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WE: FALRARE AT —AELLH/F, CH RO REZTRET LAk, S THLELRMR £—F
RELRBMTFEEMGTR BEAR, LEA PO LR EH RN E T EETERAMEEE Libr kbt
Bk RN AR, AMERE LA TREH S b efotie; oy kb Bk B R R RF ST
8 45 AR BORAB R RAEAE 55 TP 2 ity KMy i AR 09 R T A 78], XA BRI F K, A AL 2 R AR, Al TR
Bo A4 A B ELNH BT LM EDREETARG, U0 5 AMBERALEME & AR TR E, KA
SE TR AR Hik ) FI(ASE) AT AL 2, 3 by KR E M R AR P e B E Y R, AEFRIE LN B
AR T A AR AR S B TAE W, KA R R 7 =0.9997; 5 sk TR A 0. 40mg/ke, W] T IR A
1.60mg/kg; ERAE S EAF B E A 1.10% ~8.76% ; L i mAr el & 4 89.0% ~95.7% ; #M) & FrAf 5 6
R H5IATH A HI 1051—2019 &b b bR AR —H, 4SRN T L RS Tasbik, AF ik
B REA BT A FTua L, iR 5% ASE ¥ A AR ES, FRAES HEERE 11.5% ~
67.3% . T &Ry Aast B2 MER GG AR S, ATy dAh B IRAK T 40 50k (4mg/kg) .
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ek &R I AR R B A 2 L R
SYRTRT S, 2 U R AR T
Cyo ~ Coo IERBERR 11 55 1, X AL 4 47 2 1 LA
FOEVE Ao 27 B R AR BB, — A R I
30min HAEARBRE , fEA R @I i E 48T
P DL B AR B S o IR 2020 4E 4
24 H SZis o bn i e A wh 2R p I E 215t
TR ) (HI1051—2019) B8R LA DU SR £ 4 B AR bl 2
FR DU AR , (B EBOR TS Y A S il 2
SR AR A B S (R e o5, AT SR ) 2 453 7 TR I 4
VR IRAR R b A BOR B T A
KRN 7 1

DI AR F /D Tt kb BT E P
ARSI & JB G A, Fedotov 250 5% ]
WOCHOEIETE 355nm R WK T 204 1 i 4 18
iU ) T B , 0 3 X G TR, S it
TR R I S R R S e . A MR 20 LIKLI i o
TR SE A ], 2 ST T S R R W T I = A
SEAMT T %N SR A 7 AR TS Y B - 2 (R
WC 85 % H i & 95% , wof -1 v A il L T L A
PRSI BE A 2850, T Ay S b AR s e XU A
PRACHOEAG I k. A ES TR
VU AR P TR Y T, DA £ R =S
0 RE S, 0 R EORFE AR AT T SRS AR,
TESEI% 5 v RE A5 16 L 52 36 25 1 237 5 SR, TT LU
X LGP A W MR P T T W A

53 B i 205k 24 Y FE A R T e AR S R G
52 R TS Y LAY R b Foh i SR S e 4L S
FAR, TR 2 TR R % . AW H 4RI
SRR 0 = GE G ST 2 B, 28 0F C BRI
JE IR, A AR SR I e i, ASSCRATIE C k% ok
), ASE ZBUE M ETABET- B, 9 E /Y6 e T
TN 7 PR AR R A D TR e S A R 1t i B DR R A1
REG AR R B i . I RGRDT T
ARIGHR, 5 IUATHIRRUE DT T (LLAMIICOCRE ) #E4T
SEBRARE G I SE Xk H R B e, 4 TR A R
R B AR AR BRI T 1k SRR

1 S8Ry
1.1 fYZS A 255
PG G ET (1855 Y| ZE [F PerkinElmer />
A)) R K 310nm, & JHE K 360nm , He4% Snm)
ZLANIHAL (OIL — 480 HY 4t 5t 4 5 B {X 75 B Ay
HRRAE) : PE 2930em ™' 2960cm ™', 3030em ',
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T 7 26 B ( ASE350 Y| 3 [ ThermoFisher
Al) : ZEWE ) 8. 3MPa, i A5 B [B] Smin, A8 B FE
80°C , ARG A (HY - 10 KEKFHE IR, VL5 4
IR AR A IR A F)) o ARG 4. R
et (1g,6mL) .

IECHE (B al, £ E Tedia A7), U &M
(KTl B BR AL 22X A BR A AL 204N el &
) o Ehafdr, KOV, S8 MR T R, HL R TR
i, 255 (10mL, 50mL, A 9%, #7565 , 355 e < (
£ 60mm) , 31 % HLi 4= (450°C 158 4h) .

1.2 SEUGREN

B R4 5 < VAT BRI T S B A3 o AT A v 4
Jii[ GBW (E)080913 ], PUSR Z M Hr £L AR ik A A7
WEVET [ GBW (E) 130357 ],

R T HEST AN )G YR RUR R AN [R] V5 e AR B Y
02 B MR S A 2 R U E vk, RES TR
WX B g I B X R R
38 (vl ) R T i B A A R AL ) g
B3t i, Ride = 0. 380 ~0. 177mm, ¥ Z A E B
TRHG ARE S SR A, B S IR SR . AR
SUF R 4 -1,4 -2, -1, - 1,3 =37,
1.3 FESICRRD i
1.3.1 ¥R IEE

HEFIFREX 10. 0g £, A 30mL 1E & ke i 71,
25C M, BF KRG L, LA 200r/min §7 5
30min, FFE F L K B A E b T, 1
Hrik
1.3.2 HAEHE

WERRAREL 10. 0g FE 5, LA 20mL 1E 2 e 7,
25C AT N, B T8 I & AR A b, B R
15min, 1 F3EWBG FRUOIMA 10mL 1E RS, 8
PRI 15min, & HRBOR, F15 1L
1.3.3 Dy i) 2 B

HERFREL 5. Og A 5, R I IE C e Ry 26 B 711
1B 80°C , J& 71 1200psi , Fr 25 B [6] Smin, £ 3#5 2 IR
BEFTRE SO ATAL B . K2R B A9 W W A SOmL B
FEBEE, R

JIT A $2 BURCR B FR B v Al AR 061 1A, K i
Ui 1 SmL 84 3E 2 BT M E B A
FE
1.4 T fihZkiyz il

PAIE CUBE i), Be il vk BERE 4 0.,0.2.0. 5,
1.0.2.0.,5.0,10,20mg/L () 45 #E TAE# W, KA
310nm 3R 1K, 360nm & 51K, B4 Som,



$3 M VLA S5 R A HORE S P o T 2 SO SR A B — Do e e R A BT iR E Y 540 %
F 10mm A3 G @ LA T & AR B 52¢ 1T AL R
ﬁlﬁnﬁ@ﬁ%&\ﬂiﬂﬁ“{ﬁiﬁ;%gio Table 1 Detection limit of the method
1.5 JjiEvEREfRASIOWESE g OO TSR b A
A B0 5% W o3 A 5 Tk bR ME B 1T B R = HE WEH(mg/L) ik (me/ke)
LY (HJ 168—2010) YR , 77 2 4o th B R U s o L3S
5—‘—:114 ) Y tl‘k >y NG 23 2 12198 0 126 126
&EU&{Eﬁﬁgéﬁﬁi%ﬁaﬁho 3 13.086 0. 147 1.47
4 12.256 0.127 1.27
2 an:%gij‘i/h\ 5 13.930 0.168 1.68
. s " 6 13.320 0.153 1.53
2.1 FALBIF A KIS R ©opm e I
AT IS AS [ i A B 3 0 A 0 45 R 1) 5 FRUEGR 2 (mg/kg) - - 0.127
FEE T LA, At 1.3 755 = FhAS [ i Ak 3y b6.0.99) - - 3.143
for i R (mg/kg) - - 0.40

VEAR BN Y bW W, TR B B 310nm K B K
360nm TN, RizIEH B RIS ASE 32 B0
ERPEE &5 R 18. 3mg/ke .20, 1mg/kg . 121.3
mg/ke, FEEESHIH3.01% 3.76% 3.19% , =
PRI I HIAGS EE (RSD) O 3% Fidy , 25w A K,
{EARZINE R AR ZE 5, o ASE 32 U A 75
e, 2N ARG AV P SR I 6 %

1T ASE $2EUCS R G RIAR 4R 0K P P de
WO R B U AR L, e did e s RE T R4 i 20 1
R A 0T RS IR ZE R JF H A
A B SIETREE R ARPEE RS T 005 4 RN B RE
DA K 5 500 10 AR A 45 f e, 5 TN B W 5T 4G R
#ﬁzm-m )
2.2 TAihges il

PR 1. 4 TR e AR 2R 2 PRk AT, b
TR EETE 0. 0 ~ 20. Omg/L JE I N, £ 07 2
y =40.877x +7.0619 , % & %X r* =0.9997 , Zk Pk
AR
2.3 JiiER IR

ARAE HI 168—2010 fif5t A tPA7 G5 IE ARt R
PIRLAE , % B8 ASE $2H 25653 0606 BE I %E 7 A
WA R, A 7 YOmbs i, Inbsie oy 10 g, it
ST UCHATINE RORE il & B BOARME D 22, $5 DL R 2
A E IR R (MDL) .

MDL =2, | g.00) X5
iﬁtp:tu -1 ,099)%’31%}% 9% . E Hﬂﬁﬂ‘] n-1 Hﬂ‘ﬁ@
t {8 sn N E R AT RORE SRR, BT T ARG TE
99% E/‘Jﬁ'fgglﬁj »L(6,0.99) =3.143;s AT AT
AR 22 o

SCEIMELSR I 1o FOEs ECREEI E £
b i 2R A A H BR 0. 40me/kg, 1 7E F R
1.60mg/kg, ART( L4 ArimZRAgIE) (HI 1051—
2019) £LA1 36 G RE B A H R 4me/kg

2.4 JilkWiEIE

SRS R AL B il A T IS 45 R St
R IE R
2.4.1 =S EIBRAE AOR

PRECSg (it 2 0. 01g) TRLRE Yy 9 B HLAE +
SHE AL T G, 20 B AT I PR HEY) BT 10pg
50pg 100 g 250 g Fl 500w , %t 1 4 43 7 il 2 e s
A 2mg/kg, 10mg/kg, 20mg/kg. 50mg/kg F1 100
mg/kgo FEHA T 150 AT A BRAEAT DN E , 35 2
{EL oAl 22 AR B v i 22 (RSD) o 23 AR
Al IIAEE R IR 20 28 ERINBR 4 5 P60 4 R S [ A
1.38% ~8.87% z[a], /N 10% .,

2 BRI S AR
Table 2 Accuracy tests of spiked blanks

il 5 EU MR RE R £ 2 (me/ke)
/e:i4 2 10 20 50 100
1 2.05 10. 04 19.5 50.5 99.6
2 1.75 9.76 18.1 49.5 101.4
3 2.06 9.92 18.7 48.7 101.2
4 1.86 8.94 19.2 47.7 97.9
5 1.98 9.06 20.5 50.9 98.2
6 1.67 8.73 18.9 47.3 99.5
7 1.69  10.12 20.4 47.8 98.7
\/b
THE g 9.57 19.41 49.1 99.6
(mg/kg)
briEdiE g 0.58 0.88 1.42 1.38
(mg/kg)
RSD
8.87 6.06 4.54 2.90 1.38
(%)
IpsiEn g, 95.7 97.1 98.1 99.6
(%)

2.4.2 SERRER KRS
S AT R R 92 5 L SR i
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FI0TEEAR S IE , B R R E 7 3, W E
LRI 3 ANTRIHR R A S PR il ) 7 YR
(RSD) JuFE#E 1. 10% ~8.76% |8, ¥ /NF 10% ,
FUA R IR S, 5 T e 10 ) P Dl 55 2
WU = ZLA1 36 BE L I 5 I &5 i T e 3 v A
IEARE B E (2.3% ~6.4% ) A0, (L F2E# " R
PR 34 O I 7 1 A R rp £ il 2 o A o
J(10.0% ~11.4% ),

43 SEbRFERRT RIS R

Table 3 Accuracy tests of spiked real samples

RS Seb SRR 47 A B i (me/kg)
WEL 1 -1 4 -1 4 -2 i -3
1 5.99 10.6 77.5 285 1334
2 4.55 11.4 85.3 291 1322
3 5.54 10.4 83.2 295 1359
4 5.45 9.9 82.5 282 1340
5 5.63 9.9 77.9 294 1329
6 5.22 11.3 80.6 278 1345
7 5.00 10.0 79.5 287 1361
7. i}
T 5.34 10.5 80.9 287 1341
(mg/kg)
brififii 2 0.47 0.63 2.89 6.23 14.8
(mg/kg)
RSD(%)  8.76 6.03 3.57 2.17 1.10
Tz =i
94.1 95.7 97.1 98.1 99.6
(%)

2.5 JiikUEnnE

I3 25 IR A SE B IBR AR it AT I 4
Rt IR IEMERRE
2.5.1 &5 MRS IAR S B0 v 2

PRI S (RG22 0. 01g) BtJE o 1Y 44 92 4b 5 it
BT By, 23 A AT I ZEARMED) BT 10pg  SOpg |
100 g 250 g 1 500 g, X W 1= 35 A7 ¥ 2 Jolt vk )
N 2mg/kg, 10mg/kg ., 20mg/kg, 50mg/kg F1 100
mg/ kg, FEIRA T ko3 M 20 BRI AT I 5E , TH5 [l i
ROGIR LA 20 25 EAE I E Y I A 18] 0 AR A
94.1% ~99.6% Z|i],
2.5.2  SERRRE SR S v EE

SR EBEILT 3 MKREZH 10mg/kg .80mg/ kg
H1280mg/ kg (7 &2 B IR FN G @ A A2 B 1 45
BrbE b 2E 47 0 AR D 2 ME B 2, AR A el
50wg 400 wg F1 1400 wg, fNARVE 735 2 10me/ kg |
80mg/kg 1 280mg/ kg, & IR J7 1 70 #7204 T
W5E , TR AT AR B, 92 BRAE i s a1
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KNy 89.0% ~95.7% (F4), T LIEHFTE
Fe AR A S W A — 7 W RE T, {2 ASE
1 Tk 1R 28 A 1 % A R X T 28 T R B
Fr A Il i 5 A g PRLARL . W A2 SR PR 75 AR R —
A T 0 R 48 P i Y L3 Oy 83. 2%
~106% , 3% 1 HJ 1051—2019 3 5 () 8] e 38 Ky
83.6% ~91.7% . #X B2 SR FH b 7 30 4 B
— SR R 3R Y [EDSCR 8T 5%
~96.0% . A ECEILTFLL BTk

4 GhRRERMBRIIR
Table 4 Recovery tests of spiked real samples

b bR S B L )
e R H — — —
WL mFRAEL | 4 -1 FREE2 | 4 -2 IAREE3
I 0.6 198 | 77.5 152 | 285 562
2 1.4 212 |83 157 | 291 559
3 104 197 | 832 158 | 295 565
4 9.9  19.4 | 8.5 159 | 282 541
5 9.9  18.0 | 77.9 150 | 294 560
6 1.3 203 | 80.6 154 | 278 549
7 10,0 183 | 79.5 153 | 287 547
\/b
THEE s 04 | s09 155 | 287 555
(mg/kg)
I e 10 80 280
(mg/kg)
RUZIER S 89.0 9.6 95.7
(%)

3 5 ThsdE T e

SR F A SCHE 58 1) 5 5 BUAT AR fE D7 vk (H)
1051—2019) 1403 6016 BE 2 3547 S B s 1 4
XE. B S MRS R AT LIE 80X 5 A8 &
T 5 1A S B A 4 B S8, A LU 218N, 2069t
R R EFRE T 11.5% ~67.3% ,FEMFF
D2 J 5 i v, ROR B I

S5 PO NNIEILGLLAN 5 e e 1% 1246 DU 5 B A T
A O u A M
Table 5

Comparison of fluorescence method and infrared

method for determination of real samples

POt IO A3 b RN

PR | A RSD | AW RMER RSD
(mg/kg) (%) (mg/kg) (%)

-1 5.34 8.52 8.12 9.63
-1 10.5 6.37 21.6 7.47
4 -1 80.9 3.59 62.8 5.12
4 -2 287 2.22 74.6 4.66
-3 1341 1.16 238.3 3.55
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Determination of the Petroleum Substances in Samples of Reclaimed Land

by Fluorescence Spectrophotometry with Accelerated Solvent Extraction

ZHAO Jiang — hua, WANG Peng, LI Wei - liang, LI Zhong —yu"
( Xi’an Center of Geological Survey, China Geological Survey, Xi’an 710054, China)

HIGHLIGHTS

(1) n —hexane is less toxic and less costly than tetrachloroethylene as an extraction solvent in this method.

(2) The extraction efficiency was higher by using ASE because of its automation, high temperature, high pressure

and hermetic condition.

(3) The determination process and the data calculation of this method were simple and easy. The method’ s

detection limit was 0. 40mg/kg.
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ABSTRACT

BACKGROUND: As an important index of land environmental quality, the content of petroleum substances
determines the use of the land. It also reflects the effect of reclamation and treatment of polluted land to a large
extent. The determination methods of petroleum substances in soil samples include gas chromatography, infrared
spectrometry, and ultraviolet method. The gas chromatography mainly analyzes saturated alkanes in the samples.
The infrared spectrometry identifies the petroleum substances in the samples by measuring the characteristic
absorption values under different wave numbers. However, tetrachloroethene used as the solvent is harmful to the
environment. Moreover, the pretreatment efficiency is low and the detection limit is high.

OBJECTIVES: To develop a method with high pre — treatment efficiency, low detection limit and good
reproducibility.

METHODS:: Petroleum substances in the reclaimed land samples have low content, most of the components are
difficult to volatilize, the structure is complex, and the matrix interference is large. Using n — hexane as the solvent
and accelerated solvent extraction ( ASE) as the pretreatment method, the petroleum substances in the samples
were determined by fluorescence photometer.

RESULTS:: Using the petroleum standard material for marine environmental monitoring as the calibration material
to prepare a working curve, the linear correlation coefficient was 0. 9997, the detection limit was 0. 40mg/kg,
precision was 1. 10% to 8. 76% and the recovery was 89. 0% to 95. 7% . The results of actual samples were
consistent with those of the currently valid infrared spectrophotomeiry method HJ 1051—2019, and the
measurement results of high — content samples were higher than those of the infrared method.

CONCLUSIONS: The pretreatment method ASE has high automation and high extraction efficiency. It can be
used to increase the precision by 11.5% —67.3% . For samples with a relatively complex structure of petroleum

components and that are difficult to extract, the detection limit of this method is lower than that of the infrared

method (4mg/kg).

KEY WORDS: reclaimed land; petroleum substances; accelerated solvent extraction; fluroescence

spectrophotometr ; n — hexane
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