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Method Validation for Determination of Tetradecyltrimethylammonium Bromide

And Nonylphenol ethoxylates in Hazardous Substances Products for Livestock

Sunan Kittijaruwattana, Chusak Ardsoongneam, Ongart Boonbanlu, Titi Rujichao

Abstract

Method development and validation for the determination of
tetradecyltrimethylammonium bromide and nonylphenol ethoxylates in hazardous
substances products for livestock were achieved using Ultra - High Performance Liquid
Chromatography - Evaporative Light Scattering Detector (UHPLC - ELSD). The
chromatographic separation was conducted using a Kinetex C18, 1.7 ym, 100 x 2.1 mm, id.
at the flow rate of 0.3 mL/min, gradient elution between 0.15 % trifluoroacetic acid (TFA) and
methanol within 5 minutes run time. The linearity of two compounds were studied at the
concentration range of 40 - 120 pg/mL. The coefficients of determination (') were 0.9958
and 0.9969, respectively. The accuracy (%recovery) and intermediate precision ranged
from 96.0 - 104.4 % and 1.52 - 1.98 %RSD, respectively. The result of the method validation
showed that the developed method is suitable for the simultaneous determination of two
active ingredients in livestock hazardous products. The robustness using Youden’s method

was evaluated, and the most effective factor was the flow rate of mobile phase.

Keywords : Tetradecyltrimethylammonium bromide, Nonylphenol ethoxylates, UHPLC-ELSD
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1. dngiszaea
dl v v aal a ' . . .
WwanadaumnldlEae93tn1saaszy tetradecyltrimethylammonium bromide LAY

6 o/

nonylphenol ethoxylates TNARAT AR EURNEFiunIsUAdRT
2. Ayl
1Hd1151AATZiaN941ATY tetradecyltrimethylammonium bromide Wag nonylphenol

o

ethoxylates lunani i inndunsefinunisladndsaematin UHPLC-ELSD
3. dselagunaiadnazlasy
IAIENNAINNLNNIZANLAZANNITOATIAILATIEY tetradecyltrimethylammonium

o 13

bromide Wz nonylphenol ethoxylates TuuaRIUFIRgSURT8AUN1TUARE
4. \AFRIdBUAEIRRINENANARS
4.1, wisesile
411, gauenaiauasiFunnasfioenannis Ultra High  Performance  Liquid
Chromatography (UHPLC) fi%a Shimadzu 91 LC-20 WEDLLATEIATS AN
ELSD
41.2. et lnimeilon 5 fArumis
4.1.3. Lﬂ%@ﬂﬁﬂiﬂﬂ?@%éw%ﬂmﬂﬂﬂ?ﬂ
4.2, A19ANUATANTNIATFIU
4.2.1. Nonylphennol Ethoxylates 90% (C,,H.,0.,) éﬁ@ Carlo Erba
4.2.2. Tetradecyltrimethylammonium bromide 98% (C,,H ,BrN) al‘ﬁ‘ﬂ
Dr. Ehrenstorfer
4.2.3. Methanol (CH,OH) AR grade llaz HPLC grade
4.2.4. Trifluoroacetic Acid (CF,COOH) 7iiln Reagent grade
4.2.5. iﬁﬂ?ﬁqm‘émmﬁmmuim’ﬁ@mdq 18.2 MQ.cm Deionized water
4.3. TRAINENAERT
4.3.1. Beaker 1114 500 mL
4.3.2. Volumetric flask 21414 10, 25, 50 Llag 100 mL

4.3.3. Volumetric pipette 1110 1, 2, 3, 4, 5 @ 6 mL



4.3.4. Micro pipette éﬁﬂ Eppendorf

4.3.5. Micro pipette éﬁ’ﬂ Finnpipette

4.3.6. Amber glass vial 2141/ 16 mL

4.3.7. Vial HPLC la wiann1 2u1m 2 mL

4.3.8. Syringe filter PTFE 0.22 um

4.3.9. ARANYE UHPLC Kinetex 1A C18 211A 100 mm X 2.1 mm ID (1.7um particle

size) fi%ia Phenomenex

8ANUWNNSG

5.1.

5.2.

5.3.

W38N stock standard solution (stock std.) A NINT1 0.50 mg/mL : {QNW?NWMEgﬂu
nonylphenol ethoxylates Wa¥ tetradecyltrimethylammonium bromide Wﬁlfjﬂmi
50 mg (ﬁuﬁmﬁywﬁﬂﬁmiu@u) weINa9 ki volumetric flask 2116 100 mL UFuisuams
A2l 80% methanol, AR grade

N3LIEN 0.15% trifluoroacetic acid (TFA) : Thilm TFA 650 pL a9l volumetric flask
9179 500 mL U511Banmsdneni1 deionized

NAAAL condition 1AtIFALLAI31NFE Bull. Korean Chem. Soc. (2007)

Condition N lun1maaaLl

Column UHPLC Kinetex 4% C18 a11a 100 mm X 2.1 mm ID

(1.7um particle size) &i%a Phenomenex

Mobile phase Gradient program (0.15 % TFA : Methanol)
Time (min) 0.15 % TFA Methanol
0 20 80
1.0 20 80
1.1 0 100
3.0 20 80
5.0 20 80

Column oven 30 °C

Flow rate 0.3 mL/min



Injection volume 20 L
Detector ELSD settemp 60 C
Run time 5 min
5.4. NARDLTI9U89N1T9ATEH (range) Taanswmized calibration curve MiRAaNmdindin
@i_uisl,mj")\‘l 40 - 200 pg/mL (40, 50, 60, 70, 80, 90, 100, 120, 150 WAz 200 ug/mL) Tnel
= a = a [ o . .

WATENATNANTNN 1 BUATENAIMNLINUUAS 1 D17 A2 3 injection

M137197 1 N19LATEN mixed calibration curve standard solution WNaNAGAL range 183

tetradecyltrimethylammonium bromide WA nonylphenol ethoxylates

No. Stock std. Final Volume Final Conc.

(0.5 mg/mL, each)

1 0.8 mL 10 mL 40 ug/mL
2 1.0 mL 10 mL 50 pg/mL
3 1.2 mL 10 mL 60 pg/mL
4 1.4 mL 10 mL 70 pg/mL
5 1.6 mL 10 mL 80 pg/mL
6 1.8 mL 10 mL 90 pg/mL
7 2.0 mL 10 mL 100 pg/mL
8 2.4 mL 10 mL 120 pg/mL
9 3.0 mL 10 mL 150 pg/mL
10 4.0 mL 10 mL 200 pg/mL

5.5. naaauANLTludunss (linearity) Tnensises calibration curve THdANdindiuag
60 — 120 pg/mL (60, 70, 80, 90, 100, 110 W@z 120 ug/mL) TUATLNAIAITNN 2 LA

a Y v oy - . o [ o I d” ai v a
wirenANdinduaL 1 917 @z 2 injection MNNINAgeL 3 U BRI AN ATEIANs
nmsgunazANdingulla31ansinncn correlation coefficient () inpusinseaniy

r > 0.99 (CIPAC, 2003) nadaumaniiiludunsalne’ld ANOVA Deviation from



Linearity 1agiAn p-value > 0.05 wazld Visual inspection 284 residual (y—yy) n1g

N7eaNYLLUU random

AN91497 2 NN9LEFEIN mixed calibration curve standard solution 84

tetradecyltrimethylammonium bromide LWaZ nonylphenol ethoxylates

No. Stock std. Final Volume Final Conc.
(0.5 mg/mL, each)
1 1.2 mL 10 mL 60 pg/mL
2 1.4 mL 10 mL 70 pg/mL
3 1.6 mL 10 mL 80 pg/mL
4 1.8 mL 10 mL 90 pg/mL
5 2.0 mL 10 mL 100 pg/mL
6 2.2mL 10 mL 110 pg/mL
7 2.4 mL 10 mL 120 pg/mL

5.6. NTNAKAL accuracy AL precision

5.6.1. 199" standard addition NAanudindiu 3 s2AU Aa 80, 90 kAT 100 ug/mL TN

TUReUNITETENAINANI97 3 Tnenaasuaudinduas 7 497 az 2 injection

NAFAL 3 JU INUTIN198BNTL % recovery B lua9 95 — 105 WAL %RSD < 2

(AOAC, 2016)



A137197 3 N1TWATEN standard  addition 289 tetradecyltrimethylammonium bromide Wag

nonylphenol ethoxylates

No. Stock std. GRER AL Final Total Conc. Final Conc.
(0.5 mg/mL) AIREY volume (Std., #198zANLNEN) (Std. +

(0.5 mg/mL) (MeOH) A15a2Ad

AARE9)

1 0.8 mL 0.8 mL 10 mL standard solution 40 pg/mL 80 ug/mL

ANTAZANYUALALNN 40 pg/mL

2 1.0 mL 0.8 mL 10 mL  standard solution 50 pug/mL 90 pg/mL

ANTATALUADLNN 40 pg/mlL

3 1.2mL 0.8 mL 10 mL standard solution 60 pg/mL 100 pg/mL

ANTATANLAIDLNG 40 ug/mL

5.6.2 nMsAANdniunLduenaesiiegng tinsea NA NNy 40 ug/mL e
TUABUNNTHTUNAINI197 4 TAENARDUAIWIN 7 917 A% 2 injection NAABL

3 34 LNEUTINT8ANTU %RSD <2 (AOAC, 2016)

AN 4 NITNAIANNIE N LN LLLAUTEY FRatindmanas

A1TATALFAIDENG Final volume (MeOH) Final Conc.
(0.5 mg/mL)
0.8 mL 10 mL 40 pg/mL

5.6.3 N1sunAANNIENdLALULeNYeY standard solution ANENdW 90 ug/mL

v
A o

TINTUADUNITLATENAIAITI9N 5 TAENARIUAIUIUW 2 G717 AL

2 injection NAAAL 1 91 INMUTINTLANTL %RPD < 2 (AOAC, 2016)



[51'1?'1\‘1‘17‘] 5 ma?‘mﬁ'ﬁmmf‘ﬁm%uﬁuiu@mm standard solution

Stock std. (0.5 mg/mL)

Final volume (MeOH)

Final Conc.

1.8 mL

10 mL

90 pg/mL

5.6.4 N1INAKAL precision

ngmraNAlatnAuLdinge 90 po/mL : Thdmsantneanuau 1

mL a4

volumetric flask au1m 100 mL U5uiBunmafiag 80% methanol, AR grade Thilaun

3 mL a9} volumetric flask 2w1a 10 mL U5uisnnmsfiag 80% methanol, AR grade

Tnemagau[1uau 10 477 a2 2 Injection NAgaL 3 T4 iNtusin1saaniy %RSD < 2

(AOAC, 2016)

5.7. N1MAKXALU selectivity 1AEIN19ATIAADLANNATNITOIAINITUEN (resolution) U849

NIM7371% nonylphenol ethoxylates WAz tetradecyltrimethylammonium bromide

5.8. N19INAAAL robustness Iaan1gilasunlagtiasaiAandNarlinafani1InaAgaL AN

[5]’1?’]\‘1% 6 LL@UJ’NLLNuﬂW?WG’W@@U[ﬂWN?)’%ﬂI@Q Youden’s l?l’]?kl[ﬁﬁﬁ"]\‘]ﬁ 7 NARBLANUIU

2 177 8% 2 injection

A13799 6 parameter MElunnmegay robustness

Factor Units Limits Level (-1) Level (+1) Nominal
value
A194 vial (A/a) - - A1 = dla = a -
Column temperature (B/b) °C 15 25 = 35 =D 30
Sample temperature (C/c) °’c +5 20 = 30 =c¢ 25
INFAUAY Methanol (D/d) - - HPLC=D AR =d -
Mobile phase flow rate (E/e) mL/min +0.1 02 = 04 =c¢e 0.3
Wavelength (F/f) nm +5 225 = 235 = f° 230
Injection volume (G/g) pL +1 19 = 21 =g 20




AN9199 7 WHUNIINARDL robustness A28Ra Youden's

Parameter ANUIUNIINARDL
1 2 3 4 5 6 7 8
A994 vial A A A A a a a a
Column temperature B B b b B B b b
Sample temperature C c C c C c C c
glﬁ'a mobile phase D D d d d d D D
Mobile phase flow rate E e E e e E e E
Wavelength F f f F F f f F
Injection volume G g g G g G G g
WA S T U \Y w X Y Z

6. WANITNARDY
6.1. NAN9ILATNZY range Taeisia calibration curve TiAudinduasiludas 40 — 200
ug/mL (40, 50, 60, 70, 80, 90, 100, 120, 150 WA= 200 pg/mL) EHAFIANTT 8 LAY
9 gﬂ‘ﬁ 1 U8y 2

AN97991 8 NAN1INAGAL range lWN1TAATZTNTNNENIA ATy TTAB

Concentration (ug/mL) Mean Area

40 8365
50 11713
60 16755
70 19117
80 23966
a0 27558
100 34609
120 43187
150 55903
200 82957

Slope 473.03x

Ir)tercept -12268

r 0.9958




100,000.00

y = 473.03x - 12268
.
80,000.00 R2 = 0.9958
60,000.00
©
o
<
40,000.00
20,000.00
0.00
0 50 100 150 200 250

Conc. (ug/mL)
917 1 wams calibration curve 499 TTAB fimanadiadins 40 — 200 ug/mL

AN997 9 NANINAGAL range UN1TAATZTNUTNNUENIE1ATY nonylphenol ethoxylates

Concentration (ug/mL) Mean Area

40 9762
50 12225
60 18132
70 24563
80 30477
a0 35458
100 40420
120 50862
150 71439
200 102323

Slope 522.68x

Igtercept -16614

r 0.9969




120,000.00

y = 522.68x - 16614
100,000.00
R? = 0.9969

80,000.00

60,000.00

Area

40,000.00

20,000.00

0.00

0 50 100 150 200 250

Conc. (ug/mL)

g‘]ﬁl 2 L&A calibration curve 2839 nonylphenol ethoxylates NAudindy 40 - 200 pMg/mL

6.2. nan1InadauANNiiudunss (linearity) Inanswmsey calibration curve 1HRAINN
dinduagilugag 60 — 120 pg/mL (60, 70, 80, 90, 100, 110 waz 120 ug/mL) lHHARAT
FN319% 10 - 13 3171 3 uaz 4

19797 10 HaNTIMARaL linearity Tun15aiAT Iz BuNua1sd Aty TTAB

Concentration Area
(ug/mL) Day 1 Day 2 Day 3
60 16,545 14,703 14,469
70 21,581 20,611 18,424
80 25,682 23,771 23,136
90 30,718 29,532 27,767
100 36,022 35,511 31,175
110 40,158 41,096 36,651
120 47,141 45,148 41,128
Slope 485.47
Intercept -14123

I 0.999




50,000

y = 485.47x - 14123
40,000
R? =0.999
30,000
(4]
o
<
20,000
10,000
0
55.00 65.00 75.00 85.00 95.00 105.00 115.00 125.00
Conc. (ug/mL)
dl . . a2 6 o o
gﬂ% 3 NANNTNAADL linearity Iummmmwmaﬁmmmimm&l TTAB
10 -
* *
*
5
. *
*
T .
4]
é O T ‘ T ‘ T 1
i *
o 10000 200&0 P 300&0 * 40800 * 50000
* o
5 * *
7] *
-10 4
X Variable 1

91/7 4 residual plot 49481341ATY TTAB




A197991 11 WA ANOVA table 184 TTAB

Sum of Squares df Mean Square F Sig.
Ratio * Between Groups (Combined) 3884278295.905 6 647379715.98 139.40 .000
Conc

Linearity 3862938315.006 1 3862938315.01 831.80 .000
Deviation from 21339980.899 5 4267996.18 919 .480

Linearity

Within Groups 162543538 35 4644101.09
Total 4046821833.905 41

AN9199 12 Wan1INARaL linearity lun159tATzdiuNLTNNa1I81ATY nonylphenol ethoxylates

Concentration Area
(ug/mL) Day 1 Day 2 Day 3
60 13705 13183 17245
70 19915 17918 21329
80 23503 22201 26268
90 29727 26872 32219
100 34592 31736 35775
110 39894 37037 42090
120 46486 42762 47562
Slope 464.46
Intercept +9244.5
r 0.998




50,000

y = 464.46x + 9244.5
40,000
R?=0.998

30,000
®
Q
<

20,000

10,000

0

0.00 10.00 20.00 30.00 40.00 50.00 6000 70.00 80.00 90.00

Conc. (ug/mL)

917 5 wanismaaay linearity un193LAsIzIiNLBuNAN341ATY nonylphenol ethoxylates

6 -
4 *
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2 ¢ o to
* *
P * *
g T ‘ ‘ T T ‘ T ’ 1
? 5 10000 20000 30000 40000 50000
o ]
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4 P
6 4 L 2
8
X Variable 1

9117 6 residual plot 49981341y nonylphenol ethoxylates



A1519% 13 e ANOVA table 184 nonylphenol ethoxylates

Sum of Squares df Mean Square F Sig.
Ratio * Between Groups (Combined) 4367976238.24 6 727996039.71 167.176 .000
Conc

Linearity 4359077654.17 1 4359077654.17 167.176 .000
Deviation from 8898584.07 5 1779716.81 409 .839

Linearity

Within Groups 152413738.83 35 4354678.25
Total 4520389977.07 41

6.3. NAaN1TNARKRAU accuracy WAL precision 284 tetradecyltrimethylammonium bromide

wa% nonylphenol ethoxylates AMNAITI9N 14— 19

A1399 14 HANIINARAL accuracy ey precision 184 TTAB

No. Tetradecyltrimethylammonium bromide
Day 1 Day 2 Day 3
80 90 100 80 90 100 80 90 100

(Mg/mL)  (pg/mL) (ug/mL) (pg/mL) (dg/mL) (pg/mL) (Mg/mL) (Mg/mL) (pg/mL)

1 96.66 101.68  107.59 96.36 104.04  112.03 92.34 99.71 108.81

N

95.38 101.14  109.22 96.06 103.57  112.58 92.02 99.45 107.95
96.22 100.74  108.71 96.49 103.98  112.35 92.28 100.25 110.20
94.85 101.39  110.58 97.33 10417  112.63 92.52 99.94 109.02
96.21 101.57  110.54 96.35 103.94 11242 92.96 99.63 109.44
95.73 101.40  110.27 95.83 104.35  112.58 92.51 100.25  109.79

~N oo o0 A W

94.19 102.74  111.46 95.55 104.16  112.68 92.78 100.21  109.40

Average 95.6 101.5 109.8 96.3 104.0 112.5 92.5 99.9 109.2
SD 0.9 0.6 1.3 0.6 0.2 0.2 0.3 0.3 0.7
%RSD 0.91 0.61 1.21 0.59 0.23 0.20 0.34 0.33 0.67

%Recovery  101.7 99.3 101.6 96.8 96.0 104.2 101.0 104.3 102.4




R399 15 NANIINAGAL accuracy A precision 2184 nonylphenol ethoxylates

No. Nonylphenol ethoxylates
Day 1 Day 2 Day 3
80 90 100 80 90 100 80 90 100
(Mg/mL  (Wg/mL  (ug/mL  (ug/mL  (Mg/mL  (Mg/mL  (pg/mL  (Mg/mL  (Mg/mL
) ) ) ) ) ) ) ) )
1 100.78  109.67 118.93 100.92 110.99 11515 97.01 106.52 115.65
2 100.70  109.04 119.60 100.12 111.94 11478 97.43 106.03 114.79
3 100.61  109.70  119.25 100.57 112.06 11477 97.36  106.71 115.54
4 101.36 11030 11912  100.55 109.71 11495 9720 106.78 114.65
5 100.44 11013 119.46 101.92 109.70 11514 9764  106.33  114.80
6 100.58  111.04 119.26 101.32 109.72 11541 9810 106.70 114.35
7 100.95 111.37  119.24 101.48 110.83 11546 9821 10659 114.83
Average 100.8 1102 1193  101.0 1107  115.1 97.6 106.5  114.9
SD 0.3 0.8 0.2 0.6 1.0 0.3 0.5 0.3 0.5
%RSD 0.30 0.74 0.18 0.62 0.93 0.24 0.46 0.25 0.41
%Recover 962  103.36  101.1 97.5 99.9 101.5 1024 1043  101.9
y
A15199 16 NANNINAGAL precision TUN1TAAIZTNLBNIUATA1ATY TTAB
No. sample 3 %W/NV
Day 1 Day 2 Day 3
1 3.00 3.11 3.18
2 3.05 3.08 3.15
3 3.02 3.11 3.16
4 3.02 3.12 3.10
5 2.95 3.11 3.17
6 2.99 3.12 3.10
7 3.01 3.13 3.16
8 3.11 3.11 3.21
9 3.09 3.12 3.1
10 3.13 3.11 3.04
Mean 3.04 3.11 3.14
SD 0.056 0.014 0.057
%RSD 1.85 0.46 1.60




AN319 17 NAaN1?NAARL precision Iumi‘aLﬂiﬂxﬁuﬁﬂ?mﬁmmﬁﬁéﬂﬁﬂ; nonylphenol
ethoxylates

No. sample 3 %W/V
Day 1 Day 2 Day 3
1 2.83 2.85 2.91
2 2.92 2.89 2.88
3 2.93 2.89 2.85
4 2.92 2.91 2.93
5 2.90 2.86 2.93
6 2.93 2.97 2.93
7 2.93 2.92 2.98
8 2.79 2.92 2.98
9 2.89 2.88 2.90
10 2.87 2.87 2.83
Mean 2.89 2.90 2.91
SD 0.048 0.035 0.049
%RSD 1.67 1.22 1.68
A19797 18 intermediate precision lun 1A IziMNLTNN a4 ATy TTAB
Sample Conc. (%W/V) Mean conc. (%W/V) %RSD
3 3.10 (n=30) 1.98

A1919% 19 intermediate precision  lun133LAT NI NNUENTE1ATY nonylphenol
ethoxylates

Sample Conc. (%W/V) Mean conc. (%W/V) %RSD

3 2.90 (n=30) 1.52

6.4. HANNTNAAAL selectivity  1AANIIATIAAALAINTNAINITNIAINTTUEN (resolution)
a19871Aty TTAB LAz nonylphenol  ethoxylates @aunsauanaananniuld laaden

resolution WINAL 4.44 mmgﬂ'ﬁ 7-9
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Datafile Name:Std mix - 12 ppm-02.lcd
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