2026 4 7 A & i% Vol.44 No.7
July 2026 Chinese Journal of Chromatography 777~784

B R X DOI: 10.3724/SP.J.1123.2025.10017

R B LS B B S R 18 B i - &R B R i B B E PR A
5 E WA BR B 3 BRI

woets, FHEE, WA M, AREK
(s B A A BE D 30K, LT 100176)

FEE IR RS TR T 32 N A4 5 R By YA B SR BE LA T A SR AT, m X AP = A 2 R R . LG R
A v A AR W T v PTG OB A8 TR RS (R N 0 9 R B K T Rk R R R (Rl R AR A 5 1 — i o 8
TR, AT 7 30 ok R K A RV A HOGT R A R AT A ST T A TR ASKOROR € T - £ I R [ S S R S b
LB M 2 B A QO = W B A0 T T i o IRFELER R KR, LR LR A, BEH C,, (A 40 B, 76 0 B Tl 2 ) 7
W S T B R R AR MR R AR IR A B BT SRR, S ALK A R A R O R RAF
T AR 26 1Y AH O B B0 K T 0.995, K R 2 0.13~1.32 ng/mL, & & FR 24 0.44~4.39 ng/mL. #£ & 7E 20.50.80
ng/mL 3 IR AT T B3 [ EE R 91.0%~102.0%, HE PRS2 8 1.1%~8.19%, HHE RS 25 B 1.1%~4.6%, FEA 7
4 CRAFE— 8 o ARy ke S i A 2R R T8 R 0, 20 T A PR R B, R G H BRAE o B RORS % R RO RN T
HE JE R — B R 22 00 LB A5 SRR R 1 00 B3 o 2 T 2 R AT A SR IR R 25

SRR < PR 5 JOLBA o A 1R 5 AR 0 5 A v OB €8 3 - R TG T 5 5 VRV AR R

FE 250658 SCERARIRAD : A

Simultaneous determination of five common pyrethroid metabo-
lites in urine using liquid-liquid extraction coupled with ultra
performance liquid chromatography-tandem mass spectrometry

ZHANG Xiaomei, MENG Xiangjuan, HU Yue, LIU Xiaodong
(Central Laboratory, Beijing Prevention and Treatment Hospital of Occupational Disease, Beijing 100176, China)

Abstract: Pyrethroids are extensively employed in agricultural pest management and household
sanitation practices. However, their widespread use has raised concerns as they pose a multitude
of health risks to humans. Consequently, the development of precise, highly sensitive, and efficient
biomonitoring techniques for evaluating internal exposure levels of pyrethroids across different
populations has emerged as a paramount goal in the field of environmental exposure and health effect
research. This study developed a method using ultra performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) for the simultaneous determination of five common pyrethroid
metabolites in urine, with sample pretreatment involving hydrochloric acid hydrolysis and liquid-
liquid extraction. The method was optimized for mass spectrometric acquisition parameters and liquid
chromatography separation conditions. Chromatographic separation was successfully accomplished
utilizing a BEH C,, column (100 mmx2.1 mm, 1.7 pm ). Mass spectrometric data were acquired in
negative ion mode under multiple reaction monitoring (MRM ) conditions. Among the analytes, trans-
3- (2,2-dichlorovinyl) -2, 2-dimethylcyclopropanecarboxylic acid (trans-DCCA) and cis-3- (2, 2-di-
chlorovinyl) -2,2-dimethylcyclopropanecarboxylic acid (c¢is-DCCA) are isomers, as are 2-
phenoxybenzoic acid (2-PBA) and 3-phenoxybenzoic acid (3-PBA), and they share identical MS

acquisition parameters. Identification was based on reference standards and retention times. The
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mobile phase consisted of 0.1% acetic acid in water (A) and acetonitrile (B). The gradient elution
program was as follows: 0-0.5 min, 10%B; 0.5-4.5 min, 10%B-70%B; 4.5-5 min, 70%B-100%B ;
5-7 min, 100%B; 7-8 min, 100%B-10%B; 8-10 min, 10%B. The optimization of urine sample
pretreatment conditions was divided into two parts: hydrolysis and extraction. Using the recoveries
of target analytes as the evaluation metric, parameters including the dosage of hydrolysis reagent,
hydrolysis temperature and duration, as well as the type, dosage, and extraction time of the
extraction solvent were systematically optimized. The optimized pretreatment protocol is delineated
as follows: Initially, 40 pL of the 2-PBA internal standard working solution was precisely added to
1 mL of urine sample, followed by thorough mixing to ensure homogeneity. Subsequently, 150 wL
of hydrochloric acid (2 mol/L.) was introduced to facilitate hydrolysis, which was allowed to proceed
at ambient room temperature for a duration of 30 min. Finally, extraction was carried out using 2
mL of ethyl acetate, accompanied by vigorous shaking for 30 min to maximize extraction efficiency.
Following centrifugation, the organic phase was separated, evaporated to near dryness, and re-
constituted with 1.0 mL of acetonitrile prior to instrumental analysis. The matrix effects were
evaluated using pure solvent and matrix-matched standards. Among the five analytes, three exhibited
a moderate matrix effect, while two showed a weak matrix effect. The recovery performance using
2-PBA as an internal standard was also assessed. Consequently, a combination of the working curve
and the internal standard method was selected for the quantification of the target analytes. Based
on this, the methodological parameters of the method were validated. The results indicate that the
five pyrethroid metabolites exhibited good linearity, with correlation coefficients of the calibration
curves all exceeding 0.995. The limits of detection (LODs) ranged from 0.13 ng/mL to 1.32 ng/mL,
and the limits of quantification (LOQs) ranged from 0.44 ng/mL to 4.39 ng/mL. The average recoveries
of the samples at three spiked levels of 20, 50, and 80 ng/mL ranged from 91.0% to 102.0%. The intra-
batch precision was between 1.1% and 8.1%, while the inter-batch precision was between 1.1% and
4.6%. Sample stability was demonstrated for at least one week when stored at 4 C. The established
method was applied to analyze 18 urine samples from the general population. Neither cis-DCCA nor
4-fluoro-3-phenoxybenzoic acid (4F-3PBA) was detected in any sample. The mass concentration of
3-PBA ranged from 0.69 ng/mL to 1.59 ng/mL, with a detection rate as high as 88.9%. These results
are largely consistent with screening studies on human pyrethroid metabolite levels reported in
domestic and international literature in terms of both the detection rate and mass concentration range
of 3-PBA. The presence of 3-PBA may originate from household insecticide exposure or dietary
sources. The method demonstrates simple and efficient sample pretreatment, strong cost-
effectiveness, low LODs, and high accuracy and precision. It can therefore serve as a reliable
technical reference for monitoring and exposure assessment in various populations, particularly
sensitive groups such as the general population, pregnant women, and children.

Keywords: urine; pyrethroids (PYRs) ; metabolites; ultra performance liquid chromatography-

tandem mass spectrometry (UPLC-MS/MS) ; liquid-liquid extraction (LLE)
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UPLC I-Class Xevo TQ-XS ## 5 2 i H 1 % -
BB B3 A (35 B Waters A H] ) ;SQP 72—
K (f# [F Sartorius /A ] ) ; Vortex-Genie® 2 i Jig
Y77 5% (3£ | Scientific Industries 22 7] ) ; SCDEALL
VX- I 28 e ar (bt Z MR A RA HD
CH210R & 3 5.0 ML (I m A S5 30 AN A T LA
R 7% 7] ) ; Concentrator plus™ E. 25 ¥k 45 {¥ ({2
Eppendorf A A ) .

cis-DCCA (1 000 mg/L, % % & Z B ) . trans-
DCCA(1 000 mg/L, # ) J H i) (AF-3PBA 5 1fi 7
(100 mg/L, % K8 ) B0 [ L ifg 22 5% 55 55 B
B e A BR 2N 7 5 ¢is-DBCA (100 mg/L, ¥ %) 2y H
) (3-PBA B W (100 mg/L, % 5 g H ) 3 1)
R B IR B B L B A RS W) 5 2- R R R R P R
(2-phenoxybenzoic acid,2-PBA,>99.0%) . B iz (i
WEHOWH HA TCI AW SMRE (ISR )W H L
2% SR B A IR A W) TR VT EE L LG
TS S, W S5 [E Fisher 2 1) 2810 K W [ T M
Jai B IGA F .
1.2 &k

B 5 Fhbs e b S TC 1 1 000 ng/mL #7E
B AR EAE W . MEBFRER 10.0 mg 2-PBA #rifE i,
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FH 21 B2 i 5% 500 ng/mL 4 2-PBA N A5 i ] ¥ .
K AR 2 fk 25 VR G PR D 5 J5 3 2 fim A [] 44 AR
(TR 5 o o0 08 FH VR A 25 T R R B 43 531 01,510,
30.60.80.100 ng/mL [ £ ¥l br vfi TAE W

1.3 #HmETESNE

B 1.0 mL JRFE, A 40 pL 2-PBA P45
(500 ng/mL)IE 4], B A 150 wL 382 (2 mol/L) %
Ji T /K /% 30 min, Lk 2 mL £ 8 15 48 3 % B 30
min, B0 F A EAVAMHZE L 2ET,H 1.0mL &
i &2 Ja HEAT I A o

AW 5 48 AL 5t T WO 9% Bl A AF 5% B 16 B 2% B
SHLUE 45 o C2025021.

1.4 LEEH
1.4.1 &% 5%

3% 4% : ACQUITY UPLC BEH C 4,3 £ (100
mmx2.1 mm, 1.7 um, 3 E Waters /A & ) ; # i -
40 C; #EME & 5 pL; s AH A:0.1% SPR/K WL ;B
R 5 W 2 0.2 mL/min, ¥ A2 ¥ : 0~0.5 min,
10%B;0.5~4.5 min, 10%B~70%B;4.5~5 min, 70%B~
100%B; 5~7 min, 100%B; 7~8 min, 100%B~10%B;
8~10 min, 10%B.

1.4.2  JUik &t

MW 55 B TR, O BRI, 2 R M
(MRM) #5  F1 4, B 4148 i R 1.0 KV 2 1 5 i
JE 2150 C 5 JBE %5 ) SR < 450 °C 5 B i 77 A< it i
900 L/h; 4 fL < % &« 150 L/h, T R 4 2 5
LR 1.

2 HR5ITR

21 RERESH
i %) 50 ng/mL 14 b5 o 5 W, 8 0 B A 4

R NPy W S - R R i ]
EAERE MERRE RESES T8
THH DL F B fm WA R R 3 PR e & T3
F, F AL Ak HEFL BB R R0l 3% BE 5 trans-DCCA 5
cis-DCCA .2-PBA 5 3-PBA Jy Wi 41 [7) 4> S # 1A , I
%R AR S B ], LUBR RO BE B a] e M BLR
s S HLFE 1.
22 HHEBIESBEEHG

A WF 5% 3 S AR vk D R Y | 5
BE BRI AR, R T (% R
AL Y 2l A 2H R Rk R I R A A R
WA . FE A E AR BB O W, B T ACQUITY
UPLC HSS T,(100 mmx2.1 mm, 1.8 wm, 3 £ Wa-
ters /A 7 ) 5 ACQUITY UPLC BEH C,, ¥ fl % F (1
TEAE AT RE . A YRR SE L H AR A W A 3L
O3B AR C o FE A W IO 56 3y IR0 2% IR, G XY
IR Y 355 1Y cis-DCCA il cis-DBCA Wi Flifk & 4
RPERTE IR . K, J5 22505 v £ BEH
C, (iEHEDEAT M. XFHLZFOKA S A HMAS
DA T 20 AH ALk, 285 51 26 B < 5 0 [R) A Ry B0
2 AH L, SR A SR 7K AH B 0 590 B B 35 B2 T+ 2 5o i
Wy 1 e 7 5 R 5 A Y 2 R AR R AR BN 0.1% 4 &
0.2% K, % fA e Ry 52 R B o Al & R B 5 WA
o S N DAL o i S e N R NE N N
FEA LA CH B S 206 ) v n R 5 2 1R 25 7 3K
Wi 7 R . 25 % i 2B 0.1% SRR S
CMEVE R U s AHAAR & o AR 43 BT 9 1 0 1sF 149 3 3
AH BP0 A A B R B R e fiff LR DL C ) AR A 1 R
BRI . TEW R AR, %5 T 0.1~0.3 mL/min i
N H AR o B 5 e AR Ak B I G R T
HZ W R F% 5 76 0.1 mL/min 54 F , ¢is-DCCA 5

x1 SHOWWIMNIRHRERESH

Table 1 MS acquisition parameters for the five analytes and internal standard (IS)

Parention Product ions Cone Collision
No. Compound Abbr. t./min
pou (m/z) (m/z) voltage/V  energies/eV ¥ !

1 trans-3-(2,2-dichlorovinyl)-2,2-dimethylcy- trans-DCCA 206.9 35.0°, 119.0 30 12, 10 5.53
clopropanecarboxylic acid

2 ¢is-3-(2,2-dichlorovinyl)-2,2-dimethylcyclo- cis-DCCA 206.9 35.0°, 119.0 30 12, 10 5.72
propanecarboxylic acid

3 3-phenoxybenzoic acid 3-PBA 213.1 169.0°, 145.0 20 12, 15 5.51

4 4-fluoro-3-phenoxybenzoic acid 4F-3PBA 230.9 92.9", 187.0 22 22,8 5.55

5 (1R-cis)-3-(2,2-dibromoethenyl)-2,2-dimeth- cis-DBCA 296.8 80.9", 183.0 30 20, 12 5.85
ylcyclopropane carboxylic acid

6 2-phenoxybenzoic acid” 2-PBA 213.1 169.0", 145.0 20 12, 15 5.19

* Quantitative ion. # IS.
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Fig.1 Extracted ion chromatograms of the five analytes
in spiked samples from non-occupational exposure
populations

2.3 RTEETANER FM4AMK

PRAE B4 i Ak B3 R S A A UK i 5 A HOR
A IR o DA i 2 R A AR PR AE S o, R A
P W A8 A 3, UMK [ e 5 5 B4 45 b, 3 Al B Ab
HZE AR b 4 5 ORI R T

231 KA H

PR ARt 2 R AR 1 R R K L 2 38 1 R
S AL 2 S AT 25 G SR AR e B A IR TR A LT
A AT AR ICME o AR 5T DL AR K SF- R 50 ng/mL
() A B2 il IR A RFE X4, RE LT EhR ik
KR I EERTET ] 3 AN SCHES B, A R R 2 BT
o TEERERE NP H, 24 2 moV/L e 1A
20 pL 4% 200 pL B, trans-DCCA i [l i % &2 3
& EAE TR ES I T 150 pL i35 3 05 .
ZWEE A 100 L (4 I3 22 4k 3 (p<0.01) ,
1M 200 WL B 22 57 A48 1 3 (p>0.05) o Hiax 4 Fh4y
BT #E AN T3] 35 TR U8 3t 1 1 1SR 38 T8 e 1 2 22
5 (p>0.05) o DRI, B o5 A3 38 W2 VS I & o 150
pLo SE7K ff I B2 T, % %8 T & il (room tempera-
ture, RT, %) 20~25 C) .50.80 & 100 C 4 I /KF .,
SRR YA =TI L T 7/ RS AT @ 3 N Y o ]
P H =S 50 THAFT 0 M3 2E 7oA 2
(p>0.05),80 C5 100 CZ b 78 T i 2% 2% % (p>
0.05) . % F= ik F/KMEC AT AT & iR, B4
PR TR 97 B, 503k £ 2 IR 1E N K IR R o K i 1)
V] ) 5 1) 3% 30 Ay [ oA 6 I e [ 1) S8 K S T o ) R
ik, 475, cis-DBCA £ 10 min 5 20 min /K fift i}
(] T 1 [l 5% 2 5 A 3 (p<0.01) , A% 4% B[] At
lH] 22 F ¥ AN B F (p>0.05) . % EF cis-DCCA 5
cis-DBCA ({3 i i Ji7 72 £ B A%, H. = & B 7E 30
min B AR B 05 L 28 B A ROR 5 RBUE B
AL 30 min A EK RIS E] . 25 b ARAESE A AR
(1) RASE G Ak BRK i S5 A8 22 A0 R < 7E 1.0 mL JRFE
A 150 pL 2 moVL #: % , F = T = M 30 min.
232 FEHEAH

K A G (8 K i 45 8 AL B2 50 ng/mL fin b5 fR
FELRGEHRT AR B LR TR LTk B E O e
4 T A ] B s R 5 BR G B  A AE IOHE g (1A
3) o SR FRWT, 4 o R Ay AR R I R R
47.7%~63.6%, Ho v 2, iR 2 TG 1 0] 050 R 9% 1 A
(RSD<10%) , i T HAEE /I o Btk & T B A
[ e = T/ | < A e e O A
12.4%. PRt >R FH B30 A R0 bR L AL T 1 H 212 &
fis R AR, A R RS S bR . BS R AL T %
AR 0 FH o B AR TR ] . 25 SR R, Y AR O
AR 2~4 mL G FE N, 25 50 B P Il i e B 2
(p>0.05) , ¥ FE 2 mLE ML A S &, K
A JCHSE (8156 4543 1 4 [l i % 08 2 52 0, {H 30 min
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Fig.2 Effect of different hydrolysis conditions on the re-

coveries of the five analytes (n=3)

B 22 5043 A W ] AT %R N B LR A MR R AT . B
S E AEBUSAT N 2 mL 2R 21 , AL 30 min.
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A REAE FUAE , AVEH 38 B 800; « L AETE 80%~120% A
55 3 J RN, 50%~80% B 120%~150% A H 25 5 i
BN, <50% B> 150% i 6 s, g5 SR oK,
trans-DCCA . 3-PBA 5 4F-3PBA (% 3 i 5 ¥ HC (E
20 76.4%.72.0% F1 78.1%, J& T+ H EE B AL 5
cis-DCCA 5 c¢is-DBCA 43 5l & 102.4% #1 90.4%,

Extractant time/min
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Fig.3 Effect of extraction agent types, dosage, and ex-
traction time on the recoveries of the five analytes
(n=3)
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# 2, B% GBZ/T 210.5-2008, LA A5 1fE 25 ¥ 9k 17 i
RS e B S < 0 A 10 WK e B A A
THE 22 (S S AAR E 22 (SD) L, A 3 4% SDxlj
S-S E/BE I AR v BE 4 SR O ik i A 1 BR (LOD)
PL 10 45 SDx ) 5 S 24 {8 /730 38 I Aw v B, V8l 5 2
17 JE B (LOQ) o 45 SR B, 5 Fl4r BT ¥ i 26 1 1
BRI, M 5 R B () >0.995, 77 Bk B K HY BRI L
0.13~1.32 ng/mL, *& & FR{E F 4 0.44~4.39 ng/mL.
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Table 2 Linear equations, correlation coefficients (7) ,
limits of detection (LODs) and limits of quantifi-
cation (LOQs) of the five analytes

Com- . . LOD/ LOQ/
Linear equations r
pound (ng/mL) (ng/mL)
trans-  Y=3.68x1072X+4.01x107° 0.999 0.18 0.61
DCCA
cis-DCCA  Y=1.31x107X-5.19x10™" 0.999 1.32 4.39
3-PBA  Y=1.92X+1.60 0.999 0.20 0.67
4F-3PBA  Y=2.27X+2.98x107> 0.999 0.13 0.44
cis-DBCA  Y=1.55x107X+1.28%10° 0.997 1.21 4.03

Y: quantitative ion peak area/internal standard peak area;
X: mass concentration of target compound, ng/mL.

243 HHEEEE

% % GBZ 210.5-2008, #2 ¥ br i [l 28 28 M 75
B, DA AR 42 fih 25 B9 TR & PR FE S 2 5T E il 20,50, 80
ng/mL 3 A IKF bR AR i, B R 6 4 Tl I
FEAE b AR AE , ARE SO bR DSk 0 e S 24 i el
WA Ry 7 v WA B, DI S 4 SR 10 R K o v i 22
(RSD)E S J7 1 AL AR %5 B2 5 % 3 AN Wk B2 i b
FeEdh 16 3 RINHBEAT 6 IREZ W& 1T 6 41 %4
(19 RSD 1E Ry J5 i 0y 4L (8] 4% 25 B2, 45 2R WL 36 3, 7 ik
HERA 54 91.0%~102.0% , 4tk RS % B 1.1%~8.1%,
LTI AS B E R 1.1%~4.6% , 241 <10%.
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SR PF Al E AR 53 A 4 00 DR A R M AR SR
Ak 42 fil R G PR BE T, i 45 50 ng/mL fnA A
an, IF TGS H O E ) e T o R AR R O
WE TR 4 C R -20 CEAF FA~-AE , 44 B i
12 fpkEA . Hodr A 41 (6 ) T i Ab B 24 K ¥
Fr, B 416 ) T 43 25 i BRVR I 4w, 20 3 58 3 K
RS 7 RO E W IR T RER (R 4) 0 45385017
WY, A ZH B 32 Sl 1R AL A Dy B AR A
MU s, B AN 7E A 41 3EaE 1ok — 25 I B A7 33 A2
T AT R e AR AR . R FH ARSI SR, DL Ay

R3 STWAHMWEINKETHEBZRMNETFRAERZE (n=6)
Table 3 Recoveries and relative standard deviations
(RSDs) for the five analytes spiked at three lev-

els (n=6)

Com- gfif:(;/ Spiked/ Found/ Recov- Ll;ir:h ::tirh
pound (ng/mL) (ng/mL) (ng/mL) ery/% RSD/% RSD/%
trans- - 20 20.4+0.3 102.0 1.4 2.3
DCCA 50 47.8+1.7 95.7 3.5 1.8

- 80 79.7£1.9 99.6 2.4 1.9
cis- - 20 18.7+0.6 93.6 3.5 3.3
DeeA - 50 45.5+£3.4 91.0 7.4 2.2
- 80 75.7+4.1 94.6 5.4 1.4
3-PBA - 20 20.3+£0.2 101.4 1.1 2.3
- 50 48.5+1.2 97.0 2.5 1.8
- 80 78.1+1.3 97.6 1.7 1.1
4F- - 20 20.2+0.3 101.2 1.4 2.2
3PBA - 50 48.9+1.6 97.7 3.3 2.4
- 80 80.4+1.0 100.5 1.3 1.8
cis- 3.1 20 22.2+1.5 95.5 8.1 4.6
DBCA 3.1 50 50.2+2.9 94.1 6.1 3.2
3.1 80 83.7+£2.3 100.7 2.8 4.2

—: not detected.

ey 5 W AR AR LU (B D A A by BRIE B A ST
BERN T B4, BIRS R SR, Bis =
TN R R R, ATRE S A R OG5 -20 C
TRAFFEAR ZUR R AL 3], R BRI B R T 4 CTHRAF
16 4 CIRAE 7T KRG ,A B KA T EFIHMKET
10%, Bt BH 5 Bl 0L B He 48 i 18 1 9 78 Of A7 10 1) 5 i
BA T, BE 4 CEETTEDRE G
1R,

2.4.5 SRR &

W I 2N = SCHIUN BRI A 42 ik 400 B3 1R 44 T 1Y)
ST N BURBAEA I 18 4y, 3 FRA 5 1 I 2 5
Fofr 400 % oG T A ) % &, Horh cis-DCCA Al
4F-3PBA YR K i, trans-DCCA A 2 A, & T
EEMER 1A, & & 0.87 ng/mL;cis-DBCA A 4 A
WL AR T E R 3-PBA A 16 A L K
R 88.9%, i T R 8 A, Bl 0.69~1.59
ng/mL, 1% 45 5 5 [ P9 4h SCHk A0 R B8 g AR
FE AR B i 0 A 9 8 58 X 3-PBA [ K H 5 R AG:
Hh Y PR AR — g0 S B A RE 3-PBA K P
T e 1 PR R 2 A A TR AR i DA S G g AR L B
SR AR 245 (1 i 11
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x4 SWHOWMMERABRERGFTHTHRE(n=3)
Table 4 Decrease rates of the five analytes under differ-
ent storage conditions (n=3)

Decline rates/%

Compound Temperature/C 3 3d 7d 7d
(A) (B) (A) (B)

trans-DCCA -20 5.3 0.4 8.5 8.8
4 2.5 3.3 2.4 6.3

RT 7.3 8.0 14.4 6.0

cis-DCCA -20 6.0 4.5 8.3 4.1
4 6.3 0.7 2.5 4.8

RT 12.1 5.2 10.5 13.3

3-PBA -20 6.1 1.2 3.1 4.3
4 1.4 4.1 1.8 1.2

RT 6.1 4.7 8.9 1.1

4F-3PBA -20 4.6 3.3 33 4.7
4 0.3 3.1 1.8 1.5

RT 5.9 4.4 8.7 2.5

cis-DBCA =20 15.0 0.8 3.3 0.9
4 5.9 7.3 0.9 7.1

RT 6.8 4.3 0.2 4.4

RT: room temperature; A: group with IS added on the day
of pretreatment; B: group with IS added at the time of sample

aliquoting.
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