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ThEth B 2017 IRt EF o 1Y Rt L BFREPF 20
41-54 -

T-E [ (4-nonylphenol, 4-NPs) %55 RN EREE N T &K B 2 A5 EE4H (NPnEO)
{LEMEBT R EY) - TEEBM TR S BIERET RN EIE R % L
HERWA K EHEARRERZSSBETERBRRERSZ TEYE  BEREBEREH
TEMERANBRERREIBREERE FAMRENAELEHTERNTER
(4-nonylphenol, 4-NPs) ~ FF 5 i B Z & F B (nonylphenol monoethoxylate, NP1EO)
e TEIFE R — 2 E 3B (nonylphenol diethoxylate, NP2EO) Z #3772 » LIEAHE — &
(B R IEC R ) ZEEURETAT AR IE - W LR 8 AT B 5 G 1T Rl 43 4
4-NPs *NP1EO & NP2EO 175 i € £ R 53 71 25 0.005 ng/g ~0.005 pg/g 5 0.010 pg/g -
FERU 2 3 EERENEES » 4-NPs ~ NP1EO % NP2EO [ Z £ 78.0 ~ 82.2% ~ 93.4
~94.0% & 106.7 ~ 120.2% [ » fHEHZ#EJR 2 (relative standard deviation, RSD) &7
10% ° DUBENLZ o3 i 7 BT B IR 2 B H 3 Al > 4-NPs ~ NP1EO J2 NP2EO
T I % ND ~ 0.034 pg/g ~ 0.008 ~ 0.084 pg/g % ND ~ 0.138 pg/g = REFFEEEILZ
TR ERRATT > TR RITEERHRRE R LR TER S S K FE
ZBEH -

BB : TEM  TEEMAZALN  TEEH ZAEH  FENH
7 B R

e
0
=
i

Pz HIA - 2017 4£5 H 16 H
“EEIEE o Email: ths@tactri.gov.tw
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e

fe Bk By 5 2 8 AL B 51 (alkylphenol eth-
oxylates, APEOs) Fy &2 i€ Fl it T3¢ (1%
sk - B - 2 - BEEFTREE ) B
SO (E FH > R84 L E 47 (nonionic
surfactants) » BEA BAFHVIZES) ~ PEFT7 ~
FULRGEHEETT - #eEZ ERI RAE A
BB TSR B2 - APEOs f1f% 2 K
B o3 Al s TR B £ AL B (nonylphe-
nol ethoxylates, NPEOs) F137FE T 2 E Ak lE
#H (octylphenol ethoxylates, OPEOs) {E&%7
ifii NPEOs 5 APEOs 4= & 2~ 4% AL -

T A T L A A SRS MR
B &EmEr R EHEERE 2R
LB J5 (NPnEOs, n = 1-3) J & BE ML &
¥ (nonylphenol polyethoxy carboxylic acids,
NPnECs, n = 1-3) % » HJP i+ AL
&%) (4-nonylphenols, 4-NPs) % B[1 & DL F %
filg o LAY (4-NPs) HYEDH IR ( TAEE)
A R B A A HES (49°A 550 fER
F4H& 2 REYIEERE ) WA EEE
DL EYIE 2AFAE - TR F R =YL
ELEE RSN BB Y R ZRME SR (I I
17B-Estradiol - EE2) 45MEH{IL > #EEEE BN
RIS Z29E (environmental hormone) 2
— G ERMER 5 2 AF L HEHY)
( A LB R ) b 3R B s Bt
W (eI L - BETREST TR @0
EEB SO LEMY RSB —SHE Y
B S A 2R JRE FH B 8 (BT RT FE R A
THEELE - W TEMAVERAE - AALA -

TR~ STHOR R R -

NPEOs S [ E MEA 1Y T2 &
Ve 58 /K HR R B BB /K T - H AR A Bt
R e LR & 2 C A MY
RN EE | 2 T AR & St R
54.2% o AR 2 0.89 ~ 50.0 ug/L"® > H.
A Al B AR M - BRKESSN - TS5 KR
G5 e FomT Y JEJe#0 5] LU R 21
IRIEHI AR - B AR T 2000 FHYFHERUR
TR TR B A T O i i ] =5 22 250 ~ 8,850
ng/kg® » 2010 4 FHE L B 5 {5 1] 4k
32 {E] e e B T AR B Y & B #iE S 0.01 ~
47.8 mg/kg dw. - “PHEEEHIHA ~ £E
SQIE VN PagiiE e S
R R IR T K506 5 3 7R E

TR EE N A 1 i & R Z £
= 2 &, B % (nonylphenol ethoxylates >
NPEOs) & \EESERE | - HE i IR
HiEE 25 o BSNY AT E BRI
S FE A RS 1 SR KBRS Y 4-NPs Je 7%
Kl B £ A FEE (nonylphenol monoethoxyl-
ate, NP1EO) Hy& & - & RBURAE LI F DL
NPI1EO 7 4-NPs g M EIHY A = HRE
W P o AT KA R e bt v I
Bl & BRI R EHE - B AT BN
FH 4388 v - EC i & 5 9 B 0 Rl e/ D A A
HIRRTEERET -

H AT S $1 3 T B P R U7 0% T 2 gt
¥EAIK ~ BOK RJRIJEEAE - D E I ZEAUT
FAlEE IR - ERARATTAE SR —
W AH ZHY (liquid-liquid extraction, LLE) ~ {if{

—
=3 -

7 75 HU 7% (microwave-assisted extraction)
[EFHZZHY (solid-phase extraction, SPE) ~ ZZ [,
Z<HY (Soxhlet-extraction) 2 » i LUK EE & HT



I E 52 (liquid chromatography tandem-
mass spectrometry, LC-MS/MS) =\ 5 18 J& 17
& 5 # (gas chromatography-mass spectrom-
etry, GC-MS) 43 ffp (2141519719 o 5 7 | (A
FHEK o LR B AR TR E LA & A
B A /KB 2 Ml 55 © > et 35 - 9 A )
P i i A OB 05 VA TR D RHBR R ZE © AHH
e H Y Ry -8 A (4-NPs)
TR W B Z A B2 (nonylphenol monoe-
thoxylate, NP1EO) Kz T-FIRK ) — 2 & FE
(nonylphenol diethoxylate, NP2EO) - gl /5
o SRR R M T L T
Ela sl etz 2%/ -

PRSI

TR SACR © AR I R HE R
TR AR P EEREA
PRE o st 6 TR P AT R IR T M AT 2
Hit#® gaEhLEE  ZShHEE
BH BhIXERETTIHE HEL
@R ey TR mRRE
&% B R E MR EES L @
RS EREE LR BRI S/ Na T 0 BL
RPN BT ERE - B
oy BIEER A LT /K O & BN E RREZ -
Br LB AN A RER A 2 B LR -
ORAFRY 4C ALY 14 d ITHTSERK -

FRAE o~ DA R B AL - B IR SR

A nonylphenol (4-NPs; Sigma-Aldrich, MO,

o

USA) - nonylphenol monoethoxylate-branched
isomers (NP1EO; Cambridge Isotope Laborato-

B R TR 43

ries, Inc., MA, USA) Jz nonylphenol diethox-
ylate-branched isomers (NP2EO; Cambridge
Isotope Laboratories, Inc., MA, USA) » A &
#& 5 A & p-n-nonylphenol (4-n-NP; Cam-
bridge Isotope Laboratories, Inc., MA, USA)
J% p-n-nonylphenol diethoxylate (4-n-NP2EO;
Cambridge Isotope Laboratories, Inc., MA,
USA) o ZEHLo3 H7 Fe 315 1 o A 3R A PN IR
( =2 99.0%, Merck, Darmstadt, Germany) > IE
= Bt (= 98.0%, Merck, Darmstadt, Germa-
ny) > decafluorotriphenylphosphine (DFTPP;
SUPELCO, PA, USA) » N- 1 £ -N- = F A&
Wk = 58 S 177 A2 AL VBT (N-Methyl-N-
(trimethylsilyl)trifluoroacetamide, MSTFA;
Sigma-Aldrich, MO, USA) » it /K & [i&
4 (= 99.0%, Merck, Darmstadt, Germany) >
Z L3R (Merck, Darmstadt, Germany) > /< {f
% B2 #/ (Alfa Aesar, Heysham, United King-
dom) > B[ 4 ( > 99.9%, Merck, Darmstadt,
Germany) ©

W as e fff © RAHE AT E 5 (Bruker
436-GC/Bruker Scion TQ) » J& 17 & +£ £ H
VF-5ms 30 m x 0.25 mm x 0.25 mm (Agilent) »
#: - {b 5 =X B Electron Impact Ionization
(ED) » @M EETRESE & ¢ 100°C 4 2
min > DIJFEZEEE 10 (C /min) 25 250°C >
FLAT R 5 ("C /min) 25 300°C » Wik
£ 5 min © FEERFEIL 32 min (F—) -

T EEEEHU R o A ¢ g AR
N EZESFWAE L E ISO/TS 13907 J7 7k
(Soil quality -- Determination of nonylphenols

(NP) and nonylphenol-mono- and diethoxyl-
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Table 1. Parameters for Bruker 436-GC/Bruker Scion TQ

Instrument Parameter

Parameters

Column

Carrier gas

Carrier gas flow rate
Injection volume

Column temperature gradient

Agilent VF-5ms 30 m x 0.25 mm x 0.25 mm

Helium ( > 99.9995%)

1.0 uL/min

1 uL

Temperature is first held at 100°C for 2 min, and then ramped up to

250°C at rate of 10°C /min. Temperature is subsequently increased
from 250°C to 300°C at a rate of 5°C /min and held for an additional

5 min
Ionization mode
280°C
250°C

Interface temperature

lon-source temperature

Electron Impact Ionization (EI), 70 eV

ates -- Method by gas chromatography with
mass selective detection (GC-MS))"” » EH& 1
ST R TTE A LA KE @
el WA R % -
Y E > 4 NPs ~ NP1EO J» NP2EO f&
Hehh 0 DI HIRCERL 10 pg/mL 2R S 1EAE
b fif (R > PIFEAE i 4-n-NP J 4-n-NP2EO
IREAPAEARC LR 10 pg/mL 7 BEATEAE Sh G g
W IR B FE -20°CUKAE - ReRE R

&= ROAVRET R

FC 24 5% 1 pg/mL K 5 pg/mL FEAEH R 1% -
I G A& 824 (Bruker 436-GC/Scion
TQ) 7 17 4-NPs » NP1EO * NP2EO F A &
#E it 4-n-NP 8 4-n-NP2EO 2 it - {H ] 5
2, (selected ion monitoring, SIM mode) 7 {8
MBI - &8 HLER RS AT IR 14 Z S B g R 7
B B 11.41 ~ 12.33 ~ 15.12 ~ 15.86 ~ 17.50 ~
18.32 ~ 13.86 £ 19.25min (£ ~ [&—) °
ZEHUTALL RIS 10g 528 2 148

Table 2. Optimized SIM parameters for 4-NPs, NP1EO, NP2EQ, 4-n-NP, and 4-n-NP2EO

Compounds

Retention Time (min)

Ton (m/z)

4-nonylphenol (4-NPs)

Nonylphenol monoethoxylate (NP1EO)
Nonylphenol diethoxylate (NP2EO)
4-n-NP (internal standard)

4-n-NP2EO (internal standard)

11.41 ~12.33 221%, 74, 73, 207
15.12 ~ 15.86 251°,73, 208, 222
17.50 ~ 18.32 295", 74, 118, 104
13.86 179.3%,73,292.5, 165
19.25 74,118, 108, 133

" Ton used for quantification.
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4-n-NPs

B R TR 45

TIC: 21_NPs_1ppm(M.xms: Filterefi

4-n-NP2EO

B— L& 4-NPs »

Minutes

NPIEO * NP2EO [ NIZHE G 4-n-NP Ed 4-n-NP2EO BAf[H] -

Fig. 1. Total ion chromatogram of 4-NPs, NP1EO, NP2EO, 4-n-NP and 4-n-NP2EO.

WHTA AR S (0.2pg 4-n-NP F7 1.5ug 4-n-
NP2EO) » /&1 10 mL 87K & 30 mL 5
Ft% BN R I#EI4T 15 T EURS) - FIIA
30 mL IEC kel AR5 20 2 h (ZR[E
250 =+ 10 strokes) ° F#E 2 ~ 3 min {&7NNI1 4g
ZeE BT RLURS » A#E 30 min -
i AR AR DL 150 mL 27K
o ENEARIGERE 20 min o KA HE
HUHE G 15 g fie/KEREE $ - 2 5) MffE 3
7Ky Bt KRR B SR b - DUBARF ZEHUR

MR > SRE IR SR KR B SR DAV EF PR 2

8 VR H P R 2 HUK A A R
*qﬂmu;ﬁ%wﬂﬁu 1 mL FFEDE - 3
HIA 0.05 mL MSTFA 74 {La Bl T 1T 4R
(BIE » &R %75 P 0.2 um PTEE
R R R TR RS AT (AR EEE
SafE )

FECRERES T AR E M R ERENE:  fRTE
RSN TGS | IR IRF A HE 574 NIEA
W541.50B " 7K B e iy A Rgnfll 75—
Wt RAETERE L,
A EEES S AT AT LA DFTPP #ETT & RO »
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Weigh soil sample (should contain 10g of dry weight)
and place it in a 100 mL screw-cap flask.

\

Add internal standard and 10 mL deionized water to the flask.
2
Add 30mL acetone to the flask, shake the
sample by hand, then add 30 mL hexane.
2

Mix the sample with a reciprocating shaker for at
least 2 hours (250£10 strokes per minute).

Let the sample stand for 2-3 minutes, add 4g sodium
chloride, then shake the sample by hand again.

Let the sample stand for 30 minutes.

\Z
Transfer the organic phase to a 250 mL flask.

2
Rinse the organic phase using 150 mL deionized water,
and let it stand for 20 minutes.
(If the separation of aqueous and organic phase is not

clear, add an additional 10mL hexane)

\/
Transfer the organic phase to a 100mL flask.

\
Dry the organic phase by adding 35g anhydrous

sodium sulfate.
Transfer the extract to a KD flask.

Rinse the previous mentioned anhydrous sodium sulfate
with acetone, and then transfer the acetone to the KD
flask.

Dry the extract with a stream of nitrogen gas.

\

Dissolve the extract with 1 mL acetone.
\/
Add 0.05 mL MS'I:EA for derivatization.

Transfer the reaction solution to a vial by passing
it through a 0.2 pm PTFE filter.

Perform instrumental analysis using Bruker SCION TQ.

B=  ZEREE -

Fig. 2. Flowchart illustrating extraction procedure.



JRERCRE TR 12 h ARy e & -

I HNERE TR o M & 5 R 2 AR
BEmipES  HXEmARE AT ZIERE
an 0 MR EE AT LT 0.5 pg/mL 2 #HER Sy
Hrin & & i (quality control, QC) °

i S S 5 i

LR S EE L (RIRAC L 0.05 pg/mL ~

MCps

R SR TR 47

0.1 pg/mL ~ 0.2 ug/mL ~ 0.5 ug/mL ~ 1 pg/
mL ~ 1.2 pg/mL 2 1.5 pg/mL 3£ 5 4 g >
BB - ETES TR 2 4E R R I
(R) B 0] 0.99 DL [ o FAEEAE S HI B -
4-n-NP2EO i 9 1 5] B 1 458 5L B 2 3 i o
TRTHER SR AE A EETE (E=)
H 3% GRS R I SRS 8 5 S IS 8 70 i
SR > IR 82 U7 ARG R
FEE RSB E R PIEEAE i 4-n-NP i

n-NP2EO; 74.0; soil_1ppm.XMS; Filtered [0[X]
n-NP2EO; 74.0; NPs_1ppmXMS; Filtered [0lX]

1.5 ppm 4-6-NP2EO
(soil matrix}

m 4-5-NP2EO

(Q;CCtO},LQL_S

1850 1875

19100 1925

Minutes

B = - W24 4-n-NP2EO ENTEE T REGTRIBN

Fig. 3. SIM chromatogram of internal standard 4-n-NP2EO showing soil matrix interference.
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(A) —+— |n solvent (B) —— In solvent
& |n matrix --&.. |n matrix

4-NPs (M.E. = 127.14%) 4-NPs (M.E. = 81.8%)

@
o
35000000 § 4.50E+00 P
=121463430.34 x - 20833861 a c
30000000 = Rr=09 o 3 4.00E+00 ¥=28077% -0052
g 25000000 2 & 3.50E+00 FEpses
g .._..,-- 5 3.00E+00 / — Nl
3 20000000 3 2506400 -
£ 15000000 e S 2.00E+01 e
3 y=18232321.83 x - 84233652 g 1.50E+01 . "
£ 10000000 e av /‘/ y=20773% +0.0708
o 1.00E+01 RT= 09556
5000000 g o
g 500801 @
: L 2 0.00E400 e
06 08 1 12 14 16 0 02 04 06 08 1 12 14 16
ma/kg mg/kg
—_ 0 -
NP1EO (M.E. = 147.19%) NP1EO (M.E. = 94.3%)
[0
18000000 £ 1.80E+00
16000000 TR e e Eri - 2 1.60E+00 Tt 00160 <
, 14000000 B:=100 S 1.40E+00 Bonas -
£ 12000000 g 1.20E+00 -
£10000000 - = 3 1.00E+00 e
2 8000000 e 2 8.00E-01 L
g / s y=10776x -00221
£ 6000000 € 6.00E-01 o c =Ll
£ 4000000 : § 4.00E-01 o
2000000 ..c*’:/ e £ 2.00E-01 7‘/
@
0 s s s s s s L i < 0.00E+00 L L L L L s s i
0 02 04 06 08 1 12 14 16 < 0 02 04 06 08 1 12 14 16
mglkg mg/kg
- 0, -
NP2EO (M.E. = 176.99%) NP2EO (M.E. = 112.5%)
Q
(5]
12000000 & 1.20E+00
e
= s _
g 10000000 o § 1.00E+00 prp———
S 8000000 — £ 8.00E-01 HoOBE el et
c o = =
> R ) B
£ 6000000 . 8 6.00E-01 e
) / T
> T .- y= 066655 +0.0028
S 4000000 ./ -§ 4.00E-01 /'yy RE=00943
< ~ ©
2000000 e v=3496403 73 x + 12864014 © 2.00E-01
. R*=100
0 L L L L . L . . 0.00E+00 L L . L L . L '
0 02 04 06 08 1 12 14 16 0 02 04 06 08 1 12 14 16
mg/kg mg/kg

C TEEBEWE -

Fig. 4. Soil matrix effect of 4-NPs, NP1EO, and NP2EO. (A) Matrix Effect (M.E.) not corrected
with internal standard, 4-n-NP, (B) M.E. corrected with internal standard, 4-n-NP. M.E. was
calculated using the following equation: (Area of 1 pg/mL standard solution in soil matrix

analyte — Area of soil matrix analyte)/Area of 1 pg/mL standard solution in solvent analyte.



TR - TIRANFE TS EEER > HR
fa g o T INVE BB UEST - i itiaks
Az TEEEHAE LGRS EEE
RYNE > & SRR EE AR TR ALVE BH A R 3
T HIE L & % (4-NPs » NP1EO ¢ NP2EO)
B EEWIE (127.14 ~ 176.99%) » {H 4% 4-n-

NP A LR TE1% B AT B B R A B R
(818~1125%)(ll7£l)°
U5 A 2 W R E B E 1T 4-NPs

NP1EO Jz NP2EO {F =2 (1 mg/L) FAKE
[ (0.5mg/L) £ 3 B [BUatg - 455
SRIENBCEREE]ZE 79.0 ~ 82.1% ~ 93.4 ~ 94.0% f¢
106.7 ~ 120.2% > FHEMEAERZE (relative stan-
dard deviation, RSD) EF {72 10% (F= =) -

FiEE &R (limit of quantitation, LOQ) %2
0.005 mg/kg (4-NPs k2 NP1EO) &z 0.01 mg/kg
(NP2EO) » MR ER4s KA UR It oA 52
E?ﬂﬁigﬂpfﬁéﬁﬁZTﬁfﬁﬂ °

F L 2 h ol 7 0 3

Bt

= BIEHER

Table 3. Summary of recovery test results

B R TR 49

HIFAE - PNEAERE TR - 2R T ¥R -
EhEHEREPFER - LERE 20 {EHK
H R FHZ HE L W AlERER T K&
JE B > HETEUS 40 ¢ Tk A o 3%
BN E IR ER - PREUCE R AE RS R
% B LB RS - AUy LAE
TR - ek LRSS A SR AR
ZWEEIEE T o FEFER -20°C Bt 14
d N 73 A 58 5 - 40 4% fm B H#E 1T 4-NPs »
NP1EO f NP2EO & &43#T » T S
K&~ Bl R B AR - S I ET 1
~ 2 PR RAETT T AT - SREURE
B fE 5 4-NPs ~ NP1EO Kz NP2EO f#
[E53 51 B ND ~ 0.034 pg/g ~ 0.008 ~ 0.084 pg/
g J2 ND ~ 0.138 ug/g > MEReE s TIEESRE
AT oy Bl S RbIE 2 1 0 & KE
e RS ~ BB E /A 3 ~ 42% ~ 4.59 ~ 8.08
J% 185.4 ~ 1271 ps/em ( G54 ) -

¥

. 4-NPs NP1EO NP2EO
Spike level
(mg/L) Recovery Mean RSD Recovery Mean RSD Recovery Mean RSD
(%) recovery (%) (%) recovery (%) (%) recovery (%)

0.5 81.8 96.1 116.2

0.5 82.8 82.2 1 933 94.0 2 98.7 106.7 8
0.5 82.0 92.5 105.2
1.0 75.4 89.9 113.0
1.0 82.0 79.0 4 95.9 93.4 3 128.1 120.2 6
1.0 79.4 94.5 94.5
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Table 4. Summary of soil characteristics and results of soil sample analysis

) ) ) Residue (ug/g) Acidity Electri.ca.l
Sampling ,, Field  Soil ,, Water conductivity
No. Class
area type layer (%) 5 EC .
4-NPs NPIEO NP2EO C
(us/cm)
Taichung 175 Paddy Topsoil 0.010 0.025  0.055 - 37 577 27,5 458 0.1 248
Industrial Subsoil 0.013 0.029 0.031 - 31 597 273 343 0.1 248
Park 181 Paddy Topsoil 0.033 0.058 0.056 Loam 42 6.32 26.7 1051 0.5 26
Subsoil 0.034 0.047 0.048 Loam 39 6.33 263 1036 0.5 26.1
188 Paddy Topsoil 0.008 0.044 0.084 - 31 586 262 587 02 26
Subsoil ND  0.019 0.053 - 29 6.03 264 520 02 26
189 Paddy Topsoil 0.006 0.014 0.020 - 33 597 255 458 0.1 259
Subsoil 0.013 0.022  0.033 - 31 6.06 255 503 0.2 275
192 Paddy Topsoil ND  0.025 0.042 - 15 554 251 1271 0.6 27.4
(dry)” Subsoil 0.005 0.024 0.044 - 11 552 251 1144 05 273
Wufeng, 193 Paddy Topsoil 0.012 0.084 0.138 - 26 581 27.8 682 03 253
Taichung (dry)” Subsoil 0.013 0.037 0.075 - 23 595 27.8 698 0.3 252
194 Upland Topsoil 0.007 0.016  0.028 - 16 6.12 28.1 345 0.1 25.6
Subsoil 0.010 0.011  0.029 - 14 633 275 384 0.1 25.1
195 Paddy Topsoil 0.006 0.040 0.057 - 26 5.18 27.6 945 04 256
(dry)” Subsoil 0.007 0.027 0040 - 21 564 273 858 04 257
197 Paddy Topsoil 0.007 0.024  0.068 - 20 531 275 710 0.3 26.2
(dry)” Subsoil 0.007 0.020 0.051 - 17 513 27.4 689 03 254
198 Upland Topsoil 0.007 0.012  0.024 - 14 534 28.1 461 0.1 24
Subsoil 0.009 0.010 0.020 - 14 555 27.8 369 0.1 24.1
203 Paddy Topsoil 0.020 0.022 0.011 - 9 465 28 1854 0.0 25
Subsoil 0.014 0.012 0.011 - 9 459 278 186.1 0.0 245
207 Paddy Topsoil 0.008 0.016 0.015 Loam 31 6.45 275 401 0.1 24.6
Subsoil 0.009 0.013 0.021 Loam 26 6.99 27.6 362 0.1 24.7
208 Upland Topsoil 0.008 0.014 ND Sandy 12 8.08 26.6 270 0.0 25
Loam

Subsoil 0.007 0.012 ND Sandy 13 7.82 263 289 0.0 24.8

Loam
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Table 4. Summary of soil characteristics and results of soil sample analysis (continued)

Residue (ug/g)

Sampling No.! Field Soil

area " type layer

4-NPs NP1EO NP2EO

Electrical
Acidity o
Class? Water conductivity
ass
(%) EC O
H T Sal T
(us/cm)

Wangtian, 275 Paddy Topsoil 0.008 0.015
Taichung Subsoil 0.006 0.009
276 Paddy Topsoil 0.013 0.017

Subsoil 0.008 0.010

Chuansing 277 Upland Topsoil 0.007 0.012
Industrial Subsoil 0.007 0.011
Park 278 Upland Topsoil 0.006 0.037

Subsoil 0.006 0.013

279 Upland Topsoil 0.006 0.009
Subsoil 0.005 0.010
280 Upland Topsoil 0.006 0.013
Subsoil 0.007 0.013
282 Upland Topsoil 0.005 0.008
Subsoil ND  0.008

0.034
0.017
0.020

0.012

0.022
0.018
0.040

0.022

ND
0.010
0.018
0.016

ND

ND

- 32 52 258 675 03 25
- 22 542 258 565 02 251
Sandy 29 547 257 423 0.1 25.1
Loam
Sandy 25 6.06 25.7 328 0.1 25.1
Loam
- 13 54 28 566 0.2 259
- 13 5.65 28 654 02 255
Sandy 18 594 27.5 1004 04 253
Loam
Sandy 15 6.56 27.8 800 03 25
Loam
- 8§ 551 272 541 02 245
- 9 524 267 566 02 265
- 13 656 263 545 0.2 265
- 13 652 264 479 0.2 26.6
- 3 554 258 1864 0.0 277
- 4 569 258 259 0.0 26.8

" Sample number.
? Soil texture classification.

¥ Rice had already been harvested from these fields; therefore water was already drained from the field at the time of

sampling.

1SR

L EIERE -~ R/NGE - |HEBL - ZHEME -
Tttt ~ SR - BRI - 2002 - RET
o7 B 52— £ EIR T I B o A R LI
i fe A B 2 BT 9T - BRI AR R TR
BERAETTER 9 ¢ 291312

FHr{E - 1981 © SIS T OTATE -
EER TR - 13 1 2729 -

17 B b B8 Or B 28 55 4 B3 Pt © 2005 -
BRI n R 8 S IR {E 245 51 NIEA-
PA102 -

1T 3R Or B ER B A B T = 2012 - £
BRI KaRERE—EEE
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A 5 By A R TS A — Wb
U744/ RAH AT E 5 #R 0% - NIEA
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SERH T EE - 2000 o 35
E— EER SR A E£2EKER
B 2 o ELR A A - TR
PRE R iR B Fr — BRARHT A - HUE
http://www.niea.gov.tw/analysis/newtech/
month/33/33th3-2.htm
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Determination of Nonylphenol Compounds in
Agricultural Soils

Chieh-Han Pu', Tsyr-Horng Shyu'™

Abstract

Pu, C. H. and Shyu, T. H. 2017. Determination of nonylphenol compounds in agricultural
soils. Taiwan Pestic. Sci. 2: 41-54.

Nonylphenol polyethoxylates are nonionic surfactants that are widely used in the
industrial-scale production of dyes and agricultural pesticides. However, following
usage and disposal, nonylphenol polyethoxylates typically leach into the environment,
where they eventually degrade into nonylphenols (4-NPs). Nonylphenols are
known endocrine disruptors that can potentially harm both human health and the
environment. The current study was conducted to establish an analytical method
for the determination of nonylphenol, nonylphenol monoethoxylate (NP1EO), and
nonylphenol diethoxylate (NP2EO) in agricultural soils. The analytical method
involves liquid-liquid extraction, a derivatization reaction, and gas chromatography-
mass spectrometry. Furthermore, the method detection limit for 4-NPs, NP1EO, and
NP2EO reaches 0.005ug/g, 0.005ug/g, and 0.01ug/g, respectively. Recovery tests for
4-NPs, NP1EO, and NP2EO are 78.0 ~ 82.2%, 93.4 ~ 94.0%, and 106.7 ~ 120.2%,
respectively. Relative standard deviation (RSD) were less than 10%. Taken together,
results of these tests indicate that the proposed analytical method could be useful in
the analysis and assessment of nonylphenols in agricultural soils.

Key words: Nonylphenol, nonylphenol monoethoxylate, nonylphenol diethoxylate,

endocrine disruptor, gas chromatography-mass spectrometry.
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