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Determination of Polycyclic Aromatic Hydrocarbons in Lubricating
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Abstract: A method for rapid determination of 16 polycyclic aromatic hydrocarbons in lubricating oil
was established based on gas purge microsyringe extraction (GP-MSE) device. The sample was fully
evaporated at a constant temperature of 280 °C, and then transferred to =10 ‘C dichloromethane using
N, as a carrier gas for low—temperature capture. After the extraction solution was made to volume,
gas chromatography-mass spectrometry analysis was performed, and an external standard method was
adopted for quantitative analysis. The results indicated that 16 PAHs had a good linear relationship
within the mass concentration range of 0. 1 mg/L to 50. 0 mg/L, with the correlation coefficients (r*)
exceeding 0. 999. The detection limits and quantitation limits of 16 PAHs were 0. 014-0. 035 mg/kg
and 0. 046-0. 116 mg/kg, respectively. The average recoveries of 16 PAHs at three spiked levels in
different sample matrices ranged from 81. 2% to 98. 6%, with relative standard deviations(RSDs, n=
6) of 1. 6% to 7. 9%. The method is quick, easy, accurate and sensitive, which is suitable for deter-
mination of PAHs in lubricating oil.
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oAl 1. microsyringe; 2. extraction solvent; 3. cold trap device;

16 A PAHS A BRI : 28 (Nap) A (Acy) 10y 3 o s 0 s T
JE(Ace) . Zi(Flu). JE(Phe). B(Ant). PEBI(FluA) . & twbe; 11, heating system; 12. sample( 1. 5652
(Pyr), %FE[al#(BaA) . I (Chr), HFE[b]ZERI(BbF), > FHEA: 3 R, 4 Bh2L; 5 BURERTEL,

6. TN, 7. B 8. VISR 9. AL
FFF[kJPER(BKF) . ZEIHE[alFE(BaP) . K FF[a, h]E 10. FHR; 11 MFARSE; 12, Fhsh)
(DBahA) . #3f[g, h, ildE(BghiP) &EiFF[1, 2, 3-¢, d]
E(InP), TEFEIRE A2 000 mg/L; PTAHRH( AR, ECkE. W, CHES) Y A E ek,
SEISFE A TR &SI . ROV . DIENI . U4t DL SR T 5
1.2 tRETIEAR

FREUT 5 PAHs TR A PREIE, DL S H e A 7L 1 B 100 me/L I bRUEERE 25787, T 0~4 CHE
A7 H . BUE EhRESE &, H & B2 B H80. 1. 0.5, 1.0, 5.0, 10. 0 mg/L &) RFbRifE
TAERW
1.3 XW&KH
1.3.1 @IELMHE {45 DB-5MS(30 mx0.25 mm, 0.25 pm); S maig/ (4iEE=99.999%) ,
P 1.0 mL/min; BEFELIIREE: 280 °C, MFFE: BkOPASIE; FHEFRF : 1AL 40 “CAARE 3 min,
P10 °C/min FHELZE 190 °C, LLS “C/min FHRZFE 210 °C, FHLL3 C/min FHRE 240 °C, HJGLLS C/min FHE
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300 C, PRFF3 min,
1.3.2 FRIEEHE WTHHEDE, WTRERT0eV; B TURRE: 230 °C; PIMRIFRE: 150 °C; Ji
PEREIIEEE: 230 °C; FULHITER . 35~450 amu; R AT (Scan) EPE, RS T WA
(SIM)E &, WHAIIER: 5 min, 16 PRI REMEME EE T ILEL,

F£1  16F B RNEEMENET

Table 1  Quantitative and qualitative ion information of 16 PAHs

No. Compound CAS No. Retention time/min Qualitative ion(m/z) Quantitative ion(m/z)
1 Nap 91-20-3 10. 86 127, 128, 129 128
2 Acy 208-96-8 14. 60 151, 152, 153 152
3 Ace 83-32-9 15. 05 151, 152, 153 153
4 Flu 86-73-7 16.25 165, 166, 167 166
5 Phe 85-01-8 18.49 176, 178, 179 178
6 Ant 120-12-7 18. 60 176, 178, 179 178
7 FluA 206-44-0 21.97 101, 202, 203 202
8 Pyr 129-00-0 22.68 101, 202, 203 202
9 BaA 56-55-3 27.56 226, 228, 229 228
10 Chr 218-01-9 27.76 226, 228, 229 228
11 BbF 205-99-2 33.96 126, 252, 253 252
12 BkF 207-08-9 34. 14 126, 252, 253 252
13 BaP 50-32-8 35.76 126, 252, 253 252
14 InP 193-39-5 41.98 138, 227, 276 276
15 DBahA 53-70-3 42.26 136, 278, 279 278
16 BghiP 191-24-2 43.03 138, 276, 277 276

1.4 HFmBribiE

A BEAE S B IE FE BEEEAT BRI S0 mg IAE CREBA 2 0. 1 mg) BN, 4500 kS ih 23 &
PRI A, T ZE B T RR R @ v BERE B 500 pL ST R E NG SRR St B ORER SR I
FIZERR TR . SBAN,, JIA 100 pL 50 b k2, TINPIEEE 280 °C . ¥R E-10 CRIN, JK
B 2 mL/min 254 FAEEL2 mine, ZKEEEHE, RBURESTES, ARG AP ERZ0. 5 mL,
FEE o

[ Dichloromethane [lln-Hexane [l Acetone Il Acetonitrile

2 HR5E "
2.1 B IEEEMRL 801 ! g

2.1.1 ZEBUAN  PAHs SRS T K 5iE TAHLE,
VLA RRRE , 43 ARG R E A RO IR G )4 M P 28
KPRl PR e A BE AR I K o BT T 401
Z, BHET M. W, IECke R A B4 FE L
FRHIE T b 16 TP PAHs B ZBOLER . W 2B7R, Al
BRI A BOICRAAEZE S, Hop QIS A BUL R F I, 0

60

Recovery/%

204

SE R, PIENTR IR BTl S ST SIS
N PAHs
86. 8%, WCIEFE S WLV E A AR S ,
6, W {E . o AR i B2 SR
2.1.2 EBURE 0% % 7 ARUREE N 220, 240, Fig. 2 The influence of extracting solvents

260, 280. 300. 320 ‘CH}X} 16 ff PAHs A B ZR 1) 5201

LR IR, 1E220~320 “CYEEIY, 16 PAHSs (1) AU fil 45 A HUR B 0 FH i3 e TH R R 3. 1
L, B ER . JE. 1. FE. B KB EEMEPGLER T 280 CikBlm ., FHaB . H . S
[b]PEB . FIE[KIRE ., HIF[a . BiJtl1, 2, 3-c, dIEE. ZFTF(a, h]B, #Ifle, h, iJJERYEE
BT 300 CikRmmEE . DRFARER T, 280 CRYZHUME (87. 3%) K300 'C(86.8%), Zify
JEERE 280 “CHE AT E .

2.1.3 ZEEUBTIE g PABBIEA 1, 20 3. 4. 5 min WX 16 Fh PAHs ARG R0, 455
W, AEBUNTEA | min i, ARBZCRH ML, JCHZFIFb PR IRk R, ZKIF[altE. B
JEl1, 2, 3-c, dJEE. Z3TFla, h]EHZFEIELg, h, iJJEMABCRY/NT 50%, 4R TE A 2 min
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BF, ZEBUSCRIBENH A ZKBUHEIRT 2 min DL_ERY, RBCECERE PR, XnlEERH T 250
FIBBEES P AEARFERERIES, N SSECR TR, KL, E52 min {2

2.1.4 \|ERE EHETAUREL, 2. 3. 4, 4.5 mL/min) % 16 7 PAHs BRI S0, 2550 0
N, TN 1 mL/min B, ZEBOSCRMAR; FHEN E 2~4 mL/min B, KPR KT 80% HIGHH . 7%
55 I E 4S5 mL/min, PSRN R FREES. B8R

T 2 S EUTAY B AR S OB S R 8y »
WA, RREAAGERE, SRR TR BRI | el
LSBT HFR LAY R RER T E 4, G -
Sk, WEEEETE, PIRRREQE gL, 2 B
TR, WG, P, ERERTOE 22 e I T
TALE 1 R 52 2 5 S AR . SR U DBalA
BWERIHE A 2 mL/min, 5 is Tzi'ip/min 35 45

16 ERAAL S0 T, 165 PAHS B 24 85 T3 £, 4 A,
DL 3. Fig.3 Total ion chromatogram of 16 PAHs

2.2 FAEWIE
2.2.1 ZMEE. WHRMEE TR SRR ZbRE TOEF R TIR, DL 16 Fh PAHs BBt Sk
JE KRR, AR A PN bRZ bR N 2 . AR 3 550 EE (S/V=3) Al 10 {5 MR (S/N=10) %3
AT RS R (LOD ) FllE 2 FRR(LOQ) . HEE 27T UL, 167 PAHSTE0. 1~50. 0 mg/L Jit 2K BEE
WEM R RRIF, HRREG) KT 0.999, KithFRFIE & TR 5514 0. 014~0. 035 mg/kg F10. 046~
0. 116 mg/kg, ARifE SN/T 4943-2017" V" 57RJF ik kAT G . JrikFEREHEE, B, HLoQL
AJ7E LOQHEIT, KA T k5 ik BIbRIEER
2 16T PAHs ARIESE R | A URIE B FRR

Table 2 The linear relations, LODs and LOQs of 16 PAHs

Correlation coefficient SN/T 4943-2017

Compound Linear range/(mg-L™") Linear equation ) LOD/(mg-kg™) LOQ/(mg-kg™") LOQ/(mg-ke™)
Nap 0.1~50.0 y=6 816. 65—3 862 0.999 5 0. 026 0. 086 0.10
Acy 0.1~50.0 y=16 493x+913. 7 0.999 8 0.035 0.116 0.16
Ace 0.1~50.0 y=11 189x-40. 28 0.999 9 0. 027 0. 089 0. 16
Flu 0.1~50.0 y=11270x-861.0 0.999 9 0.024 0.079 0.10
Phe 0.1~50.0 y =16 683x—1 528 0.999 9 0. 021 0. 069 0.03
Ant 0.1~50.0 y=17 898x-2 817 0.999 7 0.022 0.073 0.03
FluA 0.1~50.0 y=19 376x+534.7 0.999 7 0. 022 0.073 0.03
Pyr 0.1~50.0 ¥=19 908x+824. 2 0.999 8 0. 020 0. 066 0.03
BaA 0.1~50.0 y=19 138x+610. 5 0.999 2 0. 021 0. 069 0.03
Chr 0.1~50.0 y=19 908x-2 697 0.999 8 0.023 0.076 0.03
BbF 0.1~50.0 y=20 214x+2 108 0.999 8 0.022 0. 073 0.16
BkF 0.1~50.0 y=19 349x+549. 0 0.999 4 0.019 0. 063 0.10
BaP 0.1~50.0 y=18 950x-255. 8 0.999 9 0.016 0.053 0.10
InP 0.1~50.0 ¥=20 512x-691. 2 0.999 8 0.014 0. 046 0.10

DBahA 0.1~50.0 y=52 336x-9 002 0.999 9 0.028 0.092 0.10
BghiP 0.1~50.0 y=17 736x—-113. 5 0.999 5 0. 028 0. 092 0. 10

2.2.2 BEUESHETHRARME P48 ERES, CBEI . ORI % 3L HEAT = AT DIbR Il
Sl , AMIBRARTIERT 6 JOPATIIR. 16 0 PAHS 09 T3 15 81. 296~98. 6%, M1 b fi 22
(RSD) 1. 6%~7. 0%( W32 3) . X FEW e AN ) 16 S0 R b e, 105 52 R e 4 i 0 93 o
PAHs AR 22K

#3167 PAHs B MIBRIISCER AR R R (R 22 (n=6)
Table 3 Recoveries and RSDs of 16 PAHs(n=6)

Compound Spiked/ Recovery/%(RSD/%)
(mg-kg™") Y%t 46 %46 680 TR KL
Nap 0.5 83.7(6.5) 86.9(5.4) 89.3(4.6) 81.8(7.2)
10 85.2(6.3) 88.7 (5. 1) 91.5(4.2) 82.6(7.5)

50 84.5(6.1) 87.3(5.3) 90.2 (4.4) 83.1(7.0)
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(8:5£3)

Compound Spiked/ Recovery/%(RSD/%)
(mg-kg™") T 46 W% 680 baARR KB
Acy 0.5 88.2(5.6) 90.9 (4.5) 93.1(3.8) 86.4 (6.4)
10 87.6(5.8) 90.2 (4.7) 92.8(3.9) 85.3(6.8)
50 86.9(5.7) 89.8 (4.8) 92.5(4.0) 85.7(6.5)
Ace 0.5 85.0(6.3) 88.1(5.2) 90. 8 (4.4) 82.5(7.6)
10 84.3(6.7) 87.5(5.6) 90.1(4.8) 81.2(7.9)
50 83.8(6.4) 86.7(5.5) 89.6 (4.7) 82.0(7.4)
Flu 0.5 89.8 (5.0) 92.3(4.1) 94.2(3.3) 88.1(5.8)
10 89.1(5.2) 91.8 (4.3) 93.5(3.5) 87.2(6.1)
50 88.7(5.3) 91.5 (4.4) 93.8(3.6) 87.5(6.0)
Phe 0.5 91.2 (4.6) 93.6(3.7) 95.4(2.9) 90.3 (5.3)
10 91.5(4.7) 93.2(3.8) 95.1(3.0) 89.8(5.5)
50 90.4 (4.8) 92.9(3.9) 94.9(3.1) 89.2(5.6)
Ant 0.5 90.0 (4.9) 92.1(4.0) 94.0(3.2) 87.9(5.7)
10 90.3 (5.0) 92.5(4.1) 94.3(3.3) 88.6(5.9)
50 89.5(5.1) 91.8 (4.2) 93.9(3.4) 88.1(5.8)
FluA 0.5 92.5(4.2) 94.3(3.4) 96.0 (2.6) 91.8 (4.8)
10 92.8 (4.3) 94.6(3.5) 96.2(2.7) 91.3(5.0)
50 91.9 (4.4) 93.8(3.6) 95.8(2.8) 90.7 (5. 1)
Pyr 0.5 91.9 (4.4) 93.8(3.6) 95.5(2.8) 90.2 (5. 1)
10 92.1(4.5) 94.0(3.7) 95.8(2.9) 90.7 (5.2)
50 91.3 (4.6) 93.5(3.7) 95.3(2.9) 90.0 (5.3)
BaA 0.5 93.8(3.7) 95.5(2.9) 97.0(2.2) 92.9(4.3)
10 94.2(3.8) 95.8(3.0) 97.3(2.3) 93.1(4.4)
50 93.5(3.9) 95.3(3.1) 96.9 (2.4) 92.6(4.5)
Chr 0.5 93.1(3.9) 94.9(3.1) 96.5 (2.4) 92.0 (4.6)
10 93.5(4.0) 95.2(3.2) 96.8(2.5) 92.3(4.7)
50 92.8 (4. 1) 94.7(3.3) 96.3(2.6) 91.9 (4.8)
BbF 0.5 94.8(3.4) 96.3(2.7) 97.7(1.9) 93.9(3.9)
10 95.1(3.5) 96.5 (2.8) 97.9 (2.0) 94.2 (4.0)
50 94.6 (3.6) 96.1(2.9) 97.5(2.1) 93.7 (4.1)
BkF 0.5 94.3(3.6) 95.9(2.9) 97.3(2.1) 93.4(4.1)
10 94.7 (3.7) 96.2 (3.0) 97.6(2.2) 93.8(4.2)
50 94.1(3.8) 95.8(3.0) 97.1(2.3) 93.2(4.3)
BaP 0.5 96.0(2.9) 97.3(2.2) 98.4(1.6) 95.4(3.4)
10 96.3 (3.0) 97.5(2.3) 98.6(1.7) 95.7(3.5)
50 95.9(3.1) 97.2(2.4) 98.3(1.8) 95.2(3.6)
InP 0.5 95.5(3.1) 96.9 (2.4) 98.1(1.8) 94.8(3.6)
10 95.8(3.2) 97.1(2.5) 98.3(1.9) 95.0(3.7)
50 95.4(3.3) 96.8 (2.6) 98.0(2.0) 94.6 (3.8)
DBahA 0.5 92.8(4.1) 94.6 (3.4) 96.2(2.7) 91.7 (4.8)
10 93.2(4.2) 94.9 (3.5) 96.5(2.8) 92.0(4.9)
50 93.0(4.3) 94.8(3.6) 96.4(2.9) 92.3(4.7)
BghiP 0.5 94.2(3.8) 95.7(3.1) 97.1(2.3) 93.2(4.2)
10 94.5(3.9) 96.0 (3.2) 97.4(2.4) 93.5(4.3)
50 94.3 (4.0) 95.9(3.2) 97.0(2.5) 93.4 (4. 4)

2.3 SfesarabE A ATt
TETE T ARSI A0, AT bR IE SN/T 49432017 HLE 1 & S I i Tl 16 Fh PAHS B9 %€ 772 o
TR AR e RS, PR T IO AR (R OBt | IR e R AN R AR B A
P S PR E AT AL B o VPR A TR B3, ARSCONE R & JrikaEnt . LoQ. MR %
PRVETRE T H S hRE T TR (WL 4) .
#4 i

Table 4 Method comparison

Method Reagent Reagent amount  Time/min LOQ/(mg-kg™) Recovery/%
ENYIR/S T 0.5 mL <10 0.046~0.116 81.2~98.6
SN/T 4943-2017  — F B WA+ 34 2 e +6% A AL BNV T+ 10 2 e+ — P b >140 mL > 40 0.03~0.16  80.9~110
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i 45 %

SRR, AW R AR B B B> THEIUE R, $RTF T s et S TR,
ART AL TR ) 4545 %5 10 min AN, ZCRIEE2175%, FH/0 7R BUREE R 5k B, FRIR T 240
72, WEM T EE SR, MERETEbRIE , PIRRITIRR LOQ ¥R B ne/ke 2%, DSCERAH Y, L E i
TH R PAHS (RSN ZER

P47 771 5 SN/T 4943-2017 ., HJ 950-2018. EN 16143 2013 J% IP 346-92 %5 [ PN AMH I bRl 1>
BEATHFEL (1 4) o AR IEAESRAE R ENE . T RCR F ¥ B R, A EmOt . Ptk

ik et
[ [ [ [ ]
[ swra9s3-2017 | [ Hyj9s0-2018 | [ 1P346-92 | [ EN161432013 | | 300k |
[ [
| wokasm | | —aomsesm | | sfokesm | | Elkem | | oRmikR |
[2 min
[ omsoxme | [ mmam | [ bmso¥mse | [ Silieakkfb | [ Nk |
[16~18 h [## 20 min 3 min
| fjﬁlﬁxxz | | mléqﬁ JAETRX2 ] Ve | [ —&wsebmhis
| Wi | | ik | | et || ik | TR |
l [
| a5 | 4
[ [
[ silicatiite | | A
ce-ms | [ mmgoeesi | [ coms | [ Gems

2.4 Mmoo

4 BB RER L

Fig. 4 Comparison of pre-processing procedures

2 b, TR B B ST A TE I e PAHs TRIE TR, TR 4555 SN/T 4943-2017 ZEbRifEAH
IR PERE T, U BB IR T T MR, FRAR T FITE R S Ve XU, , 78 T T bR S A 0 45t
WEA R AN A

K AT RN 35 4y i 85 VR ol CR AL 20 4y . W8T Sy . W TM 24y
RECHLm 40y . DIEl 14y . BB 4y), 4iERILES, etk PAHs, & 840.208~17.3
e, SRS A4, 65 mg/kg Fl4. 18 mgrkg, HFF[alEHEH AL
TPAHZNN | K20, REEPRA A REGEY), HARE M PR T o DR TR V&Y, 1o,
KA . 2855 PAHs JB T 2 2K 3 RBUEYy, #E— 0 1 iEiE I PAHS

mg/kg, HA 2 GG FEIHMAE SRS 2R I a ]

#5

T T R et R 3R 2R

A-E A
Sein

Table 5 Test resulis of commercially available lubricating oils

P4l 2 45 |

e YIE

Content/(mg-kg™")

Compound H Rl a HRMb e o FEAHLN W B
Nap 7.74 5.99 = - 7. 64 -
Acy 0.312 - - 0.290 0.452 3.15
Ace 0.619 0.475 0.355 - 1.54 2.15
Flu 0.378 - - - 1.05 9.91
Phe - 0.524 - - 9.51 17.3
Ant - 0.513 - - 0. 862 16.5

FluA - 0. 369 - - 0.943 0.911
Pyr — - - - 4.43 -
BaA - - - - - -
Chr 0.208 - - - - -
BbF - - - - - -
BkF - - - - - -
BaP - 4. 65 4. 18 - - -
InP - - - - - -

DBahA
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