isotherms and
(b) pore size distribution curves of PPB800
and PPB1000
PPB800: pomelo peel biochar ( PPB) prepared at 800 pyroly-
sis temperature ; PPB1000: PPB prepared at 1000 pyrolysis tem-
perature.
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B SIEAT T RAF . L (WnE 2b) 7] LIE
o T AR A A5 A 0 e o % T S B HE R 0 R AR R
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LAY 4 75 5] A W 0 o 1) FLAEE 235 460 2 v K 77 400 A 47
ARG A — ST LAY 33 PT RE 2 i T AV I
B, AR UK TR0, FRTET 2540 3040 i A
PHmPTEL,
22 EEREHHRL
2.2.1 R

PG, B4R = GC BERE DAL, 7E GC
HFERR T SPME £F 4k 28 5% TR i AR T, iR 3]
IRATHT P il B R A R R, 7 %5 4% BTEX
[ )5 (80 ~ 145 C) , 13 & fift W B FE S 200 C
I3 HIAE 0.5.1.2.3 Al 4 min % ZEf# 0 i 7] %F BTEX
I AR A, ANE 3a i Bl A T (R] 3
B2 2 min, % BTEX A% 04 7 B W88 K, 11T 224 i
I R () 24k 25 18 it 0 T R S B/ N A R 34, X AT B
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] a { A _\54‘ y:
40 ;
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Transmittance / %
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15 ] —
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NI T
> DS e A ” €

I A o BT [ 3 I e R0 e AR AR T i sk, BT LA
2 min Ak J& BTEX 78 B 551 v o5k B8 19 e A i
W fA]
222 BT®RE

AR BT IR N2 0 ZEBUSCR AT SR e, —
KUt , BT A SRR H AR - W 05 A O
R ENHEKE RS IRZZ B0 25 SR,
FF iR A E A AR B ( DI-SPME ) |, i 38 B 171y
JART GE 23 BEAR A3 AT 0 A AL BUSOR | BB S 6 25 TR
FELFAEVR)Z MR T AR T A% BT, SCEe %58
T 1) 15 mL FE G A [F] BT i Y NaCl (%
i NaCl i 5 B 4 0~ 0. 20 mg/mL) B il 4%
Bk, g 3b Fros, A TR ) S th 2ok &
BB F I F AR A E, 6 FHAb HARY), 76
R NaCl B iR %k 0. 05 mg/mL ik
BRI, PRS00 e A BE B M) 15 mL A 5
PRI 0. 75 g NaCl, 45 A & % 0 NaCl i
R 4 0.05 mg/mL ,
223 ZFEECE E

SPME J& 3L HbRb A WIFERE S IR BT 2 2
SR TR IS By A 1 (Dral e 2 T ] 3
BUSHRAE 5 ~35 min Z [ HEAT, [RI0F 2 ] H AR 3t
Py i g T RR 55 AR ) G R 1B, R 3¢ s L 7E 15
~35 min N, 6 FlR 2 Py T AR G 24 S I K 1
P, BB SRR AR AL AN T 2R B T
fr BT S e R AT, BEAh, Y A (] A 20
min s, 7% J2 25 DR IR B/t K 9 1T 365 A FID 8K
PR i 2 A B A 36 4 20 min,
2.2.4 fHitkER

XJ T SPME , [ 75 £F 4 2 8 1 [R] %A i 2R A7 47
Sy R LIS S P ORI O e K PR E H 247 e i BT
i), SEEFEETAE 0~1 500 r/min Y8 P A4 $F

2 PPB1000 () (a) LI5MEiEEIFA (b c) A ERER

Fig. 2 (a) Fourier transform-infrared spectrum and (b, ¢) scanning electron microscope images of PPB1000
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Fig. 3 Effects of (a) desorption time, (b) ionic strength, (c) extraction time and

(d) stirring rate on the peak areas of benzenes ( BTEX)

B: benzene; T. toluene; E: ethylbenzene; m-X. m-xylene; p-X: p-xylene; 0-X: o-xylene.

JEXT BTEX W [ AR 52 e, an &l 3d Birw , Bl & i
PEBUEERAINZE 1250 r/min, 6 F BTEX 42 U ik
B AAA, YR B 1250 v/min B AESRE
ANRERSUE U, HCK P B o 1250 1/min,
23 FHEWIE

FEALA B ZE BRI 8385 25 14, % 1~ 100 png/L
JEFE N BTEX IR G AR ifER 1T SPME 525, Jf:
FH GC-FID #4743 M7 8 7% 48 07 2 i e MRS il )
FH(r*) Kk PR (LOD ) %51 RE 288, AH G455
THR 1, #dE 1A LR G, 78 1~100 wg/L
P, EEST B X 6 Ff BTEX 249 58 90 BL 47 o 2
KFR(1r=0.9919), 4 BTEX A LOD 7 0. 004 ~
0.032 wg/L Z ], 1% 7k vl i 2 5 [ PR R 4 8 0
FERIRH K o BTEX fi i FR = ORI R, AT
E— 1748 PPB1000 FYAEHEE 1, 4 H 5 7 S AL Uk
SRR Z AR RS (7 pm) HEAT T IO, Hi 18 4 FT LA
HH S 7 H A 45 A AR BTEX 19 B 71 B
BT R R IR R FEBCR AN R LR E R
FEREESE (T wm) 9 2. 9~18.3 1%, J& SPME 1 — 7
A T34 1 W B AL L

F1 BYFENEECE KGHRFERBURBEEE

Table 1 Linear ranges, limits of detection (LODs),
determination coefficients (r?), and preci-
sions of the proposed method

Linear LOD/ RSDs/%
Analyte  range/ 7’ Intra-batch Inter-batch
(we/n) MY (n=6)  (n=5)
B 1-100 0.032  0.9952 5.20 4.75
T 1-100  0.023  0.9948 1.04 1.03
E 1-100 0.020  0.9919 6.56 6.95
m-X+p-X 1-100 0.005  0.9975 5.76 12.42
0-X 1-100  0.004 0.9952 6.01 9.29

24 EEWMBEMN

#t SPME HARALE 23 Bt Ak 2% v i 52 B g FH T 75
AHCEE M RE E AR E M R R EE NS, [
[l —#2 SPME ZF 4t 7¥ fie {0 55 40 55 18 B 3% 22317 6
WHEBUR IR 2 BRI B T, gk 1 fr
INVZTERA R EE M (RSD<6.56%) . It
A A FH IR U il 45 (4 A 7 Bz A 1 e IR A Al 4%
T 5 # SPME R4 175050, 45 K W 6 F BTEX
) RSD ¥4 <12. 42% , A It 52 58 1 £ 9 SPME £F 4
AT DARIE SE 56 45 5 1 T 1

% 5T a4 A sol-gel R A P Ak 2 B i
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L1 PDMS coating
3 PPB1000 coating
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=
|

=]
W
|

et

B T

J_‘ | —
E m-X+p-X 0-X

E 4 PPB1000 REER_AEBESKEMNERY
ERMEMLLR
Fig. 4 Comparison of extraction efficiencies of benzenes
between PPB1000 coating and polydimethylsilox-
ane (PDMS) coating

DL RN 2 S LR BE | 7E 2 AR U R S
TRIZBA R A B IR RN 7% IR 4, 3R B 4%
i) PPB1000 1475 ) SPME 474k HA R RE EPE
2.5 KBREES(GAIIK) Rl

LA HT L BR KRR (K ) YR BTEX, P4
T ST ik A R RN S BRI A, A SERRIRTK
FE i HP R T A T 2K (4. 80 pg/L) 4B —H
Z5(3.00 wg/L) FXF —HI 28 8] —HI 28 (2. 46 pg/L)
(UWLIE 5) , SFEBRRAE R 2R & AR T A 7 ik
IR BR , BE AN, 2% 88T K H S [ bR AKE T
BTEX B9[S, DIz s A 7 ik T SE 4, |
T2 LIF kR KA 5.50,100 pg/L Tk
FESY, BICRAE 75. 7% ~ 117. 6% LI . Lh B Sese
SE IR a0 40 B 7 1 A R IR | i
TR KA BTEX ) H & Wi

T 2000

¢/ min

5 (a)PPB1000 %2, (b) = BAKHE R ( c) MARAK
(50 pg/L) EILE
Fig. 5 Chromatograms of (a) PPB1000 coating, (b) blank
river water sample and (c¢) spiked (50 pg/L) river
water sample
1. B; 2. T; 3. T; 4. m-X+p-X; 5. 0-X.

R 2 6 FIERYIEAKER P AYINARE KR
Table 2 Recoveries of the six benzenes spiked
in river water samples

Recoveries/%
Analyte Content/ ( ng/L)
5pg/L 50 pg/L 100 pg/L

B - 98.8 111.9 87.4

T - 76.5 107.1 117.6

E 4.80 90.9 99.5 108.0
m-X+p-X 2.46 100.1 109.6 111.6
0-X 3.00 75.7 105.4 94.2

—. not detected.
3 #Hig

AR SCE S Ul T B Sk SRR & T AR Wk T
PPB1000 , ¥ HAFE Ay 4 M 57, 34— 238 1 sol-gel
2 B HLAB A TR B AR S 22 B 1 B SPME
G4k, —5 GC-FID MZ5 &I % ZEBUR 408 4
PEEA AL #E N7 T HA M B | R A = 4
Mok . 1207 3 OSBRI ZCRE ff b RS AS H T
CFEIE XTI ] R AR WK L b
EATEGZ MR 45 Bt s 23l 47, A
A 14 2K BESL o 2 Fh BTEX A9 43 B AG T
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