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BE:. cwEM AT PEEXANBIEFTERGEIEGTEMZ—, FRIE T & EY Rkt LIEF
FHHIMAEAELZEL, AXKRAETIRAFREN, LEZKRGRIVG, VAL EE AN F &,
FEIT —MGEFREK. ZRSZGIZ LB EYTEN F L, Bt s LSRR, EFEGE L
X A% r=0.999, #HFRA 3mgkg, 1A 10 RE XA LIERFFH EHEEEAHERIE, HWEEA
2.5%~9.2%, RARMWAFEMEH 80.0% ~110%., AHWIEFH ETIb, 534 ARG ki (L3 o Eegn
AL KR E R ) (HT 1051—2019) 2 5 AR Bl X & L3g b f7eml s sy, & 25 RABsHR £ £ 5.0%~15%

20, BAEKFH— O,

KR B3 Bk RGRIGE; RS AEE; ETR

lllll

(1) ETIeAE A FBUER, AR

M FAT . RFASF . RIEZ kL,

(2) A 275nm AE A Kk K A= 315nm 4E A KAk K, A EIFH R, REEE G,
(3) 7 ik FRAK E 3mg/kg, M 4R 5Lk A BT — 80k,

RESZES: TL271; S151.9 XERFRIAA: B
B 2T 00 K, NERHRETR T R AN K, A1
TR I RAN 2 . FEATh IR A
FHE AR, A B ST Re s it A I, 51 14
W2 Y EPERE R, XA AEY) i AR R K Y R
FEmt 2 th T 2 B BT SR R N % G
AR, ol e R | B R R AR AR,
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FAPUE R, B 55 B J ST 13 56 AR A e IR
AU RGEMAFSE T OGRS AOLIEE 3
G Y AR K o BRI BT T A
L5 e rp 2357 R PO R AE . AR S0k
IEREAR | FRE VR | SRR R I IE S bR GR
7, RIR G SR BN PO YO B A HLAS &, 52 T
— b SIS RSN T i

1 LR
1.1 Y38

DN ET (B I2RHE Fluorat-02: 3k I
1 250 ~ 700nm, % i % £ 250 ~ 700nm), If AL lem
ARYSC AL, ZLAMH{ (OIL-480, dt i
BHEI B A1 BR A T KR G i 3R 35 M R A
0 ~300r/min, K- &4 0.01g 1 0.0001g.
1.2 FERH AR

IECHE (CH,,): ik 4li; TR RN (Na,SO,):
T 550°C THI%E 4h, e R 5 e AR I B BSH, B&T
TR NI A A9 20 ~ 50 H, T 550°C FHI5E
4h, B ENE RS DB, & T TSN
TERREE (MgSiO;): 60 ~ 100 H, T 550°C F 1458 4h,
VoA 5 AR IBGE 1t ik R B T B8 1 B i, AR Ak R
BEM BT, 4% 6% (5T LL) 1 LA I A 28 1K
IR G BT, THCE 12N,

AR HEAE 2 W [ STV A5G W rh o ot
] P P A 5 W T 9 B 3 o AT A HE T (v B
1000mg/L, %5 GBW(E)080913), [ it £ FH bR
I (A 500mg/L)o

PEEEAR: FHIE C iR VT, B TR
o, & s RE R BE R BFF AT : B N AR 10mm, K &Y
200mm fY 3% 382 BT A 11 b 3B FE /D 8 B AR, K
RERRBE B A B2 M AE v, SO Bl R AT, L
FoE LN 80mm; B IS LT AESENR. T 450°C T HIKE
4h, RGBT RIS A, BT TR
HEUE VIR AR I IE Qe 2R BRI T, & T T4
PIEA A
1.3 FERCRE Sl

Ry ST AN RN YRR R AN AT YRR Y
SR i A T 2 T R T i, AR S i SR
s BR A TR FE M IX, A03E. FAEfb)
20y (G 1-1 F1 3-5), Rk £ 2 1y (R
1-2 F1 3-4), KALLE ) 48 1 (S5 1-3), AL
IO (BT 1-4) Atk B2 ) (R 155
N 3-3), FoHL TN R 2 6 (G 1-6 T 3-2),

PRELIH A b A3 2 3 (S ': 2-1 F01 3-1) WAL
e FHHb 3 145 (r5: 2-2). 1 Hb X4 FH b+ 35
10y (G5 : 2-3), Fo M b X AR 4= 38 1 1y (5
2-4), KRS HTHTS BR L AR R (B Y
R ARZAE), TR L TR S -
1.4 FESRiTERE
PR BUR A 5 B9 RES, 10g0K #1 2 0.01g), fl A
20g JC/KBREREN, WFES 4k P vk, 75 2= 29 E
Y, IAVARIIE O 8% 40mL, 35 7% 2B 30min, #E
10min J5 8 FIE WG FRINAGE & %E 40mL, 4%
FEH 30min, & IFFEEUR E 100mL L AE, 5
H 20mL 1E CUGeyeis 148 HER IS, VRl —IT 4%
NIZ ARG T 4R OV 430 28 2o o T 6 L I A
(EA&N 1om) WERH4A0 25 BRSPS T4, 572
HII SmL 3 9, FAax i i & T 100mL HIEHEE
Y R, RS T RS R R (R T
UK HE B Y(HI 613—2011) HEATIE o
1.5 FrifEshgkeaibil
YE B A2HL 0.00, 0.10, 0.50, 1.00, 2.00, 5.00.,
10.00mL £7 i 2545 W FH 3 (=100 mg/L) T 7 32
S0mL 2 s, FIE Qe B BhRLk, 3250 Frife
Z A E 43 515 0.00, 0.20. 1.00. 2.00, 4.00. 10.0
F120.0mg/L. 7EW KL PR H 275nm, LG KK
315nm £0F T, i lem ASSOE AL, IE OB
HB L, MR DOERIE . DIATIMIS I MR AR FR, L
PEICHR N ALAR, BT AREITZE
1.6 FESIE
Pl RS 10mm @ L, UIEC 58 S
Fb, 7E& DK R 275nm, K SRR R 315nm 454
TR EE, AR . THRAK R
_pXV.
MXWym
Ao w— AR E i (mg/kg); p—IRFE A
2R (mg/L); V—HEHORE AR (mL); m—+
SRR TR (2); won— LIE TS 1 (%)

2 iR
2.1 SRR
XSmRS (1-1), FRER) (1-2), HAks
J7(1-3) FABRET (1-4), Fafel (1-5) KmT T
N (1-6) T3, DUSAHRRLN (2-1). W AHHEIX (2-2).
FTHHIX (2-3), FEM B IX (2-4) PUAS 3 4 FH b+
B, HekE i AT IR SR, RN R S PRER AT
WSE 6 W THESFEIME . ARifEfR2E (SD) KA XTARifE
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2% (RSD), W 25 SR W% 1., 380 % /) RSD 78
2.5% ~9.2% Z[a],
2.2 JiiEUERE

X e R 141, 1.2, 1-3, 1-4, 1-5, 1-6, L)
FARELIN DO A P A 458 241, 22, 2-3, 2-4 AT
I T e 5K 55, i i % 58 10mg/kg. 20mg/kg.

50mg/kg. 100mg/kg. FHE o5 IR R, AEfh
FAUSBR - HEMARAE S ATIE 6 WK T RE
KA RIS, W 45 553 5 03 2 gk 3, SEBRkE
S AR ESCR H 80.09% ~ 110.0% .
2.3 JERHRR

FRHC 10g HbRE o 0 A e ih 7 43, o3 At B A

21 LB TSR A
Table 1 The precision results of petroleum oil in different actual soil samples.
SEBRAE A TS R I E 45 R (me/kg)
7 R EL
R 1-1 FEfh 12 Kb 1-3 FEfh 1-4 K 1-5 FEfh 1-6 R 2-1 FEfh 2-2 ke 2-3 P 2-4
1 32 48 3 12 12 24 <3 <3 <3 <3
2 30 43 4 13 13 23 <3 <3 <3 <3
3 35 50 3 15 11 23 <3 <3 <3 <3
4 32 47 4 12 14 22 <3 <3 <3 <3
5 35 48 4 14 12 23 <3 <3 <3 <3
6 31 44 4 14 12 22 <3 <3 <3 <3
FHE (mg/kg) 32 47 4 13 12 23 / / / /
SD(mg/kg) 2.1 2.7 0.1 1.2 1.0 0.8 / / / /
RSD(%) 6.6 5.7 2.5 9.2 8.3 3.5 / / / /
22 LT RS RS MY R R I e A R
Table 2 The accuracy results of petroleum oil in perimeter soil samples from the chemical plant.
i BESD 1-1 FEfh 1-2 FEfL 1-3 BESD 1-4 FEf 1-5 FESD 1-6
W FE A JIBRAE iy FE JFREE FE TINFREE FE JIBRAE i FE JINFREE FE JIAREE &
(mg/kg) (mgkg) | (mgkg) (mgkg) |(mgkg) (mgkg) |(mgkg) (mgkg) |(mgkg) (mgkg) |(mgkg) (mgkg)
1 32 79 48 149 3 13 12 25 12 30 24 76
2 30 73 43 145 4 13 13 22 13 28 23 64
3 35 90 50 140 3 13 15 25 11 30 23 70
4 32 74 47 155 4 12 12 21 14 29 22 71
5 35 85 48 150 4 12 14 25 12 27 23 76
6 31 70 44 138 4 11 14 25 12 28 22 68
FHEIE 32 78 47 146 4 12 13 24 12 29 23 71
Jibr 50 100 10 10 20 50
EEreEs
92.0 99.0 80.0 110.0 85.0 96.0
(%)
3 R IERE SR IS S R I 2 4G
Table 3 The accuracy results of petroleum oil in soil samples from agricultural land.
2-1 2-2 2-3 2-4
Sl v - — - = S — —
WEIH R Tk RER, P Tt REh FER, R FE TERER:
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 <3 9 <3 10 <3 10 <3 9
2 <3 9 <3 9 <3 9 <3 8
3 <3 9 <3 10 <3 9 <3 8
4 <3 8 <3 9 <3 8 <3 8
5 <3 9 <3 8 <3 10 <3 9
6 <3 8 <3 8 <3 9 <3 9
FHME 9 9 9 8
i 10 10 10 10
[l (%) 90.0 90.0 90.0 80.0
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B RS B HI bR il 100pg(B B ImL ¥R B N
100mg/L 4 HI b5 i), XF - a2 & & h
10mg/kg, HATIAE, THEE 7 UOTA 700 5 B s o Al 2
(SD) } 0.726mg/kg. R4 (R Wil 43 B 5 i pm vf
FETTH AR SN Y(HT 168—2020), K H FR i1 A =
MDL=¢xSD 1455, 4 £546 B4 i FRR. 24
TE 7 U E R =3.143, A AR T ER RN
3mg/kg, ME T RN 12mg/kg, %77 A6 i BR AN 7
JE IR v BRI 7 BE (B A 2K

3 Wi
3.0 MEPFIERE

5 A1 IS v B 32 B0 5 A 9 b i S E
By o H SR FH 26 Y66 BE i 22 7K Fp oA il 2R i
o Y 43 A7 7 3k, A0 A T RO KR 5 3 ) (GB
5750—2006) H B 7E 300 ~ 400nm 2 [A]$3 4, LA
E S KIS & . KT ARl 43128t
JEEERE )(SL 366—2006) . CHEEVEWEINFILE 5 4 &8: 1
IKA3 BT ) (GB 17378.4—2007) 1% JH| 310nm. 360nm
Y Ry R e R R i . R b i R
275nm, 315nm VER UL R AL SR . Al
FrufEY) JETAE 310nm 1 30K % 4 Fil 360nm 1FH &
P, LhRAE 275nm VR REUR RN 315nm 1R
Vo2 iR AN IOP S L N R S/ A < 7 N b 2
I S BT 43 ) 24 i B o T 28, e M A OG R 000
=0.999, /N [R] v BE AR 7 (B UL 1. &1 1 R, 7E
275nm ERI& WK 3150m V58 ZHHIK 44T,
3 310nm 1 A 3 & 34 A 360nm 1E b & ST KA
TUF A S N, R . WA SCEEHT 275nm
M R e KR 31 5nm 1R R S K .

0.8
07 | |B WD 310nm, & S K 360nm
: BRI 2750m, KA 315nm
0.6
0.5
o
= 04
=03 f
02
0.1 +
0 e rv—- F‘I@
0 0.2 1.0 2.0
A1 IMZEHR B (mg/L)

BT AR A IS i oL i 45 5
Fig. 1 The measured response values of petroleum oil at

different wavelengths.

3.2 IRV R

I FRBUA BERD 5g. 10g. 15g 1 20g PR S
i, A — 8 R B T AR M, A v R
50mg/kg BAURE i, $22 B4 BT 20 BRAEATHE 1 43 BT,
VAR B E AR BRI 22 . S5 R 0. 4 1
R it 0 25 SR AR AR HEAR 22 (3.2%~3.5%) 2 51
K, BURE o Sg. 10g B B9 [EDICR (94%) i T BURE
I 15g., 20g I A [PICR (88%) . % &3] 4 kR Sl Y
By oM 25 B e 45 R i PSR M, AR I vk 1 A o R
Fe ok 10g.
3.3 PGS
331 FRIBUE IR A]

VPR FE 2R S0mg/kg SEBR - 3EEE S, 20 BI7E
PR M 100, 150, 200, 250r/min M 4§ 3% i 6] 10,
20. 30, 40, 50, 60min [ 525 558 T 0 E K oA
IR . 25 SRI: ARG IR AT | 4R35
SR T, A 0 (B A, 244235 B E] 30min LA
J&, PRGN ZE 200r/min &, B IESS Ha T
T . B IRBR G R, BRI AR T Ge
B L R AR G A, IS LB . LR IR
T5 AR E A LA 200r/min $%3% 30min.
332 $RBUREK

VERRUR 2R S0mg/kg SR - 3ERE &, PR35 90
25 200r/min, $& 35 W [ 24 30 min, 4R 37 $EEOK B
1R 2 3 IR SE SRR AR B FE
S 2 S IRORG 8 B D e 235 R AR R, R RO
B0 7 45 R 00 A A o D 22 43 0 2.3% . 2.5% il
2.7%, V- ¥ 52 45 543 5 N 44mg/kg. 48mg/kg
48mg/kg. I m B AR BRI 1 IR T RE S
W LR BOR 78 4 B AR B F vh g ALV 351 A i P 1 5
R 28, 7S 7 v o o A S R BB Bk 2 9K, BRI
40mL 1E O fe e BORE i, 555 HH 20mL 1E S Be vk &
e HOUI, A I PRIOR, Frd b eI o
34 ek

AT 2 AR R 2 SR T Y d R T
YL o SR I 2, T LA R A U i a1 T
VAR Ah B, 2 B Sl AR 0 i A A g I G S 2 SR 1 5
M. HETH R A R fERREE . | rER .
Horp, EARES FEE ] TR R R A 4 s
JE 3T FH T AR A R A Ak 0 R TR AR 110 WG A
I FAAAAR AR IS =2 18], 7S SC3%E T Rk RRBEAE g Ak
MR A PRk =X, 390 PR
W o35 TR A AR WA 3, AR Sk e Ak T Xtk A T
T Xt 61 10g A 9Eb A3 ImL ¥ B2
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1 500mg/L AEAE I, A2 F 4% & &8 50mg/kg i
FUAE i, 0 % 9 I 3k AR R S A 18 2 7 o e A6
J7 BRSO

PR W A 7 T AU PN Sg fERR
BB TR IR% 4 1, LA 180~200r/min [ B 1% 25
PR 20min, FHEDIIES, LIERAH TIE A,
W B AT 2 B0 2 v A ol A o A O 28 80mm Ak iR B
(2 5g) W RrEAT: W B 5 e B 1 B ZE B R R,
T A

TIHC6 15 10g AT 9EqD, 43 I — & A
RBRIEVEI, ffEINPRAE B R 20mg/kg, I 5E P Ak
D7 AR IPDSEHOR, e 45 R W3 4, R 4 DRSS
SR, FE2S FURE i [RS8 e S oy, WA A< O
I BAF R IR, IS4 7E 90% L L, 163
FALRRLT A IS A S AR B, A8 I8 3 Dl iy
H i, ATHE Ry 2B 2% o i Wz B 555 SR iR 5 XAk
Z SRS BN 89.7%, K W itA: Jy =g fb 2
R 2B R 100.0% ., 220t L, PR =, 1)
T 7] ek PR 5 RN 351 FH i AR — B, iR 3% W FRE A # A
I AR W BT R, W BRR AT T S S BR 24 B RO 4 o 25
B I, AR SO T A A TR S A
3.5 WRFHERERR RS S (L

B X SR A T IS4 R UER I i B KT8 B
SREYIINZE, A SCR & A A8 A B AR A1
Py S5 R AT W B A e T 5 I v B R LA . BB

F 4  RAAREERRBEFLTT A PRI E 4521

0.5g Efefe B, FIECREER S 1L, 155801 E
A 500mg/L FIAE I, 2 BT A 2] 10g FE i A A 24
T 50mg/kg 245 & i, 43U B 40, 60, 80,
100, 120mm 7= FE A RERRBE WL BT, X5 1mL AEA
VAT W B, 00 3 VR AR T R I
B (3% 5) FBH, MU AERREE = Bl 80mm B, XA
Wi B W B SCR A F] 100.0%, BERSI 2 246 K 2801
B MR o % IR B RERREE A B XTI LL IR S At )
TR PE Y oo A R, P AN et v, PRI o
FHRERRBEIE 7T = 2 R 80mm W BRHAT:
3.6  SEATHRIE BT RGBT

K A SCRIEGE I 4317 0 1 S5 A TARE i (HY
1051—2019) " AYLLAM PG EE L, X 5 At br + 15
RT3 RIS, e 25 R L3R 6. A I 133
AR 7 700 R 25 SR P A Y, DTk ARG H R A 21
AMEAR . NSZBRAE S BT D e 25 ROk, AR
PIRE S 2T A0 3500 B v e 245 SR v o
SR, AT R R e B W LT Aok
JERE B =AM AL (2930em™ | 2960ecm ™, 3030cm ™)
A FEAE W, TR AR SC T FH 0 3 % R RN & i
KR T A M R B 5 6w AR o KR ARl HY
1051—2019, V47 #F i 22 B 1 12 <30% 225K . A3
XiF 4 FPOR RN 5 P 28 J2 A S I 25 SR A 7
FEXT, MR 22 7E 5.0%~15.0% 22 [a], Pl 7 s g
T S5 A BT — 3t

Table 4 The results of petroleum oil determined with different purification modes of magnesium silicate.

P W S P Wk SR
W R BT LR R BT LI
WEL kI E A P bR E (A R W5 ZEMBRECE | e A o EeR
(mg/kg) LR (%) (mg/kg) FBRFE (%) (mg/kg) (%) (mg/kg) (%)
1 5 90.0 <3 100.0 18 90.0 20 100.0
2 6 88.0 <3 100.0 18 90.0 19 95.0
3 6 88.0 <3 100.0 18 90.0 21 105.0
4 5 90.0 <3 100.0 18 90.0 19 95.0
5 4 92.0 <3 100.0 19 95.0 19 95.0
6 5 90.0 <3 100.0 19 95.0 20 100.0
R 5 90.0 <3 100.0 18 90.0 20 100.0
25 AFIRERR DTS S P I R B R

Table 5 The absorption efficiency of vegetable oil with different height of magnesium silicate extraction column.

e 100mL ¥k 500mg/L HIAH YRR
FEMREE =5 % (mm) 40 60 80 100 120
FEYPIII E R (mg/L) 9.83 332 0.00 0.00 0.00
2 BFFRECR (%) 99.0 99.6 100.0 100.0 100.0
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F 6 AXWFOEOER G LI OCETR BUThE LIk, HI9EG 06 R G T B Xt 1 ek
Jiid) LSRR i AT B B A T IN E T T ik . SRR

Table 6 Comparison of analytical results of petroleum oil FESL IR, 7R S - HERA RS . AR
determined with fluorescence spectrophotometry (this PEBUR )R A A U, BiAL BRI BA AL, A 1

method) and infrared spectrophotometry (standard A, W B G TS A B . 25
methods). Ik, J7 PR REFE AR 2 T A TR, RIS R S B

SRR CUMPOLEE oo ORI e BT B — SO, T B LA

A% ek move o N T AR A

FEdh 3-1 - 4 / PN HENCBE 12— e S 2 (0 BT 7 15,
PE 32 < 4 / AR 5 35 B R 27 TS e W 10 i, TG TR A B4
il 3-3 16 12 15 My B BRI AT A o S b, o e R ik
FEdh 34 53 48 5.0 FAPEAR S, XTI T R 1 g, T L
FEdh 35 39 32 9.9 3 1o A ORE A R R AE  A AT AR . (R

BEIJE, BURERE L /b, 2SR RE S AR e, S B
4 i ZESRA IS, NI, T S gt SRR A

HESL T LUEC R A BUR R, IR IR BE AT PRt & 20T Rt — R e

Determination of Petroleum Oil in Soil by Fluorescence Spectrophotometry
with Oscillatory Extraction

LI Yuan, DUAN Xiaoyan, SHI Yuge* , LI Gang
(Ecology and Environmental Monitoring Center of Xinjiang, Urumgi 830011, China)

HIGHLIGHTS

(1) The n-hexane has the advantages of low toxicity, chemical property stability, environmental friendliness, and
high extraction efficiency as an extraction solvent.

(2) With 275nm as the excitation wavelength and 315nm as the emission wavelength, the fluorescence response was
better and the sensitivity was higher.

(3) The detection limit was 3mg/kg, the results of fluorescence spectrophotometry were consistent with those of

infrared spectrophotometry.

ABSTRACT

BACKGROUND: As an important index of soil environmental quality, the determination of petroleum oil has
become one of the must-test items in environmental monitoring. The gravimetric method is not suitable for the
purpose of environmental monitoring because it can only be used for the determination of non-volatile substances
and has low sensitivity. Gas chromatography is mainly used for the determination of C,,-C,, saturated alkanes in
samples. The infrared spectrometry used characteristic absorption at different wavenumber to characterize the
content of petroleum substances in the samples, but the response of infrared spectrometry to aromatic hydrocarbons

1S not sensitive.
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OBJECTIVES: To establish a simple pre-treatment efficiency, low detection limit and good reproducible method

for determination of petroleum oil in soil.

METHODS: Using n-hexane as the solvent, adsorption column as the extraction method and oscillatory as the

pretreatment method, petroleum oil was extracted from soil and determined by fluorescence spectrophotometry.

RESULTS: Under the optimal conditions that with 275nm as the excitation wavelength and 315nm as the emission
wavelength, the extraction solvent was n-hexane and the extraction method was adsorption column, the calibration
curves of petroleum oil were linear with correlation coefficients 0.999, and the detection limit was 3mg/kg. The
relative standard derivations (RSDs) were from 2.5% to 9.2% and the average spiked recoveries were between
80.0% and 110%. Compared with the currently valid infrared spectrometry method (HJ 1051—2019), the results of

the two methods were consistent.

CONCLUSIONS: The solvent of n-hexane has higher toxicity and stability than tetrachloroethene, and better
environmental friendliness. The oscillatory extraction method is simple and easy to operate. The detection limit of
this method is lower than that of infrared spectrometry (4mg/kg), and the precision and accuracy of the method is

good. This method can be used as a supplement to the existing methods for the detection of petroleum in soil.

KEY WORDS: soil; petroleum oil; oscillatory extraction; fluorescence spectrophotometry; hexane
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