Advances in Environmental Protection FFiE{R47 RTHS, 2021, 11(2), 391-401 Hans )0
Published Online April 2021 in Hans. http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2021.112043

— bk ik B 38R E S B R RV AT
AR F5 % M GC-MSH %

BAER, It k& BRRA O, keE°

U RA(E ) AR A, 2R AR
PBRHINY:, MBS TR, W AR
SERTM RS, BFESHETREER, ZH &I
Email: zhangxx5@grgtest.com

Weks H . 2021463 H21H; FHEM: 20214F4H23H; &k HM: 20214F4H30H

i E

BT KA K 35 /TR T BB SR R (LABS) U RT AL BRI E BT i 5 vk KARRE 2 GF /F4T 4
FEEUE/E, BEE1.0 L/KEEFE MR Bl = & P (100 mL)BEBEM =K, &HFFENMW. 13/
BPYRERZERRTE, FRE10.0 g FBERBAERE L, SR, BAEIRRIERBHER
W, EABHNENRFINAS0 mL=& FHeE7A], #H60 min, #HEE60 min, A5 [EUL10 min, 58RREL,
IERBGR . LR 15 2 B ARE REEUBURT 338 / DA M i 3R B 3538 3 TE /K B R A ok 25 B BV H PRI 7K 47
RIBERERRMNFIREZEL mLjG, MASTEIECK(10 mL), TE#EF, FERKFEZEL1.0 mL, RS
WO N2 R1.0 cmIEFE3.0 gRERR(100~200 B) 5 0.5 g To/K BB EMTAE, 3ENA25 mLIE C5eitkik,
WEMERE, REFEAZELOmL, BISHAIE - JTiL(GC-MS)ERB FIMMEEE.

Xiid
HEERERE, 2ThHEY, s, SEal - ik

A Pretreatment Method and GC-MS Method
for Linear Alkylbenzene in Water and
Soil/Sediment

Xixi Zhang?, Jizhong Wang!2, Di Zhang!, Guifeng Huang!, Jing Zou}, Xitao Zhang3

'Hefei GRG Metrology & Test Co., Ltd., Hefei Anhui

2College of Environmental and Energy Engineering, Anhui University of Architecture, Hefei Anhui
*College of Resources and Environmental Engineering, Hefei University of Technology, Hefei Anhui
Email: zhangxx5@grgtest.com

Received: Mar. 21%, 2021; accepted: Apr. 23", 2021; published: Apr. 30", 2021

XESIH: sk, E4k, skil, TR, AL, SKBIE. — PR R B 3/ DR b B B A R I R AL 3 v
GC-MS J5iE[)]. BREER4PRTHY, 2021, 11(2): 391-401. DOI: 10.12677/aep.2021.112043


http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2021.112043
https://doi.org/10.12677/aep.2021.112043
http://www.hanspub.org

IKIE R %

Abstract

A method of pretreatment and quantitative analysis of linear alkylbenzenes (LABs) in water and
soil sediments was developed. Water samples were filtered by GF/F fiber membrane, the 1.0 L fil-
tered water sample was extracted three times by dichloromethane (100 mL) in a separatory fun-
nel, and then the extraction fluid was combined. After the soil sediment sample is naturally air
dried, place 10.0 g sample on the fiberglass membrane, wrap it and place it in the sleeve of the
Soxhlet extractor. Add 80 mL dichloromethane to a stainless steel measuring cup. After it boils for
60 minutes, wash it for 60 minutes. Then after we recycle the solvent for 10 minutes, the extrac-
tion is completed. The extract can be collected. Both the obtained water sample extract and the
soil sediment sample extract are removed water by anhydrous sodium sulfate. The solution was
then concentrated to 1 mL in Rotary evaporator, then an excess of 10 mL of n-hexane was added,
the solvent was exchanged, and the concentration was again reduced to 1.0 mL, the concentrated
solution was filled with 3.0 g Silica Gel (100~200 Mesh) and 0.5 g anhydrous sodium sulfate
through a column with an internal diameter of 1.0 cm, and 25 mL n-hexane was added to the col-
umn. After collecting the eluent, it was concentrated and fixed to 1.0 mL; ion external standard
method was selected and quantified by gas chromatography-mass spectrometry (GC-MS).
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1. 5|15

1Tk &R (molecular markers) XK A “ 4Tk B2 ERER” (molecular process probes), Z 8 AT H REFEML
B I Yy s BRI R A WL T, T DA G ARR A AR IR S A AL
R R B R, AOCEH TBAGEE . WK IR SR U AL . S SRRSO
IR B HERAE 2 05 NS R 1) 5 R SSRGS e A 9T, 10 ELN RS ML ER AL 240 Fe 44t 7 S i
BB, fESHIR M)A B AR . PREE B A s i DA N AT A RS T R s )
MM AT . HEl, 2 TFRENMECLfamnkE, CasoaE IR EFATH T THEaE
WIS IR LR IATE I — FREEFR A R o

B e 3 %K (Linear alkylbenzenes, LABs)f& T b4 B BH 8512 i 57 BEIR bt 2 B R 35 (linear al-
kylbenzene sulfonates, &% LAS)FEAENE 1), (BIEA RS FE oA 370 R I FEIR b d SRR
P LAS H[1] [2]. LAS Y318 H S B8 IS IO AL BRFE LABS i N /K AR 855

LABs i LLEE &S 10~14 AN IE KRR EE T — AN SR TR L BUR e R AT A, SR IEEUR AL
BIAFMRARIIFERY), SREREER, FEHT TG KR b R R 2 (LAS)——H 1960 4
PUE T2 A8 BT B 0 A £ 28 [1] [2]. B TEA U R LAS BBl h /> 21 LABs 5%
B, DAb, LABS 25 12 8L P R i A FH 2 B s (i Ak B M ik KR8 . S5k, LABs W] LLFAEFE 7~ R U5
T RATG /KBTS G 0 A5 7 Fhn 64, 0 B VE vt R T BRI 7 T BUE E HE H 7K s Hh o ) Bl
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Figure 1. The reaction process of synthesizing linear alkylbenzene sodium sulfonate from linear
alkylbenzene

Bl 1. BifkEXE R ESRERRRINN R MIE

EMKVER LTS G RV & HL B 5 Rt A2 . B A 1983 4F B IREM B KB LABs IAFAE, FFHEH
HAE N AR SV AT REVE LR, LABS MUE 4 I 5L VF 2 3 X4 2 s 3R 58 70 1 hn 5, T LA
FNFEE BN G5 Y 2 (A A R AE 3]

H AR LABs (73T 753k AR A RAE, SUF BIJE DR TRIART I, A ZER XAD IR B -
Z R ENTHE AL - SR EIE FUE S TE4], %757 XAD MR 5, Ho T95E, HARYIBRK,
RIS R A DUESR . RIS AR AR - B2 BRI T 14k, STEAP R i HLE A 7 &
Ko STHRARIE A T2 BP0 T3 B — UM i il 8 7K b s AR A B 2R ) 5 &[5, & & TR T
FIBEREIR AT, AEE TACIERZEIIE ., +—hedkoR . + e, H=hedbk,

RN, BT LABs Bi/KPESR, 5 TW AL LSRRI, PRI, L3t oyt 3
RN IO B /KEB B BN BRI K IR h & B0k LABs. H AT+
SRR LABs I 7 ik R A dite, DU AR T RHAWE T, 5 ER AT DU 77 A B B
- ZIRENTEAE - S EIE B A HTIEAL6] . 207 IR AR R A% B B, (XS IRIE R R, B
BAR S, BT R R SR NEATRRL SIS AR R, RIS S S A LB S R U AR
dt, [ PR AL - AR 2 2 ENTAE 5 B ATk, SETe AR S 2 LA R R, HLRloes
At TKIESE[TME I SER IO A AR fhdb AT 152G SR (804 72 h, FERE, A&+
KA EFE ST -
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AT FUAE I X AR A AN SR GO it b B R S IR A R AR BT I AT U4, S ST — P ARG AR
THFER IS T/ M S 3T b LABs i AL B 75 V2 A0 25 8 B 7

2. L ¥
2.1 (UBEHHE

IYHTANES: 7890B-5977B A itk i ek AX (3E [ Agilent A F]).

TIRITRA IR SR AS . ST255 4 H 3 2R K i 21 (15 5 FOSS).

Bi%FE: HP-5MS, 30 m x 0.25 pm x 0.25 mm.

PRUEEW: Z8HIE, sk, + sk, = e IR (4l 4 ) 99.8%- 99.2%. 99.3%. 99.5%,
N 100 mg), TTEFIEAEY R, AccuStandard.

IEC%E, HPLC, CNW.

&M %E, HPLC, CNW.

ToKIREREN, fighal, 24, 400°CHE4h L E

PR 4ERE, FL4% 0.7 um, 400°CHE4h L L.

WA YEPENE, EAT 110 mm, fL4% 0.45 pm, 400°CHE4h DL |,

100~200 H#E /= HEER, ¥

100~200 H#: /=4 H AR, k.

ik Jo R Hp v SR A ER S R AR PR PR A U 3 IS, FEA R AR TSR 3 Ik, BRI TS TE
HEFE B UL 180°CHERE 24 /NI, A2 G B ERAT

IKARFE R B SR .
2.2. BARECH

FHIE C e 4 Fh BUBE be 56 R bR vBE i VR A e i B 10,000 mg/L VR A ARGk #5700, BB bR id 2, T
HIFRUE R LR RN, & HIREE2r %8 5. 50, 100, 500, 1000. 5000 pg/L. i GC-MS 23 #{d .

2.3. HEETIELE

231 HRAEWNSHEN

1) KEERIZRE

FAFLAZE N 0.7 um B8RRI S8 /KR, it B2 I B 5 7515 i Bt 98, B I (0 /K R A T VAR B
FH 1.0 L (93 8K REIIN 200 2, B 100 mL & F KA L, FREE 5 min, BE 3min 5, IWET
R, BEEREFULE 3K, AIFERGR.

2) LTI R R ER

¥ LIEIDURIRE B TG s FL A, B, . A TERY. AARKXTERRI 100 g
JRERES, BERRIGIRE S BLA% 110 mm, FL4% 0.45 pm B4 AL SRR, TR\ A 3 &R HREUEE
ERN, EAHHEMFIAN 80 mL & HFEEHER, #HE 60 min, #YE 60 min, FEFIFENL 10 min, 5EMK
PRE, WA -
2.3.2. ZERERRGE SBT3

Y USCEE B (1 AL G -5 42 U P e 2R R ASGREA TR 4, 15 5 IR BE AR T 35°C, ¥ A F7>260 Pa.
MWRAEE 2 mL A, I 10 mL IE Qe BT VAT B e, dREEIRAEE L) 1.0 mL.
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23.3. &k

BIRAE MR B RE . Wbkl 3 g BER & 0.5 g To/KBRERANIH 78, B6#0T, F 20 mL 1E Skl s
VA . SRE IR e, R 2 mL IECGEEEE 3 K, SN 25 mL 1F Ckeitke i b b,
SRR
234 RESER

S IR U R RO 0 BRI ZRIR 8 1D BRI AT IR AR, R IECRERgE e A% 1.0 mL, #EZE
B, EHLARI.

24. UB/AHEER

SN SE

BEREIIRE : 290°C, Aorift.

AR 1.0uL, FERE: 1.2 mL/min.

FEiR: 80°CH£#F 0 min; LA 10°C/min #ETFF4E 160°C, f#£F 0 min; LL 3°C/min #F T+ 210°C, 1F
FF Omin; LA 10°C/min 3 JH % 290°C, fR%F 0 min.

Jo B 2% A

BRI 230°C;

PR 280°C;

PUZRAT#E: 1507C;

AR R AR (SIM) B

ERITA: SR,

3. &BR5WiL
3.1 BSLI KRR

3.1.1. AAEFT SRR

FAE R T L KBRS, B L L VRVREEEL, IRAE G BT, R T
3.0 g FER K 0.5 g T/AKBRERANIESS, F 25 mL IE ekt ZHrE:, WERGEER, BT,

FAER T R 2: KRR, B0 L L OBOREEEL, R4 Gl 2T AT, A 7 77 O
1.5 g EM4R. 6 g fEl 2 0.5 g /KB ENETS, A 15 mL IECREEM Mt 32, A 15 mL IE ik
WG, R, XERAHT.

Iy S BRAE SN bR SRS, A5 EIR: POHEAE TR 1 BT RAS RS IOR . PR T bk
A = B L R 2 51 (76.5% + 4.2%), (81.4% + 3.5%), (90.2% + 2.9%), (101.0% =* 4.4%), i %
R 7 77 30 2 Fr3RA310 4 i LABs BRI 53 7128 (53.2% + 8.0%), (56.8% + 7.5%), (57.4% + 7.9%)
H1(60.9% + 11.7%) (1] 2), FAAEdE 7R 77 2 1 Bk A5 i) (Rl 6 32 i T A 7877 2 2 (p < 0.05) . HLlL
AT, B E R K 2, EEEE R T A0 1 MU EUP IR R, R G R, WA FIFIFEM, [FRT
B A 1 SO

DRI T fp 28 SE B0 R BRI 7 77 208 3.0 g FiEfi S 0.5 g oK BRBRENIF 72
3.1.2. BT RAR W

N TR FR S8 26 1R, FEDRUE SR I I NSO T T, Be T 2omkieiasn, LiRE T 4 4
ENEIRLSAY S i
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Figure 2. Comparison of the effect of purification column packing method 1
and purification column packing method 2

2. BUHERAR 1 5RUAEETAR 2 YRR

J7% 1: 1mL IEC ke 2 1000 ppb MIFRAER R # 2 3.0 g FEIREMTHE T, WhBe &R : S 5
mL IECRe e ENTAE, JFF8 2 JEIN 5 mL IE bk, WA S 1; B 5 mL 1E S keibkvt, 1k
M5 2, HIMN S mL IECkebkde, WERA S 3. W4 EALIIE .

J7% 2: 1mL IEC e 1000 ppb FIFRER R 2 3.0 g fERZTAE S, TN 5 mL IE 2tk
WEEZH 2 15 JE N 15 mL iE CUbeitkst, B Sr 2; BN S mL 1E ke, UEEH 7y 3. W4 LALINE .

Ji% 3: 1mL IE ke 7 1000 ppb MIARHEEEEFE 2 3.0 g RERRZMTHEH, T 25 mL 1E Cbeitkie,
WELH 7y 15 JE N 5 mL IE Cleibkse, WALy 2. k48 EHLINGE .

Jr%E 4: LmL IE Sy E 1000 ppb MIFRHEE L2 2 3.0 g BERJZHTHEH, II 30 mL 1E CkEikik,
WAL 1; BN 5 mL IE Ckemkit, W47 2, BN SmL Ec ks, B4 3, K4 EHLIE .

120 120

BAE i et — 1
— == 452 = 4142
90 A = 4153
60 60
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w0 0
& 120 " 20— —
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— H452 = 43
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HER1 FTE2 TR R4 TER1 HER2 TR R4

Figure 3. The recovery rate of different linear alkylbenzenes under elution
conditions in silica gel chromatography column
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I 3 ATRAE . L PSR 5 mL EATEE, JEFE L, S SEUEICRIRK, VOR LABs [ EI
FHEIRT 60%, FULHTT 5 mL WG & — € &1 LABs. J7% 2 1, BT 5 mL R IRE, 28
TSR 15 mL BIE CREVE IR, P4 A B IR ST LA B 90% LA b, N 5 mL IE ke
Wk, RIFEE =5y, HEAN LABs A5 & BN 3% A4 . RS SSIBIMAERIA R % 3 M 4),
LS R IEAARRFE 80%~90% 2 7], IR, HEIMAGEHARL, (AR LOUF BRI, TR ikt
AR, WRARRT RN, F805 R R K.

D] I 5 4R R VA AR AR I 25 mL IE bt
32. ZAREREHE T
3.2.1. IKEEZERMIR

HU— 2R Ati05 K 3 ABOKARFE S 2 V206 128 AR SE 56, 2% AR 9 1000 ppb. Jdid 1 5256 77 i
BIRATIEIE . AR WRAE . b IRAEE BRI T 4 S FSRIRAT 3 RS AR S 45
LU

0.6

0.5 A

0.4 A

0.3 A
0.2 1 l w’
0.1 A

0.0

¥ 913K B (ppb)

EEAE S Tk EE T TRER FERER

Figure 4. The detection results of LABs of 4 blank samples
4.4 %= BHEmEY LABs I 4R R

4 A R PR LABs, A28 EIR . H—l iR+ S B RN = e B OR e AR FE 43
401+0.1, 0.1+£0.1, 02+0.2 f10.3+0.2 ppb (5] 4), Mt T AL IFE L2 AL, SIN B R
SRED NG S SERRRE A R o A R

ZEIARSEIR A R o, 3 REEFEMHPREIR, TR, SRR =R 1 R R
73 H°N(89.0% + 14.2%), (94.0% + 14.7%), (90.7% * 14.5%)F1(96.3% = 15.2%) (/4 5). HIsLAI WL, AJ5ik
X H bRy e R SOScR By, BEAR G b AL ER /KA BE i LABs FIALEF AL RT3 H o

3.2.2. XM= B RMER

WA St 73 A L SR R ORR ) 2 1 SR8 R 2 AR S5y, 2 1 N &4 1000 ppb. I 1 SEEG T
PRHHTHRE. IRYE . i IRGEE B AR AT 3 IR A (A SEI AN 13 IR A A IR Se e £ A

3 RS IR tH LABs, FirrZ8BOR . bR, b R R = IR A tH A FE 4 il
N48+1.2, 3.3+04, 20+0.2 f13.5+0.4 ppb (] 6), BT AL FE ALK 2 AR, 5INEIHFR
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Figure 5. The recovery rate of blank spiked LABs
5. ZEEAMARFES LABs B EILE

Ky B (ppb)
N w N (4] ()] ~

BHEFE  FmEXR T TREER HERER

Figure 6. LABs detection results of 3 blank samples
6.3 R AHMAT LABs HI 4R

TSR, N JE SRR A K A AT R AR RE T

EMBRSEIR S R TR, 13 IREEFEM PSR, P, T IR = A R
39 M(79.1% + 13.3%), (83.5% + 13.4%), (89.0% + 17.2%)F1(108.7% + 32.2%) (] 7). HULA] W, AJ7i2:
X H bR G IO R AT, BRAR It b 22 38R i b LABS B4R ER AL AN 37 o

140 -
120

100 -
80 -
60 -
40 -
20 -
0 - : T .

BEE  RER FOREER HERER

Bl L% (%)

Figure 7. The recovery rate of blank spiked LABs
7. ZEEMIREER LABs Y EIHE
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3.3. HREHERERESH

RS BRKAERE SR OINFR 256, kRN 1000 ppb, S5 EIR: SEPRFES PTG MIZS AL, -kt
FI A e R IR =R R ) N (76.5% + 4.2%), (81.4% + 3.5%), (90.2% + 2.9%), (101.0% +
4.4%) (141 8).

120 -

100 -
.|_

60 -

1% (%)

40 -

0 T T T 1
BHER R Tt S g S i g B %S

Figure 8. The recovery rate of LABs of water sample spiked sample

8. IKFEMFRHESH LABs R EIUER

FRER 52 B L 3R S 3E AT bR 5286, ARy 1000 ppb. it 1 286 7k BT HREL . WRk4E. 151k,
WA B BRI, ERWNT . LFEIFRRR S RER, 6 REEAEMPREIER, —kix, +2
ot AN = e EE R I [ R 4 BN (85.7% + 11.2%), (89.4% + 17.9%), (91.7% = 23.1%)F1(99.5% +
38.1%) (14 9).

120.0 -

100.0 -
80.0 -
60.0 -
40.0 -
20.0

0.0

+— ﬁ%iﬁ += ﬁ%iﬁ T =R

Figure 9. Recovery rate of LABs in soil spiked samples

9. TIEMFRHESH LABs B EIUER

HIMERT I, AT H ARG AW B SORR BhE, BEAR Bt A BEK AR RE i A ST LABs (1)
&iiﬂ%ﬁc%ﬂﬁ\ffﬁo
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34. BmEEMS

BUSEBRoKAE, 4208 1 SEI AT AnAb B, HEAT 3 IRE S SLNG, R MIAR I SERRIT K KA
PUFP LABSs FI9E 437 0.99 + 0.22 ng/L, 1.31+0.30 ng/L, 1.49 +0.13 ng/L #13.31 + 0.64 ng/L, #XIhx
TR Z 53 79N 22.5%, 22.6%, 8.8%7i1 19.5% (/4] 10).

5

N
1

w
I

N
I

K AR i = IR SR B (ng/L)

N
-
1

=

0 T T T T
BRI QP e =R

Figure 10. The concentration and relative standard deviation of LABs in 3
replicate samples of actual river water

B 10. SeBRiA7k 3 MEEHMT LABs HIRE SHEXRERE

BB RE i, 08 1 Ses oy b IR T AT AN, 3T 3 IRE RS, AR WA RSLhRt
e PURD LABs HIUE 2> 94 1.33 £ 0.47 pg/kg, 1.06 + 0.14 pg/kg, 0.79 + 0.24 pg/kg Al 7.30 + 2.69 ug/kg,
FHXS AR AER 2250 3N 17.7%, 6.5%, 15.4%F01 18.5% (/] 11).

N W A~ OO N O ©
|

SEBR R 5 3R B F K BE (Ha/kg)

B B s

BHK R %3 TIoEEE ERER

Figure 11. The concentration and relative standard deviation of LABs in 3
replicate samples of actual river water
11. SEFRAIZK 3 NEEHMTF LABs KUK E SHEMIRERE

HIRT I, ATHER T Sebate dh Bt BT B E R .
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4. #hig

LKA b 3R LABS (BT BN AR 8 B71%, AL 1 — R DLBORACE - R AL -

AU EE FTNEE B TE, TR T KRS LABs (g & 0T, AaH SR RRTh iR AGR I - rERas

b - SR T E B 77T DU T R DTR Y LABs e S48, A T 58 BT ARE R 4 4 772
ME, MUERS T8, HATLER, HRRCRE, &6 T Sbr o Bl 8ok & A 3
YIRE s AT

SEEk

[11 %, EOoH, (NI BRI RITT S FEIE O S 0], MR, 2016, 37(1): 262-269.

[21 K&E, FRAE, RER, Brbrte, 2R00EE. & e RE R AR PR AU ] A R A AL SRR R 5T TL. [ AR A A )5
FRELBEE I T2 4 sSes i 2 [9]. A ifk L, 2002, 13(12): 970-972.

[3] Bayona, J.M., Chalaux, N., Dachs, J., Maldonado, C., Venkatesan, M.l. and Albaiges, J. (1996) Use of Trialkylamines
as a Marker of Sewage Addition into the Marine Environment. In: Eganhouse, R.P., Ed., Molecular Markers in Envi-
ronmental Geochemistry ACS Symposium Series, American Chemical Society, 261-275.
https://doi.org/10.1021/bk-1997-0671.ch017

[4] RZRI. BB M S o T iR S TENG RIS P (R B 7 [D]: [ L3 ). oM i ERE
BT 3Rk Ak 22 AT 5T T, 2008.

[6] TiEmz, AHFAT. T02 EIB T T B SOM ik e 7K AR A S ORI & 0] B 25 RER 2% 24, 2007,
38(4): 336-339.

[6] #ade. T = F i B B bE R A AR RFAE T AL [D]: [t 22 h0ie 50]. &0 B K, 2009,

[71 ki, TAEMR, 857, TKH, Thedg, TR, K EBE IR K H 7 M A B BRI 7 R i BR b 22 3 X [3]. U

AR, 2017, 35(4): 843-852.
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