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VIR-CETE (4 : 1, VIV) RAENFR=F AT ENESY, FIREREEER 10% LH-KREREEE
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vk D28 RO G - B R 2 A O v
EPA 8041A £ EPA 8270E i FH /UM (6 33 ok AU A
R RSB 2, 4- IR | 4-AH SR AT RE .
i U1 AR I v KR S 4
Sy, K PR 0.02mg/kg, 1% 77 1 HERR =R 3L, (HAEAE
R e R EOSE . 20 0 e
AR RS- T e & B A R R 2, 4- Sk
1 FN 4-fi L0y, K BR 23  1.47ug/kg. 3.95ng/ke,
AT A=W RS PR A, i (B o, (AT A AP
TRAEGH B BARERT . B AR AR 120 WA (3 i I
M A3, KRR 0.02mg/kg, FAERTHL, H
FETERT H PR A R L e PERE A 22 1 Il R S50
o3k EREE S (HPLC-MS/MS) ELA R & . %
BEMELE . BUTPERE RS0 S, HRTC B 2T
ARSI E 22 (E R TR 4
BRI A A Y v R ARGE . R R
A PR RTAL R A 2R AR I, 75 B
WARFEI, i e i s 122 RICHIRIE BA
B | A AR AR 3, (H AR SRR 5
TR AR AE BRI A6 O 2B L T RE S i
[l a5 i | VR A /b, (R % B 5 s B 79 D 4
BT A B A i Ah 25 2 ELA SRR R L BB BCR
PRI (B0 S e A, N T
oSBT = RS SR AL A G T B |
RAAER 3BT, A SCHEST T 88 75 AL HES & S AU AH
G- B TE I /HT o A HAS [ P AR R
RFFEAR 5 02 BGR X = RS 2b S
FEWGER, W5 T e AT B, R bR AL AL
TR A, ISR L0 A5 T I SEBRAE

1 SERERIT
1.1 a2

Y AH 7 3% - — T PO AR AT AR IR T 1S4 (Nexera X2-
SCIEX TRIPLE QUAD 5500, H 74~ SHIMADZU /-
S5 [ SCIEX A ), BrHLmE 55 il B (ESD), (it
Kinetex C18 %, % 1 (100mmx=3.0mm, 2.6um, 3
Phenomenex 2~ A ); #8 75 I VENL (T BT 2 AW A
A, FATHAR L (Bt BUCHI A F)).

T Fe M A0 5 W IR & bR HEVA W 100mg/L ¥ T
FHEE (32[# AccuStandard A ).

Bk, —EH b, ZMROER. WEEM N (8
jik4li, 2¢[# ThermoFisher 23 F]); H R A1 HH iR &% (43 Hr
afi, bigRg A w)); QAN FIER IR (3 Hral, v
4RI
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aliK S 4TS GBIT 6682 HHlE 19 —2%K .
1.2 FESHI A AR

Z I IEAMPURY) Wy Sl < 6
TEVE V(HI 703—2014) AHICHLE , #EATHE i 1R A A
PRAF o3RRS 2022 4R L 48 4k T 5 X Ak
HuJHATAE A, LA BRI EP BRI T

HERAFRBUHT B 3R 5 10.0g, i ATE B ICK R
iRl RS DR S L 100mL HEIEH R, [m14EE
A 30mL A - IEC L 2 2 1, V) IRBH
FUXTRE AL IEA AR A A, B R] A 3min, 45 688 75 AEHL
LN 40°C, FRE A AEE 2 R, BRI 30mL
TEWE-IECKE 2 5 1, VIV) IREVER], ZBGE ]
To B 3R BUR A I A 5 W SF i A
200mL 7K, F Smol/L S AR IR & pH> 12,
IR | i E IR 725 N2 A HUAH, R KA.
FE7K A 3mol/L #FHhR I 77 2 pH<2, il A 25mL —
AW EE-ZIRTBE (4 : 1, VIV) RG], SR A
B, # e R AR A HLA, BRI 25mL S H bi-24 1R
LBE 42 1L, VIV IRGHR), ZEBCLIRF L, Pk
Bk A9 MAEBUAFN —E P bE-oROER (40 1,
VIVy B, ASTE FH 80k €3 - B I T R A 1) AL
I, F5 BORAR R EEA0 A SN - R T LK AU
Wedi 2 1.0mL J5 BEHRE K, A 10.0mL ZJE, Bk
7% 1.0mL. H47KER S 10.0mL, FF .

TR RFEIR I T FRK S I E )
(HI613—2011) & .
1.3 S-S A

TR 033 25 T shAH A S~ 0.01mol/L B iR % -
F R 2% vP L, pH=4.0; Jii s AH B b I 0 3 DR i
J¥ A: 0.0min: 60%A, 40%B; 11.0min: 10%A, 90%B;
18min: 0%A, 100%B; 20min: 60%A, 40%B; i &
0.2mL/min; #EAEAFR 10pL; #EiE 30°C.

JoT T S5 A 1 P L 55 2 IR (ESI), B8 A
s EFHL (NC)3mA; B FIRTEEE 550°C; W% HL &
—4500V; 2 8 [ i WA X (MRM), FTi% 2 8501k &
e 1o $ZIRATHT F5 A0 5 BT — Pl S I S i 5
BN B I WL 1,

2 HiRGie
2.1 FERFFIRL
211 HEREEE

PR R 5T MG 5K B RFRLE (10%.
20%. 40%. 60%. 80%. 100%) XF =il ELiy 21k &
YIRS o S5 5K, LR B A R = A L
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Table 1 Parameters of mass spectrometry for the determination
of three nitrophenol compounds.
. FET1 FET?2
T S A BT KRR I e
I EY T g Tl g
m/z )
V) V)
2, 6-fHFED) 183.0 -71 79.0/~30  64.1/-30
2, 4-His LT 183.0 -112 108.9/-30  123.0/-22
4-fig S 137.9 -70 46.1/-48  91.9/-26
1500000
2, 4-FiHHE
1200000 + |ﬁ¢] B
& 900000 |
B |
= 00000
w0 [ 2,6 A
&L |'
300000 |
0t = —l —

0 2 4 6 8 10 12 14
f(min)
Pl = RIBEEEI A S VbR A A S T i
Fig.1 The total ion chromatogram of three nitrophenol

compounds.

FUEYRIEIE . 4 ONE SR> 60% B, %
RN 25, WS I A R B . MO
SRR F L <20% B, =Rl 5L w251k & 4 1 5k i
FGETE AT, [ sf Sy ik G S5O0, AR 5206 e 4% 10%
CIEVE R BRI
2.1.2 AR

PRI AL S 10.0g, PR EE N Spg/ke, 435
A & W be, “E B - IEC ke 22 1, V). 5
W kE-Z R CHE (4 : 1, V/V) iR, #8520 3 %,
WM 30mL, #% /8 1.2 55 5280 5 1 064 7T R Bl 40 T
ARG AT 4 2RI, A = R G Y 2
BOGCR, SEATINGE 6 1, = Fhil 3k 2 b & 8715
ISR 22 FI7R. H & 2a AL, 48R ARG N
TAEFE-ECKE 20 1, YY) B REBCICE R . [
Ak A v/ NAEBGRTA R v L BiAE, B IR i R Jo )
il 3 W S A0 & I sE B T8RS DR AR S B
A ARG Bk QL V) IR

EIEH
2.1.3  b)E ZE BT

T P AR A AR O AN AL A B0, oo

120 (a) SIEE R 1, VTP

LRLTHE = 1, VIV)
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srare
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%, AL
=

2, 6- hHFEE 2, 4-fiHEEmy
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2, 6- " HHFEWY 2, 4-hEFEE

120

(©) — H
100 =2
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40 |

20 r

A
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A

2, 6-_fiHFEE 2, 4-fH LBy 4-TiH FE 1y
a— A A BUAT] ;. b b E A BUAT]; o —IHA T
B2 AREREN =ML E YR R
of three nitrophenol

Fig.2 Comparison of recoveries

compounds in different experimental conditions.

WL JE A PO R LA o SEER IR TR FRER
T HEAESL 10.0g, INFRVE EE R Spg/ke, #8725 UK
B0 3 WA BUW A OB 50 W =F b, A
200mL 7K, ] Smol/L E A AR IR 28 pH> 12,
TR BEIR 725 N EA P, P B KA,
FHAFHN B KA 3mol/L EhmiH 15 2 pH<<2.
VL b5 (7K, o BmA & e . 5 be-
ECKE QL VIV IRGHER ., AW 5-C R B
(4 1, V), G A 2 R, BRI 25mL,
G AT 2 1.0mL 247, SRS B AR A 25
T4 2 1.0mL, FHEKEZ E 10.0mL, 7700, LLE
=Pl s ZE BRI SR IBCHCR, SEATINE 6 6y, =
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i il 5 M 2 4k & 1 0 °F- 2 Tl i 220 B0 nfEl 2b
FiR o

] 2b AT, Yk i 2 B0l oy — e -
LFRTE (4 1, VIV), MISCREGT, ¥I7E 80% LA I,
TARBR G L BRI X BT, fiE
RO BOK AR TP S S B 2L &, IR B O TR 2
Fie 5 BVATRE T )2, DT cE o B i Ak Ja 26 U
FIEH @ Be-L R TR 4 1, VI IRBER
ASCHH A BE-IECBE 2 1 1, 17) IRA R
A S A A BE B Ak B W, B IBOR I A B K %
W AR RN, 25 PRARRR A AL, PN A ShRR R
R S IE B LA, SRR A S H e - TR
LR (4 1, VIV) IRBVE TR AU S E R AL G0
2.1.4 A

FEME P AR AR R LIS ZE IR AR H 1 L
T, #E— BT R R B B SR . SR
PRI AL S 10.0g, PR B Sug/kg, ¥ — 5 H
Be-L TR LT (4 1, VIV) A U 50 7 47 9 48 =
1.0mL J&, /- A 10mL S . G F 4k 847
AR % 1.0mL, 4K EZZE 10.0mL, F0 . P47
TE 6 UK, S 43 5 58 T A R B R 2
X = A L I 2 A TSR R e, — A S
KA AW HSE S SR I E 2¢ s, A 2¢ /T,
SRR R S A A W AE TR R T S I, TR
e T FH R ) [RS8, 3k 2 fR T M il o5 L
PSR, PIEA HRAR S o4, PRI G 1E R T 4
oSl
2.2 SERTTEEARWG
2.2.1  BRUERRZ AT A R

o2 AR M 2R i L H B B R B AR A, W TH]
BURI AR, = FhE S 205 P Pk [l H 7
FHIE R BORAS HBR UL 2., =Rl 3L By 2k & 9060

i W FEITE 1~ 500ug/L N5 G AR 4 1 K
F o MO BN LI E K, YITE 0.999 D) | %EZE
SR T A AR E N 0.5pg/kg 125 1 A JERbRE &,
A =R E 2R AL S YA ER 22 (s), 218 (OF5E
WD A3 BT 7 AR e T T AR T )(HT 168—2020)
AL A MDL=sxt(n—1, 0.99) 151 J7 %46
OB . 28 HE R, AR DR R B
0.1 ~ 0.2pg/kg, 7 RN 777 5 HI 703—2014, ¥
Mt 120 AR EE-Fuk 2 B B bRk
G UNEE R L E AR TR R, o 2, 6- i Ak
B AL A9 = Fp O R ARG . 1% e 2 e p
PSR AL G PRI 2K
222 JrEKEE

g T LR 2ug/kg. Spg/kg. 20pgkg =
AT AR e BE R =i L B 2 Ak A 1 14 TR,
A 1.2 5286 et 4T 6 UCEATINE . 3 2 45
FW, =R KA S WAE =D INARAKCE N R
BIREE A 61.7% ~ 90.8%, XA 1EN 2 (RSD)
3.5% ~ 7.6%. %07 EA B UF By R BE AR %5 R
AT VERAI 2 3 =R RSE I I AW
2.3 SEFAFEShIIE

I ARSI R 2022 AR A6 A A B X Al
FH Hb AT 3R S 20 PR EATASIN, 4 £ 3R
Kithh 2, 6- —AHFEE AN 4-fiSFEmy I 2 FPRY I ZIL &
Yy, SCBRRE SR FRPERES, 1 i 2, 6- A
FEW e R 40.5ug/kg, 4-1 3L B 1R B N 14.6pg/ke;
PHAYERE S 2 Ty 4-AH 2RI e BE R 22.7ng/kg; BHEFE
a3 WY 2, 6- R BRI VR FE Ol 19.9pg/kg; FHVERE i
4 TR A-REFE IR B R 27 2ng/kg . 2, 4-AEFE G AR
] i b 2 — 28 b A HI(ER 156mg/kg,
WIS PR I S A 2% SRR A R B

F2 ZMRERMESPIRIERIERITTTRE, HORREL J5 IR, R SRR

Table 2 Linear regression equations, correlation coefficients, method detection limits, precision and spiked recoveries (n=6) of three

nitrophenol compounds.

i 37032014 | MR 00 | CHETE tiﬁﬁg e | o
N O | KR - " itk 2] Heks Herks He'ke
HEmLEY | AEmATR | R . R KRR Kot (1n=6) (n=6) (n=6)
» |* ek (ng/ke) " R RSD | % RSD | FII#H RSD
WD | | @ @] @
2,6- R | 52174209327 [09997| 0.1 - - - 617 54| 703 44| 685 46
2, 4- IR | )=539061x-151658 | 0.9992 | 0.2 80 - 147 732 59| 908 38| 795 35
4-REH | )=307087x-20313 [0.9999| 0.1 40 20 3.95 629 76| 132 35| 632 44

TE: “FOREITEARY KA.
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Determination of Three Nitrophenol Compounds in Soil by Ultrasonic
Extraction-High Performance Liquid Chromatography-Mass Spectrometry

OIAO Songfen, QIN Chong, LIU Aigin, AN Caixiu, LIU An", YANG Lijuan,
SUN Kaixi, RAN Zhuo

(Hebei Research Center for Geoanalysis, Hebei Key Laboratory of Mineral Resources and Ecological Environment
Monitoring, Baoding 071052, China)

HIGHLIGHTS

(1) For the purification of soil samples, alkaline aqueous solution was added to the extraction solution for liquid-
liquid partitioning, removing non-acidic organic impurities.

(2) This method had high sensitivity, and the detection limits of 2,6-dinitrophenol, 2,4-dinitrophenol and
4-nitrophenol were 0.1pg/kg, 0.2pg/kg and 0.1pg/kg, respectively.

ABSTRACT: As important organic chemical raw materials, nitrophenol compounds have high toxicity and
carcinogenicity, which can be transmitted into soil through air and water, causing pollution and endangering human
health. In the past, nitrophenol compounds in soil were usually determined by gas chromatography and gas
chromatography-mass spectrometry. The derivatization was usually required to improve the sensitivity, which was
time-consuming and cumbersome. To achieve a rapid and accurate analysis of the three nitrophenol compounds in
soil, a method of ultrasonic extraction-high performance liquid chromatography-mass spectrometry (HPLC-MS)
was established. The nitrophenol compounds in soil were extracted by ultrasonic extraction with dichloromethane/
n-hexane (2 : 1, V/V), and a strong alkaline aqueous solution (pH>12) was added to the ultrasonic extraction
solution to remove the underlying organic phase. After the aqueous solution was adjusted to acidity (pH<2), three
nitrophenol compounds were extracted with dichloromethane-ethyl acetate (4 : 1, V/V). The extraction solution was
concentrated and diluted to 10.0mL with 10% acetonitrile aqueous solution, and then determined by HPLC-MS. The
RSDs of three nitrophenol compounds were less than 10.0%, detection limits were 0.1-0.2ug/kg, and the recoveries
were 61.7%—90.8%. This method has the advantages of simple pretreatment and low detection limit, and can be
applied to the determination and evaluation of nitrophenol compounds in soil.

KEY WORDS: nitrophenol compounds; soil; ultra-sonic extraction; dichloromethane n-hexane; high performance

liquid chromatography-mass spectrometry
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