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Abstract : The production and refining of m-nitrobenzoic acid will produce a large amount of wastewater with high concen-
tration of nitrobenzoic acid isomers. In order to select and optimize the technological conditions for wastewater
pretreatment , it is necessary to separate and detect various nitrobenzoic acids in samples. In this study,a method for the
separation and detection of nitrobenzoic acid isomers by high performance liquid chromatography is established. XDB-C18
column is used , methanol-water( pH=3.0) ( volume ratio 35:65)is used as mobile phase,and the ultraviolet detection wave-
length is 267 nm. Effects of composition and volume ratio,pH value and flow rate of mobile phase on the separation degree
of nitrobenzoic acid isomers are investigated. The results show that the linear relationship among o-,m-,p-nitrobenzoic acid
is good in the range of 12.14-194.0 mg/L, 13.78-220.40 mg/L and 6.45-103.20 mg/L, respectively. The correlation
coefficient R is greater than 0.999 5,and the relative standard deviation is less than 1.04%. The analytical method can be
used to provide an analysis for the pretreatment of refined wastewater of m-nitrobenzoic acid.
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K KA BR T 4B 8] X SRR F R AT , 18 A5 A SE R AR A LR XA B Kk 22— S TSR
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4-JRFE 3R EER (1,4 ,5-25 = FRIR S JLAMRR TR BT, Uk T S AH i 80RO 83k vl DA B vh 2 25 1
FRILAE Y 5K A . TR 0 RTBOR € 3k vl LA 40 8 000 A R 2 20 A Jo ) R 2 Y IR S R AR, o
FEAE P T T IR T N R AR R 1 A B I a2 K P AR R A DR A AR Oy i R ZE B AR DL
P DU SRR | B~ FRIHG Ay IE S0 AH 1A 22 ) i R R SR R R A R R A 40 R % R TR 5 %o il i R
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SN I IT A 57 8 7 v R IS R 2 FE T AR X il R R 1% T A S 38 1A 42 il 0 BT, 4 S 8 BH R SO
7R )R R 248 R R T 2K T 7 2 s bRkt | R0 M T A Sy T s 5 4 Y JRONS ) 32 7K 1) Ak 3 R ¢
PHZ K G IRAL K AR B AR FT T i,

1 3SR
1.1 XE5RF
1.1.1 %

AR X Agilent 1200 BUEAH (3% R 40, Bi VWD AT %% ( 32 F Agilent A ] ) 5 (635 FE : Agilent
Eclipse XDB-C18( 150 mmx4.6 mm,5 pm) ; 54N OB B UV-2550( H A By Al ) s il g e . U8
JEFLAEZ 0.45 pum; BRFE pH 1T ; sartoriusPB-21Milli-Q (f&[E FEZ I A 7] ) s 4K HL: SAGA-10TY (B it
Gy Gy ik G BRAA T ) 5 M I BE AT . KQ—-300DE BUBCHE 75 I e % (B L 75 A2 A IRA F] ) 5 740t
Fo - BEEHT OHAUS (S 0.1 mg).

1.1.2 XA

FH L . (0 ali s SR < 3 7 2 5 B 2K 2045 wm THALUB RS U8 s AvfEie it SBAHFE R R (o-NBA ) (4hiFE
91.8%+1.0%) . [AIEFEA H R (m-NBA) (4l 99.5%+1.0%) YT iFE7E H R (p-NBA ) (4l 99.5%+1.0%)
(W [ 3 E-RIEFRALAAR).

1.2 GHEHeIESEY

TEAH - LRI (pH R 3.0) AT EL 35:65; i : 1.0 mL/min; #Ei .30 C s K% K . 267 nmy;
HEFERFL .20 plL.

1.3 FREFRBRE S

A3 REHFR EE 0-NBA .m-NBA Fl p-NBA $RyfERER: 0.052 8 £.0.055 4 ¢.0.025 9 g, i sh A g -4
10 min, AR EFH, A2 100 mL 2 F I BUE. FLHIHY o-NBA \m-NBA Fl p-NBA fiff &5 1% i i 53
4 485.5 mg/L.551.0 mg/L F1258.0 mg/L. ML I 3 Ffifs £ h 4543 311 X 0.25.0.5.1.0.2.0 4.0 mL & F
10 mL 2, ISR E 2, Beil Bl 5 AN R B2 TR A An iR i MR BE LN 1 .

Kl 12 3 ShRUEIR G S TEAS SCHA 2 I C i 55 1F T I i 4.
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Table 1 Concentrations of mixed standard samples 200 L
of 0-,m- ,p-nitrobenzoic acid > m-NBA
= 1501
BERWHE/ (me/L) )
Y w100 p-NBA
0-NBA m-NBA p-NBA
50 -
1 12.14 13.78 6.450
L Il
2 24.27 27.55 12.900 0 5 1 6 3 10
3 48.55 55.10 25.800 (552 5 /min
4 97.10 110.20 51.600
S - A S O A A O it
Fig.1 Chromatographic charts of nitrobenzoic acid
L N mixed standard samples
2 g P
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7. L2 AT, 3 B LR B R S A AR s R R A 3 #E 267 nm A7, IUEEHE 267 nm S IBUAR 5535 (9 A6
HUME
2.1.2 AzhAReyikiE

LR 1 i 3 SR AN BARY , B 48 NG - B IR — SNV . S - SRRV T - W R — L
VORI B — 2 PR VAT 4 Fh R s AT 3 Fh SR A 1R 43 B 250 A S ). S 56 i sh AR R EE X5 35065, Tt
SHAHAY pH 728 3.0, i A 1 mL/min, SEE 25 UKL 3 Frzs. MR 4G m-NBA  p-NBA 4 83 Bsf [a) A1 06 58 154
m-NBA 5 p-NBA Zr&5 B R, Y sk 2 s,

— LI AR

5c, . ---- LI-Z TR
W I P B A B
i v p-NBA [ S W | G FR - LRI
o3 3 H
2N\ 2 Lok
X VoS N L G
= =
f :
0 ! ! R ’_._-"\ ..... [ —— [Ep——— ’_.,-I "\,_.’\‘
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K /nm {5 B HF [ /min
B2 AR BRSSO i B3 FehiE AR TR % R S I A

Fig. 2 Ultraviolet absorption curves of nitrobenzoic Fig. 3 Effect of mobile phase composition on chromatographic

acid standard solutions peaks of nitrobenzoic acid isomers
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Table 2 Effect of mobile phase composition on retention time and separation degree

I (R B 1]/ min R
o-NBA m-NBA p-NBA R,
N -BEIR — SN 2.174 3.447 — —
CNE- LR TR 2.440 3.665 3.815 0.910
R Bl i — A VA TR 2.621 7.857 8.456 1.750
F B - L TRV T 2.705 8.720 9.615 2.380

PP 3 3% 2 ATRN, B 2806 T () 57 MR Al 2 45 R IR 20 B ORI T SR MR &R Xl R #h T 1
FORR @ TE R S AR BRI R T 0. FEAR R A AR FL BT, 200 A SR R 0 B 5iR DAL 7 2 R 3=
IR T IR A O B INF RV BE, 0 g 22 TE WV R R b S IR — AN P IR R AR LE , ZPR1E m-NBA |
p-NBA P ESEERT 2. X B i TR B RE bl A LR, — i R JRE ] 400 o e 2, 348 26 2 £ [ %€ A+ L
f i B I 1257 i B0 ) B R A 3 A T 25 . A TR AT (8 e P 43 B8 B R ST 1.5 I
T BTSRRI A SCE R R RS- L IRKVR O T S A IR R
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2.1.3 A pH L8 ok

VUV pH (LRSS, T S s g0
(ITEAEIE 25 B S R AR . LASE 1 o 3 SR LA s P
SRR TR LSRR, R [ o
FHASTRMARR 2 12 98 775 3k 2l AH W %) pH B 43 51l E

Ve — W g b i
2.5.3.0.3.5.4.0,4.5, F WA pH TR = | ’
FHR 3 [ 3 S e 1A 43 5 5 . S5 v 3 sl A R I S

i VAN
ﬂltti’«‘]ﬂﬂ Vﬁf}l :V/ =35 65\?}%{‘5\%?‘7 1 mL/mm,?E?% 0 é ‘\1 \6 ‘8 1\0
il 4 Bz, BB min

ARE , WA pH RS T SR T o Hr El4 FhiE pH R 5 P S i B
Ei/‘J pKa TEHTJ‘ y ﬁﬁb ?%}E%Q&%}E E‘J m%ﬁ/; y H’f»{ﬁé’ % 7[’? Fig.4 Effect of mobile phase pH value on chromatographic
e ﬁﬁ_ng‘zg] . B TAB B SR SRR R R & peaks of nitrobenzoic acid isomers

% pKa {H51 5124 2.16.3.47 3.41, MU shiAHY pH KT HARR pKa B, i HEoR H R 2 DU ER B 7
m-NBA 1 p-NBA 1 pKa (B 22 580N, g AH pH 09286 XF HAFTEI 2R 73 18 BE S 0K 42l A pH B
KT 3.5 0, m-NBA Fil p-NBA DA FIER BB A ALAE , 43 25 38 RIUE 1 4 340 pH (E/N T 3.5 B, m-NBA Fil
p-NBA LISy FARSAFAE B R T RGE I f 2 5. B 4 0T 0L, 243 s Al pH (5 KT 3.5 B, m-NBA #
p-NBA AAEAYES ;4 shAH pH (E3A5) 3.0 LA F A m-NBA Fl p-NBA [ 53 85 7] 1k B /01 A BEK | 4388 B K
T 1.5.
LRA 7 IRy B NG SIAR Y pH (X ik A2 A, BE BRI S A pH {EH 3.0.

2.1.4 AhAARRILE R R

PIZ 1 3 SRS ARUERE R TR DL B - SRR (pH =3.0) AWM , 7808 1 mL/min, %483
AR R 1 - RV IR PR T B B8 R R[] S Ay 1A 208 FEE R0 A F T RS20 AR m-NBA (p-NBA

PR B IR A ST B R, SR ANER 3 .
£3 RHRGRLTRBEE S E WO

Table 3 Effect of volume ratio of mobile phases on retention time and separation degree

£ B8 B} 18]/ min Sy g/
Vigm *Vzmrn R

0-NBA m-NBA p-NBA m=p
25:75 3.371 14.16 16.67 2.430
30:70 2.938 11.47 12.64 2.420
35:65 2.602 8.570 9.440 2.310
40:60 2.327 6.473 7.107 1.820
45:55 2.127 5.013 5.462 1.380
50:50 1.958 3.829 4.126 1.040

MNFE 3 0T B A U S0 AH R B 0 3 R, 3 i LR R R () 3 S A AR Y % B )R] B m-NBA 5
p-NBA [ 5355 BBl /1. 33X mT RS2 PR R A S AH € i ) PR BSEX i 6 FR TR P VS A BB 1 R 10K Bt T 8
AE Y FESE L A8 8 1T D ST XA S VS A i ) i A A £ R A v A O B B E) 46 6, m-NBA 1 p-NBA
A3 B BEV/IN. Y B R FR LK T 40 B, m-NBA 4355 BE/NT 1.5, KRR A H 4> B B2k, 2 B & R A8 i
30 B, FF i B PR BA B TR 3K 2555 25 BB 3 AN 43 A s 1) o9 7 1 PR 28, e R sl A P BR8] ( Vi V)
} 35:65.

2.1.5 AFBHMAEA TR

DL 1 3 SR A ARERE S X 5, 25 5 SR A T O A2 43O B I B) B2 m-NBA 5 p-NBA 4355
ARSI, S TR S AR EE N Vi 0V s s = 35 265 B0 Ky 267 nm , SLB6G45 R A3k 4 FiR.

1% 4 W, BEE T S AE T A3, 2 R XA 6 R AE S O B IS T 20 8 B R s MR T
1.25 mL/min B} ,m-NBA Fl p-NBA “NAESE 250 2. £5-6 75 T84BT B (8] F0 43 25 B 6 £ 3k gl AH T 3 o 1.0
mL/min.
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Table 4 Effect of mobile phase flow rate on retention time and separation degree
|2) H
W/ (mL/min) BRI/ min %f%‘ﬁ
0-NBA m-NBA p-NBA mp
0.50 5.291 17.56 19.41 2.810
0.75 3.504 11.38 12.56 2.550
1.00 2.705 8.720 9.615 2.380
1.25 2.076 6.536 7.188 1.920
1.50 2.125 6.389 7.071 1.470

2.1.6 AR &R T ke FE

IR HOR R BE B 5 MREAREE 20 nLOPREEMRE DL 1) #2118 1.2 B 2R BEAT il 2 , 4514
BETBIHERE 3 UK, 45 21 WR0AR 1315 121 Jm AR 0 T 530 06 T AR, AR 40 2% /1 9y Joi 1169 0 1 AR ( A)) - B4 (L A A R 36
(mg/L) 73 HIVERRMEM L. SERFR 75— V0 Bl A e 55 0 iin RS 2 R O 2R, 3 M il 228 25 T R 1YY [ 1A 5

T ZRPEAR O R B A - ZRanIE] 5 P,

TOO0T o rafibes 120000 o prpert i
6000 — gy otk 10000 - — g 4ilhizk
5 2000- S 8000
E 4000 E
B 3000 B 60001
L0 B 4000
2000 1=33.26x+8.801 1=45.81x-68.27
10001 R*=0.999 8 2000 - R=0.999 6
Il Il Il I Il Il Il Il I
0 50 100 150 200 0 50 100 150 200 250
W% /(mg/L) e RE (mg/L)
(a) o-NBA (b) m-NBA
10000 a0 proebrah
8000 — WEMhLk
Z 6000
i
;‘é 4000 -
1=81.96x+8.180
2000 - R=0.999 9
Il Il Il Il Il I
0 20 40 60 80 100 120
W% /(mg/L)
(¢) p-NBA

5 WEXRRRMENSHLE

Fig. 5 Fitting curves of nitrobenzoic acid isomers

LS BT UL A 8] KRR R 3 S AE 12.14~194.2 mg/L ,13.78 ~220.4 mg/L F16.450~103.2 mg/L 4

MRl NER IR R RLAF (R PR T 0,999 5) .

PAZ 1 3 SARMERE SO XT R HET 3 UCFATINE IR A 07 L RORG BERE . [RIIN, 20 5 R4 7 12 A

R 2 AR A RGN PR B e B, 25 R Ik 5 B,

RS5 HEFRRIVEFRSTHIIRERZENR

Table 5 Standard deviation and detection limit for analysis of nitrobenzoic acid standard samples

PR ST FUIUE/ (mg/L) MEE/ (mg/L)  MESPFIIE/ (mg/L)  HIXIARIHEMZE /%  #IBR "/ (pe/L) BB ™/ (pg/L)
1 48.55 47.99
o-NBA 2 48.55 49.00 48.52 0.65 7.850 27.30
3 48.55 48.57
1 55.10 54.86
m-NBA 2 55.10 55.87 55.33 1.04 6.430 22.26
3 55.10 55.27
1 25.80 26.03
p-NBA 2 25.80 25.26 25.57 0.94 5.630 21.78
3 25.80 25.43

w R IBR . FH(S/N) =3 I g R B 5 =+ B BR . (S/N) =10 g i R0
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5 TTLIE H, 4B L TR] i BE 2 FH R B AR v Al 22 MR 0.65%  1.04% Fil 0.94% 5 FHoAs: I B 5 15 4
5.630~7.850 pg/L; E PRGN 21.78 ~27.30 pe/L, F5E Tl 43 Hr oK.
2.1.7 mAReEnic R L
F T 7K A PHE T 5 B 2 R R 5 i T B P K, B R 1 T 2 5 R 4 SRR A I A U
10 mg/L Fl 50 mg/L AYAE AR FH R TR G Fm IV, # R 1.2 19 2% 1000 2 ot 5 1t CPA T 3 3 9k, O
BIE) R RICR 25 R a3k 6 Fis.
F6 MIRERERR

Table 6 Recovery rate experiments of standard addition

1353 73 HelE/ (mg/L)  JbFE/ (mg/L)  WHEAE/ (mg/L)  MARIMEE/ (mg/L) bR EIE/ %

o-NBA 24.27 10.00 34.42 10.15 101.50
m-NBA 27.55 10.00 37.16 9.61 96.09

o p-NBA 12.90 10.00 23.11 10.21 102.10

AR 1

RA R o-NBA 24.27 50.00 74.74 50.47 100.90
m-NBA 27.55 50.00 75.69 48.14 96.27
p-NBA 12.90 50.00 62.12 49.22 98.43
o-NBA 97.10 10.00 106.80 9.72 97.22
m-NBA 110.2 10.00 120.70 10.45 104.50

o p-NBA 51.60 10.00 62.18 10.58 105.80

A RV 2

e - o-NBA 97.10 50.00 145.40 48.25 96.49
m-NBA 110.2 50.00 160.00 49.77 99.53
p-NBA 51.60 50.00 104.47 52.87 105.70

M 6 AT, FEAS RV B (A A 2 2R R AR iy HROI AR TRI R BE A A e, L [RLISCR A4 7E 96.09% ~ 105.80%
ZIE) 56 Talk a3 by B EER AT AR A il L8 FH R TR G A o 1t o AT Y 7 .
2.2 ELEREMSH

R J22 7K B P TR 5 A 6 R R 1) & 1, 1AL 6 T, SR R A A Ve i T A B 58, I T ST
[ 53 AT 5 R A 3T 2 r B B KR BT 7 it A T A AT SR 45 SR ANk 7 Rk 8 IR,

o-NBALSH
,m[“l L L 1
Wbk — | —SLEiE P
it [ E—
T I
e

6 WHEAFABIZRER
Fig. 6 Process flow chart of wastewater treatment
BT mL AR BT Z 2T BKEE TR S AR i 1 F B 2 A i M R A ZE PR R N, 4 BRAS ST
RN E TSR A AR R Y 5, I R ANk 7 B,
KSR B Y 0-NBA p-NBA HLFRER 0.061 5.0.035 2 o, TS AHA I 7 10 min, B AR
i, 22 100 mL Zg A, I B R hn v it 2 i ANV A, 8 RS SR 2% PR I A il SR
IR &5 i, o0 LB RE 45 2R A3k 8 Fm.

xT KESHER *8 EIREFERISIER
Table 7 Analysis results of actual water samples Table 8 Analysis results of recovered solid samples
) B/ (¢/1) ) Hor &/ % )
FE [ FEmAiE/ %
o-NBA m-NBA p-NBA 0-NBA m-NBA p-NBA

il Sk 127.50 22.05 17.86 o-NBA H 100 0 0 82.00

U 1 103.17 11.74 2.95

P 2 3.4 0 0.08 p-NBA HLi 1.24 3.42 95.34 90.34

M3 7.3 8 Al 1, Gl ik s 80 R €3 3k ml o A K AR r R R 2R T IR S F A BT URAL [T HACAY o-NBA
p-NBA BYZH A, I Fh A o g 24 ] 153 T 25 BB 7 e g e P S g A 1 Jo e 52 R [ WACREL o 00 2. K o I
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IR AE AR, T S 0 A R YRR I T i R A R A XL, TR 2T 5 20 T il 22 Y R
il K.

3 4w

DL SN 2 FR S8 AR 22 R T s A (IR R 35:65) i 1.0 mL/min  J% K 267 nm 22486 2§

AT DASEILAR | T] | XoF i 8 H R[] S A A 1) 2 8 R 1 AT, 08 ) % i 4 FH R 43 U 7 1214~ 194.20
mg/L.13.78 ~220.40 mg/L i1 6.45~103.20 mg/L JE NN X R RIF(R*PIK T 0.999 5) , HABARAIK
BRI BB W6 o B A AT oK. AR SO VA AT AT Ay [ i 5 4 P RN o 1 7K Ak 34 L 7K R B % D A Tl
W o-NBA  p-NBA 7= 5 i 40 #r.
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