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1 FE. [869] S ATHEBRA R KA b ey 0B £ A4 (BPs) @A £, KA S A4ie, [ k] @ tiets
M G4, 35T R B AR 3 A% BPs 89 & sk Al &3%-38 & (HPLC-FLD) #t| 7 k. @i tbiiidiffed oo 2 A48T
St B A AR I S, R E WGBSR AT T k. AT SRR AN, AT ERAASE A R R P £
% BPs 09 R B R B AT AFAE, 2 T &k RAF69 HPLC-FLD 40 7 % . [ 42 % 1 3@ S (BPS) #9 LOD % 0.2 Ly/L;
RE F (BPF) #=x@r A (BPA) #9 LOD 3% 0.02 po/L. 4 F AKAE 2 & S AL G 697k m DIk % 34 5] 76.69%~99.03%.
# R RALARM P BPF 094 th £ Aeth h 285, K hF9 514 100%4= 88.89%; & KAt &9 A% 1.45 o/l F= 587.4
Lolkg. tAR4 T BPF. BPA A= BPS 89 i & K& R & 4 K48 ¥ 69 962.95, 871.82 4&4= 72.81 45, [ 4] AT &
FREME S, RRAHOAEARE LLIE R HiE T, BPF 4= BPA S A £ £, @ BPS M5 A& T K+,

BPF A Aok A ) &4 3 8E K B i A2k b 69 % BPs.
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[ 50  LY E &) (BPs) 4k 6
R ISR LYE (EDCs), HAXm A
(BPA) CLHiF sz e A A et pl ™ o fes 02,
I, EEL R, BRR S E A O L
£ ARl R 22 ] BPAR, JL 8 4R i XUy F(BPF) .
Xy S (BPS) TR T Lol AE, e i e,
R gl BB, PR AL, (HFIFER
1 WU T RO AR ™. H AT, BPs £
FRIREE LLR A it i DA e, (AHAEEE R
Gi AN AR . DRI, ASHIE ST X HE R VA B K R AR
Vi BPs (R WRFERI A REAE AT T, S ARk
ARSI ERI R = A B EE R .

[t 503k F Y3 AT BPs RIS I 7 v AL HE VA 1%
i SR RS- RIS (HPLC-FLD) . iAH
IR (HPLC/MS) 45, HPLC-FLD A&
REETIER] ug 2%, 5 HPLCIMS J5ikAs A4,
PRI ML AE SRR BPA (R4S I rh S P2 o 0 PRI

YFs BER: 2022-07-06

HEEWB: F o XkEEGRFEEELTNE (CLPSP18GZ02ZC95,
G-201906-01); 5 2 K2 AR B H Al Gk I Zhit- R0 B (2022 4E1 2660)
fEEEN: PHEMA (19772, Lo @ISR, B, FEAFEREIIAK
b5 BB 78 . E-mail: luohuili@hunau.edu.cn

SE/KFER H AL BPA WKEER, SR HPLC-FLD
R EMETE RN 0.1~250 pg/L, 16 HIR (LOD) 5 0.03
ug/L. Vilarinho 255 T HPLC-FLD 20 i S Sk v
i) BPA #E47 T #:ill, LOD >4 0.005 mg/kg-

H AT, [ N AMHEICHT 5T B T R K
Lo iR i BPs il fn Wang 53 Mt 1 BRIT IR
WK A BPs, &I BPA il BPS /& H A i)
BPs, Jii & 43 71 A 34.9 ng/L A1 24.8 ng/L. Y mazaki
SEBUGI T H A, SR L E A AR R I
TR 8 Fh BPs, 7K i H kil H BPALBPS #1 BPF,
Hh BPF J& HAS, # A E BURE X I8 2R K A
BIRFE m AENE BPs i, HoPBsimgis
BPs ) 70%. Yan 25UTf b KI5 AN % i 7K e o
7 B BPs [ EIRE, KM BPs FEIKEN
1.1X0° ng/L, &3 T35 (5.0<10° ng/lL). 2 4
YA BPA TSR FEAHIT, {HKIIH BPF 1 BPS Jit
BRI R . 5 SO L P R R H - B Lot
AbEE, TEIESOMTTRE IR AT H BPA ISP i & 4
¥k (377.54228.0) pg/kg. Huang M0 Ji i
YRR TR &8 P SR I -k 4i dtifh fe, ARSI 11 Ff
BPs, F BPA I BPF [f#6 HH 24 100%, i Kkt
I B # sy o 19704 1390 nglg. [UIA AT 2R
1M, H A A I A S Hh KRR BPs
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(A RIE, FIH HPLC-FLD kA #Z# BPs
[RRIE T LD

AR, BiSE . KIS = i BPs (1544415
BT HVE, Lu 2510 32 [ T 7 b RS MUK R RE SR
Rl R BT B BPA K, FESECN
0.2~9.0 ng/kg, FWH BPA T RE) V2 AA 1 T Hrff & it .
X £1 T A5 SR (9 B 8 R K K T BPA
A1 BPS, #R32F/K # 1 BPA # H{E 4 518 0.172~19.6
ug/kg F10.164~17.3 pg/kg; gk f7K R E BPS B H
8N 0.014 2~5.44 pg/kg A1 0.012 6~0.529 pg/kg: —#
TEGE S BR HIRFE Y & T K R o X SR 5035 Je i
BPs [ii & Tl &K AiETG5K GRe) rHes™ T 4g
HENFEHER S0, 102 HEBEE A AR FNAR 7= i A7
BB P BRI | i 22 A RN T B A R o PRIt
BYITEEI RS OB EHE R S BPs RS IRE
By ARRHAER F o

[ 0L kP S 1) L ] ASHIE 735 BUAE M /K P G
R B ) BPs (BPA. BPF il BPS), @ikl
S S 0T [ G HE X 3 A BPs 1) HPLC-FLD #6:3l
Tiiks B S H A ATV S K R (R Ak B
T KRN RG HH IR &R RO TR AT
e HorP R E ) BPs. IRFE AR . AT 4G
Xof F AN ISR R = o 2 4 AT AU S

1 MBS RE

1.1 IR

AHIFFEHT FA A% 2 LS : LC-20AT R R0
R, RF-20A Ztkillas (HA SHIMADZU &
7], AUY220 - KF(0.000 1 g)( HA SHIMADZU
AT, KQ5200 HY %4 ik A CES Ll b A 4
BHRAF) , TG16-WS G REEE LHL (Kb
CE DA AR AFD »

1.2 R38 AR 5

AHIF 5T BT AR SRR T B HE: ArdE W A
XUy S XUy F (=99%, _Ligbilr | AR R E
FRAFD; HEE (fifal, £E TEDIA AwF]D; HEE,
ECkE (ortiral, B2 e AR AEK .
1.3 #&M AL
1.3.1 AR/ iR 69 AL )

WERAFREL 0.01 g [¥] BPA. BPF Al BPS Frifi i &
7100 mL KRR, R (s EgiE
JEZY, A 100 mg/L AR AERE &, T4 CHMFT
TRAFAF o ar U s P 1) — g W FE R VR B A AR T VR o
1.3.2 #&m &4

Venusil XBP C18 &34 (250 mm>4.6 mm, 5 um);
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KR 30 °Cs VshAHAHEE @ K=75 1 25, BEIREK
280 nm, K 5HK A 310 nm, Y A 0.5 mL/min,
HEFEARRCAN 10 pl.
1.4 HmERERBILE

+ 2021 4F 11 A7E 3 REAMEMHER RS,
F IR LA R ARV B K BER TR AR S 35 9 AN, IR
REEEE, T 4 CIRRAMF AR TURAE S
AURTE B 100 H i H . 3 RE A #E
BER G5 A Ol 48 AR Bt K Fe i 56 FH V5 32t
KHE (DJ1. DI2). H/KIE (DC1. DC2); @ifimsk
MV K22 [ SRS 3E /K SR (CL. C2. C3); @)idk
HAE/KHE (T1. T2).

B TR K B RA Z , AARES FR KR 5 5l
23 PEAL BT B O A H S ARSI K (D B XFESO
JE HRURIA . SRER VTR AT P2 U PRI . B
WAFRTTVEI R : Ol ygabEE: £2% Wang 20 Jin
TR ST, SR 0.45 pm S35 27 2 o k47 5 4k
H, JEMAI . @B OALEE. B 50 mL ZKFELL 4 000
r/min 38 250 5 min 5 B EIERARI . @R (T
T $2EL: JKEELL 4 000 r/min 3 B0, KT
IR R B HE s PTARARS, Bl g (F
i, FEWE0.019) FEMETHEM Y. 251
SR Mg R b BT R, SRR EDREL 125,
SH AN IE Qe CARRRER 10 1) #8 A $2EL 10 min,
FELL 4 000 r/min (38 5.0 5 min, & 3F BB, i€
AR, A HEEAZ 5 mL fAFll.
15 #IEAIE

I HHE K F Excel. SPSS. Origin #4748 i+ 47

2 ZEREDH

2.1 MFHITRE

1) A A BB

£ 250~300 nm i [l N R ORI, I 3 Fil
VIR 57E 280 nm AbAEFE SRR B . 7 250~350 nm i
P R ST K, 7E 310 nm ABTEAE B o G R 5 -
Rk, PR WK 280 nm, KT 310 nm Ak
MK .

2) LIRS I PR 5 e

K 1 NHEE k=751 25 IF, N 0.4,
0.5. 0.6, 0.8 mL/min i}, 4l BPS. BPF 1 BPA i
Fr (1000 /L) HInERE . 3 A H AR 1) 5 55 FE AT L
B 225 . WE A 0.4, 0.5 mL/min I, 3 ff BPs f¢
TR UF Hb sl 43 BSASI s T E N 0.6+ 0.8 mL/min i,
YIRS 2, AR TRl .

CRE IR BB R[] SR i R TR
FERZE, WERHEN 0.5 mL/min.



D HH] 5

VR 1 TR 7K T XUy AN B WU P2 5 7 A R ERIT 7T

a BPF

BPA
EU

EU

EU

EU

It i) /min

B 1 ikt BPS. BPF #= BPA (1000 pg/L) A&7 649 %t
Fig.1 Influence of flow rate on detection of
BPS, BPF and BPA (1 000 pg/L)

3D VBN AHRHAS I £ 5 Ml

WIE A 0.5 mL/min B, ZEJRBIAH CHEE @ 7K 1)
AFEHH (955 (a). 85: 15 (b). 75:25 (c).
70:30 (d)) K, 3Fh BPs (100 pog/L JEFR) I
S 0 e 7155 5 L ] 2.6

sl LA EORRT, 3 Fh BPs 143 B
7 L LG /N 5 o D9 /), st o) S8 7
H 3 P i OR BE I [ 350 P e o 25625 FE o 43
SRR S, Y ShAH LR B FRE ¢ JK=T75 @ 25,
2.2 RT3 AR N [E WA IE

D a2

MRHE UL kI as A, W kil 24 BN
FIE D 7K=75 1 25, BRI A 280 nm, KAHEK A
310 nm, ¥iiE 0.5 mL/min, #BEFEAAFL 10 pl. K
BPS. BPF il BPA li &K E N 0.2, 2. 20, 100.

200. 1 000 po/L HIREFRE. LS SR RS,
TR AR, 755 BPS. BPF. BPA [fihnui iz
y=85 393x+3 633.1. y=887 837x+12 814 Fl y=746 992x+
9 694.3, #HX R ELR 4351129 0.999 3.0.999 8 #10.999 8.
HRYE 3 545 1 EL A € LOD, BPS (1) LOD 4 0.2 /L ;
BPF A1 BPA ] LOD 47} 0.02 /L.

BPA

BPF BPA
BPS

BPF BPA
EU

BPF
EU BPA

I [8)/min
B 2 ##h48s BPS. BPF 4= BPA (100 pg/L) 40 &9 %5 v
Fig.2 Influence of mobile forum on detection of
BPS, BPF and BPA (100 pg/L)

2) I EniA s

DLAE VAR K CRORLIR FE 2.04% ) 47K Al sk
56 = MR SR I o R 2 AT RS .
174 42 7K 1 BPS BPF F1 BPA [ H & 43 5 0.42.
1.27 /L F1 0. 2i/KAZs [ 3R R BPs.
I SY 59 204 100 pg/L. VALK IR INEE 7 5l
Fe iR 1.4 Hhad AL, FRid RV RKQ@; B0,
FRICNTEIRK®@. fiKF-LEMEE Atz 1.4
(AR BE T 32 AT A3 . [ SC 3 R ) A vl 22 &5
W 1.

& 1 e E A s AR R £
Table 1 Additive recovery and relative standard deviation

ik PR R (g L) SlSall
HAEYINE) HAEYIN@) afizk +
BPS 20 85.24 (3.60*) 99.03 (8.25) 91.80 (2.18) 87.92 (9.30)
100 76.97 (5.31) 92.79 (7.02) 104.93 (6.45) 80.22 (7.15)
BPF 20 80.59 (3.94) 76.41 (7.29) 87.25 (3.85) 81.55 (5.42)
100 71.39 (3.57) 78.57 (6.14) 98.77 (4.76) 75.42 (7.06)
BPA 20 67.48 (2.85) 77.09 (5.33) 77.65 (2.69) 74.09 (5.36)
100 69.77 (3.61) 76.69 (4.24) 90.16 (6.71) 77.94 (3.20)

i

*PIRARR BRAE I 2 o

HIRKOZ 0.45 pm L JELS 0 S, BPA I
InECR R, 42 5A 67.48%F1 69.77%, 14<70%.
B R VAR K@AT, BPA BN IR RN = 114
=KD, N 76.69%7F1 77.09%. tLH% BPS A1 BPF iR
InECR, IR/KOAN 71.39~85.24%, JAE/K@N
76.41~99.03%, & Wik 368 A B (1)) YR KRR S I [l i

T B O AR, PRR 2O A B 3R A7 i T AR B
i KR, 3 BPs I E N
77.65%~104.93%; BPS )72 &R (LOQ) 4 0.2 pg/L;
BPF £ BPA [#] LOQ ¥J24 0.02 /L. H RN B Wi
RN 74.09%~87.92%, 3 F47) )5 1) LOQ ¥4 0.2 g/l
I EORER 25 SRR, %R 1.4 h @I % KR
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AT O AN FGIR 1.4 TROMITVEAEE R,
JEHTER
2.3 IKFFRAH BPs FIFER

itk — 20 B 3 B BPs 7E /K RIRURL A7) H (1 7 A s
A )72 VA SR FR AN IR A G 72 TR 2 4.47%),
TR IN = 2R E BPs (200 pg/L AT 1 000 pg/L) #3F
TR . HIFHRSIETE 4h, I8 1.4 FQRO
R VE) YR 7K B F UKL ) 43 AT A B AN I, 45

R 3.
1200 :
a:200 g/l | b: 1000 pg/L
1000 o] R
K . ) I
~ v 1
7, 800 ¢ oyl :
% ]
~ 1
= 600 !
= 1
U 400 | \
\‘-_E\( 1
1
200 | Ii| !
1
: A Wil 77
BPS BPF BPA BPS BPF BPA
BPsfifi s

B 3 BPS. BPF #= BPA 7 Blig4a #8950
Fig.3 Distribution of BPS, BPF and
BPA in solid and liquid phases

BPA HIVRAEE &L /N, 79300 mg/L (20 C) P9,
DRI I 78 0 5 B VA 5 24 1000 /L BsF, 3 i BPs 13 LAY
FRAS IS IR KR

TR INTEIR E Y 200 po/L kI, Jk A BPS.
BPF 1 BPA [t th & 73 7o 177.75. 127.20 pg/L M
122.63 po/L; BRI R =2 Bk H = 5 24.15,
63.73 /L 1 75.30 po/L. LAKAEH 3 Fhdm 4
WA AME G, RIS BPS. BPF fil BPA 4354
11.34%. 37.04%F1 38.73%L % B FiRiy) . N
Y EIE 4 1 000 po/L i, BPS. BPF A BPA 7E7K
AH RS HH 4 )4 959.10. 807.61 /L Al 774.50
po/lL, HARTFRmE. DKM ET, =& 550
A 4.13%. 19.37%FI1 22.56%%4 % 2| kvt .

1E 2 NI EIREE AT, KAHF 3 Fl BPs
(R B 1y BPS>BPF>BPA, fifFikidy 3 Fh
BPs MBI SR EH T A . XA H T =& 1 FEEK
3B 2% BPS (IgKew=1.2) <BPF (IgKy,=2.9) <
BPA (IgKoy=3.4) P, FLL BPS H L1745 T /KA,
1M BPF A1 BPA W51 5 b 35 T-Riokidy) + .
2.4 SEFRAESRS BPs BUIRE MO RIS

SRR RERE VA I KRR NGTAR AT 4% 1.4 th@FN
@M L A fER, S5 ILE 4, H Rk
FERL 1/2 () LOQ THEF 45 R .
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W DJ: FEHBECK; DC: FEHIHIEIK; C: SEHUAYEK; T: K.
B 4 BPS. BPF #= BPA &4 f£ KAt A4 ¥ 69 IR B0
Fig.4 Content distribution of BPS,
BPF and BPA in water-sediment
THIR/KFE BPF s 24 100%, HiXks2& BPS
(K% 77.78%) 1 BPA (K% 44.44%), 3
Tl BPs K HIFESL A 4 4. BPF Kt Hfm, HAGH!
EHEE, N 0.57~1.45 g/L. BPS [k &4 0~1.68
po/L, FAE SR A Y K H A H B v TR F KRR K
BPA [Pk i AT, 9 0~0.34 o/l

DU BPF ke % 0h 88.89%, kw1 BPS
[k 2 (66.67%) F1 BPA [ 2 (33.33%); If
HAs e, BPF It &5 T BPS #il BPA.
BPF i K & 587.4 g/kg, 1 BPS Al BPA ()
B KA &2 A 98.2 glkg A1 95.9 g/kg.

TE [ AR B K H I RE S, BPFL BPA F BPS
TEVTARP B BE 2 HAE K AH AR ) 170.62~962.95.
376.82~871.82 {411 29.14~72.81 1%, X /e W BPF
1 BPA H 25 5y FRAEAE [ AH
31t g

IEBRA I, AKFEIEH 4 I O I B2 O AT b
HE , ASHIF TR AR FR VA SR OK I B A T IX 2 FhE b AL EE
5 RIS 8 A B B KRR S 0 B R A T B O A B
VYR IK B ORI 22, 1o i AR T RO A7 It 2 W o 8
4y BPs. [FI, RARKMRH BPs IREERAK, KA
B ORI 443 75 25 42 5 G, 40 Diao 5%
H1 Rozaini 2252 H 0.45 pm S 2= BRII7K 1 24 )5,
W (D AU TS 8. AR R
JeRT IS, AHEGER AN AR BES R, X BPs ik
PEIE T 5, A R BB S vy, DR AR A Al ) T4




DHH] e WERVA K XU R S IR EE 5 0 AT RFIE R 7T

T, SRELT ZKFE B O AL B 5 B ) 5

2.3 IR EG I I ) K R N T R T R S
3 BPs, RIS HAEAKFIBR A ) AT 2 5, 5
KRB 3 F BPs ¥ VKA R BIE A CRORiY)) H
M2 AN RIS 45 ok, BPA Fl BPF %)
AR, 1 BPS [ RR . 1R SERR A E
BRI, ORI (TR 2B ZK R NAR H - S B Ff o5
TEAEY) bo RE, AEEZAER KT R0+ BPs
XMV FR BRI 7 5655 AU o EWEZK A ROk A) ot
IR EE I, AR KA BPs ik A 2 LR
BOHAEE K R I &, BORI) ) BPs % 18 .

A VKA I FEBE K AR, BPF A BPS 5 Sk
FE¥IET BPA, Stk E W AR K A+ BPs [k H
AR TE . Yamazaki 25V I BPF f))% SKkFE L BPA
5 A4, W BPFAEUL X 132 {311« Yang 2%,
Liu 22450 Wang Z®17E 2013—2016 4F% A /K FEE
AT RIS & B BPS Rl BPF LA [ o S 94 P 20 8 38 o »
e e BPS 1 BPF 4K BPA 1 A & H & 5 0

X REBLK AU X 3 Fh BPs RSN A B -
BPS 5 {E/KAHFRAEAE, T BPF Al BPA ¥ 5 4776 T
BMrf. X145 Jin WG R, VR T SRR
R BPA. BPS Fll BPF )i fr 4 S —%, xHE ] 7
ANEAKT R BPs HIRT MM L L, BPF &i57R
HHETER) 2 BPs #u4k, H BPF 25 W Ti578
W, PSR HER 77 s N K IR . RIS, ETR
WIRDURYI BPF i &k E T BPS #1 BPA, —77
THI 2% B E AR VR EURE X 355 BPF [0 8T R 2 5
H— AR HE AR TR A oG Fitk, ¥
LRGP ) BPs, Zil5] #E 8 £ 67k

L 3 Fl BPs it SR K A BPs i &=k
B iE, A 1.86~2.61 pg/L, HUCNTEK. FE FHEHK.
Vi BPs BE U EMWEY R, N
630.42~766.30 pg/kg. EHVALRKFGIAYIH ) BPs
Wk Y v TR K RS I EHE K, P RE S B S Rl
F A SERACREZG . KRl R A A %,
X A$115 BPs it NEBL R A MIMER BE K. [Rltk, BPs i
NEMEHE R BEHIRIE . i85 K T B R eS8t —

4 2

1) @A77 KMPTRY + BPS. BPF. BPA )
HPLC-FLD #aill /53%, & s EE @ K
=75 : 25, kK 280 nm, K SHEAK 310 nm, ik
0.5 mL/min. iZ%J7i24E 0.2~1 000 /L 7 P AT A i
Kl BPS. BPF 1 BPA, kR4, BPS ] LOD N
0.2 Lo/L; BPF il BPA [f] LOD #° 0.02 /L.

2) 5E BRI o SR FE R KRR, SRS
VAL P BV T 908 A BE SR B . BPS T EAEAE T KA A,
1M BPF 1 BPA 1 5 BAFERURL) .

3) ARUATMFIAE D KAMPIRY)+ BPF
R RS, 508 100%F1 88.89%, HKE BPS,
1M BPA f HiAHXT D o AR+ BPF. BPA £l BPS
Jo VA ] s HLKAH T s SR L (1Y) 962,95, 871.82
f%F0 72.81 1%

4) VA IR K BPs &4 1.76~2.61 pg/L, iR
Yyrh BPs &4 630.42~766.30 pg/kg, 3 T3 K ARG
HEEHEK H 1 BPs &= AN A FE SR B HEE R 40 BPs
IR 7 3 — P A .
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Study on Concentration and Distribution Characteristics of

Bisphenol Compounds in Irrigation Ditch Water
LUO Huili*? YANG Yixuan', HUANG Yilu', XIE Zhenzeng"
(1. Hunan Agricultural University, Changsha 410128, China; 2. Engineering Technology Center of Livestock Breeding and
Planting Pollution Control in Hunan Environmental Protection, Changsha 410128, China)

Abstract: [Objective] Bisphenol compounds of different origins have been found in many terrestrial ecosystems in
across China. Their accurate detection is a key to mitigating their impact on the environment. In this paper, we
present an improved method to reliably detect BPs in water and sediment in irrigation districts. [ Method] A
high-performance liquid chromatography-fluorescence (HPLC-FLD) method was established for simultaneously
measuring three types of bisphenol compounds. Suitable pre-treatment method for detecting these compounds was
selected from the filtration method and centrifugation method by comparing their efficiency. The tested method was
then used to analyze main bisphenol compounds in water and sediment samples taken from vegetable and paddy
fields. [Result] The HPLC-FLD can detect BPS when its concentration is not lower than 0.2 pg/L, while for BPF
and BPA, the method can detect them when their concentrations are as low as 0.2 jg/L. The centrifugation method
can recover 76.69% to 99.03% of the water from the samples, and the detection rate for BPF in ditch water and
sediment is 100% and 88.89%, respectively. The greatest BPs concentration the method can detect is 1.45 pg/L for
water samples and 587.4 g/kg for sediment samples. The contents of BPF, BPA and BPS in the sediment samples
are 962.95 times, 871.82 times and 72.81 times those in the water samples, respectively. [ Conclusion] The
centrifugation method works better for pretreating the samples. BPF is the main BPs detected in water and sediment
samples taken from the vegetable and paddy fields. BPs in sediments are substantially higher than in water.
Key words: liquid chromatography; bisphenols; environmental hormones; irrigation
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