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Evaluation of uncertainty in determination of two quaternary ammonium

salt disinfectants in drinking water by high-performance liquid

chromatography tandem mass spectrometry
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Abstract: [ Objective] To achieve good internal quality control of
chloride  and

determination of decamethylammonium

benzalkonium chloride residues in drinking water by high

performance liquid chromatography tandem mass spectrometry,

and to promote the improvement of detection methods.

[Methods | A mathematical model and fishbone diagram were
established to evaluate the introduced uncertainty components,

and the combined standard uncertainty and expanded uncertainty
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were calculated. [ Results ] Under the inclusion factor £# =2, and
the decamethylammonium chloride and benzalkonium chloride
residue in drinking water samples was 4.3 pg/L and 4.7 pg/L and
their expanded uncertainty U was 0.52 pg/L and 0.48 pg/L,
respectively. [ Conclusion] The uncertainty in determining the two
disinfectants with high performance liquid chromatography
tandem mass spectrometry mainly comes from the preparation of
the series standard solutions. determination repeatability, and
instrument calibration, etc.
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& (Da phnia magna) [ H05800 i & W& ECs, (48 h)
15.6 pg/L. %t H AR = M8 8 (Dugesia japonica) 85
BEJR R E LCs (96 h) g 210 pg/L, Xt 82 F1 T B HESh )
9 ECs (96 h) 2y 23~380 pg/LES 10, DL F %4 /2 LA 3 B
Y QACs BIVA] Xt 7K 2B 2B W 0 AR K B3 T B AE A7 7 4R
G ailA RSB un L/ LN XS PN ez

H a7 %+ F K H QACs 5% B[R b o i oK 1E
o WIS TR T S v R A A ot B L A A
% kDY QACs 5% B | TFJR Wa . I AN a2 B T 7
— BB LA 4t 4 2R A e RIS L R B R BT T
MR FEN . BB A R KT DDAC.BAC MK
AH 8,3 — B8 BE I 3% (HPLC-MS/MS) I 5 77 15 S BF 5% %t
G, 3T I B R B e, Db EE RS GUM i (G &2
R BE PR E 5 #on) DX SE i B R 5 A 45 R i
AT 0T A S B T k=2 B () DDAC,BAC 5% ¥ &
Gy X TE] DA TE IR 45 5. DL B A K TR K R B
QACs Z& W) o A I i Jo 12t 45 1) AR F 7K B9 90 35 22 4 PR F
fl BRI H AR S
1 M55k
1.1 #eEN=E
1.1.1 e

DDAC #5 7 . 4l & 88.5%, 8 E Sigma-Alorich

/L\\#

Zl

BAC #r i 5 - 413 80% » 1 Macklin 24 7
R - a4, 75 E Merck 287 ;
FEIK— 3 CHLB) B AHFE BN - 60 mg(3ce) » EH
Thermo Fisher Scientific 2\ # ;

Il 4T 4RI . FLAR 0.7 pm, P E Whatman 23 & 5

A (10,100,500, 1 000 mL) W (1,2 mL):
A G, T R A ) i A R A R

W A% : 10~ 100,100 ~1 000 pL, % E Eppendorf
NP

R ALK - 3R 2>0.055 uS/em, L E A il ;

JKAE DL 5t T B A ok K Sy 7 i B i [ i v [ A
(TDS)150~200 mg/L],
1.2 EEAUREAS

TR SO AH 83— = B DU AR R EB K T 4 . AB SCIEX
Triple Quad 4500 %4, 32 [E AB /A7l ;

ST R CPA224S B (e /N5y B d = 0.1 mg) ,
[# Sartorious 2\ ] ;

[#] FH 2 HUH: % < Dionex AutoTrace® 280 SPE2 L %1,
% [E Thermo Fisher Scientific 2 7 ;

4 H 3 & W Wk 45 {¢: Talboys-32-Port #!, 3£ [
Talboys 23 7 3
LIPS At s . DP-2000 B, Y M 2 S 06 X £
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HBRAFE

TH KB . B-491 B, #8 [F Buchi 22 A,
1.2 RIEAHE
1.2.1  ARMERGIEWECH 7 4300 4 B KT o 6 Bk I
113.0 mg DDAC FrifE i - H S NG % i J5 B 100 mL %5 &
WL E R EZ R LB 1 000 mg/L DDAC 47 i fif &
W, M1 mLBRE BB DDAC R4 1 mL & T
1000 mL ZFfEH , HHZ I E A 22 B, i fl i 1 mg/L
1 DDAC a1 . RIFET7 AR 125.0 mg Y BAC #5 ik
mi B 1 mg/L BAC IV .

A1 mL B2 7 BB DDAC ¥ ja) # 0.05,0.10,
0.20,1.00 mL, & — &%) 10 mL A& M. H W ERE
ZI0% 5 2 mL BRI DDAC HE# . E 10 mL 44
e R =2 1 mL B WE 0 0 B I
DDAC #r#fifif 4 1 mL,Z 1 000,500 mL & . H
LB EATZE ., VL EIrEEC K L DDAC bR ifE R 51 %
W5 B W BE 43 1R 0,005, 0,010, 0.020, 0.100, 0. 200,
1.000,2.000 mg/L, #& [F#F J7 3k Be 6l A7 [7] 5T 4 v B Y
BAC fR#ERIVIE W .

1.2.2 B 5 AT AL 2

(1) KR 38 B 250 mL KEE 2 30A 0.45 pm BEES
22 8 WL ) B I AL OUS il B B B A v, R S K AR
100 mL, {3 & A6 25 B,

(2) SPE [& A # Ht. Bt HLB [ 41 % B, 56 )5
5 mL ZJE .10 mL 2 8 F K& b CA R, 76 16 L)
AR F HUR Z A, 4 A RIKBURHER, LA RS T L
1.5 mL/min BB 100 mL KA 4E, F- 2L 20 mL A&
VRV HEATVRME (Vg 2 Vi # Ve =812 9 ¢ 100, L& BE
B F 25 mL E A&,

(3) HEBOR e G - K5 20 304 1 RS Y 3R K
B PR KR 30 CLEMARR T AR £ 5 mL
LT,

) BRFHLWE—IKV
R EAE 5 mL, 5,
1.2.3 WA g & (4 35% # : Agilent Eclipse plus Cyg
(150 mm X 21 mm,3.5 pm) ;AR .25 C sl A:0.2%
W2 i3 A0 B: C I, A6 BEVE IR P I 36 1 3 #F 4t
5 pl,
124 JRIEAM B TR B B PR (ESD ; SR
22 2 RO W (MRMD 5 48 05 20 1E 8 F 43 1 5 43 # 0
.20 ms, FHIGSHIE 2,
1.2.5 AW AR

xzcox&x,f[{, e

Vo
=
x— KEEH DDAC/BAC 3% 85 & ,mg/L;

Ve =1+ DKESR
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Table 1  Gradient elution program of the mobile phase BAC it ¥ ¥ . mg/L;
W] /min $/(uL + min ') WEIM A/%  WEIM B/ Y% Vi— I FEA R mL;
0 500 50 50 Vo— KRB, mL;
5.50 500 5 95 Fr— BB TR T,
5.51 500 50 50 R B R R 4 AR, VR WL VR 4 0 T 4 R R X
6.30 500 50 50 DDAC/BAC %% B it o #7465 MR, R FH Il i 3 4% 1F [+
700 000 0 100 £ RE BRI E 5 DR ) S A B o B 34 20 P 5% B
7.50 500 0 100 T 0
% 2 DDAC.BAC MEMRILSH
Table 2 Mass spectrometry parameters for DDAC and BAC determination
s CERE T EME T KRR/ AOHE/  #ifERER/ fiElO
m/z m/z \Y% eV HE/V
DDAC 326/186 326/57 120 10 38.0 7
BAC 304/212 304/91 105 10 28.7 7
1.2.6  BESBPRMEARTRE ERIE KFEH DDAC/BAC B, BEBARZESH JJG 1962006 H FH 8% 53 & 25 K M

B3 BRI R 25 R O i e B OR TR R Bl DY R
1,

3 3k AL 0 e AN A A A A DT A 43 AT A A
LW T DDAC Hil BAC 5% B3 48 I 5 25 5 00 R 1 o
Ok VL = B 5 R ORI 0 R L ik el
WR A B e L) e PRI R B
2 #RS5nbr
2.1 AHEENEMNTEE
2.1.1 FEREBUGERESIAMARH EE R
Fog BOKAE (100 mL A& D € 2 (10 mL 2B ) i

AV ] g %
oA ik HEI
it B WTRC o1 e
o 7 VR T 1 w4 i
IR k55 R
SE 2 S I ’
YR A AL EREIE BB 5 1

RESRE . geRe  IXEREORE EAEMERE

H 1 DDACH BACR Z W R ZE LR

),100 mL BWEHF AN £0.08 mL, A % 10 mL
ZI RS AR AR2E N £0.05 mL, BiETE X [H N K454
LB k=3, HLBERELMA L5 C.EHMLHEM
PRAUE K 2 HCR 1,37 X 107°C 1, R 2 i 114 1L 3 2% £ 1k
TR i 22 30K T 3% 38 3 4% 00 R BRI JIK 3R 48, SOA 25 08 2
IR IR BT A R 2 B . PRE S5 R IR 3.

¥ IR 25 TR B E AL 5w R R)OR M OE , 51 A Y A R
A E AW T . DDAC 5 BAC # 5 iy &b BH 3 7 4
el o WOAS I 5 B TS 2 SR A ]

Ugq C preeDDAC ) = wuq,a ( preeBAC ) =

0.000 57 +0.002 92 +0.004 07 +0.004 07 =0.006 3,
W R A B Bh it R R BRI FE RN 5 pLl,
AT bR 22 9 £ 1%, B350 A, 51 A B A X
ANHE R
s (sp-DDAC) =1, (sp-BAC = 22 =0 005 5.,
J3
B RE i i IS R AR R S A BN B E A A
wea ( C-DDAC ) = wu.. ( C-BAC) =

0.006 3*+40.005 8 =0.008 5,

Figure 1 Source of uncertainty in DDAC and BAC 2.1.2  WWBECH I AT E B
measurement () A U 5 0 B 5 A1) A X0 A M AS 0 5 B« e LA
3 HMEWSIANTIREE
Table 3 Uncertainty introduced by volumetric apparatus during sample measurement
SH iR 255 AR E RIE ARG A AT 2
i
R 2 /mL X FRUEAR B E BE wa (V) EERZE/C CEMAKARR/mL X B8 U AR 7 BE e (2)

100 mL 2 +0.08 0.000 5 +5 0.006 85 0.004 0
10 mL 2 B +0.05 0.002 9 +5 0.068 5 0.004 0
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SO IEAS , DDAC 4 i & 26 B2 (9 fe K fe 17 1% 22 (MPE) R
+0.4% ,BAC #r#E 46 B (1) MPE h+0.3% ., % B35
OIS B ke =A/3, E B o i 2 B 5 AR AS B JRE R AR X R
T B2 430 O

u(p-DDAC)=0.4% /\/3=0.23% ,

uq (p-DDAC) =0.23%/88.5% =0.002 6,

u(p-BAC)=0.3%/43=0.17%,

. (p-BAC)=0.17%/80.0% =0.002 2,

(2) & W/ 51 B R B %€ J¥ - BAC #1 DDAC fi%
FWBE AL T K (d=0.1 mg) .1 mL BRE (A
2,100 mL FEIM R (A 0. E B EaT RS
AR E DA L5 s i fb 3R,

HRAER EIEH, 2T RPN —R.d=e=0.1 mg,
113,125 mg Zff X i e K fe1F 2 25 £0.05 mg, f1 A5
B B LA B AS A S B AR R R W B G A

u(b-DDAC) =0.05/4/3 =0.029 mg.,

U, (b-DDAC) =0.029/113=0.000 26,

u(b-BAC) =0.05/4/3 =0.029 mg,

 (b-BAC)=0.029/125=0.000 23,

BWE AR RIRERLREIRELIIIADY
NS R WL 4, WA T RE MRS & &
e, FL A 52 A & )R AH DG, B BF L DDAC 5 BAC fif %
YT 1) 3k R A [ A W B TGRSR AR TR
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AP AR 28 R TR B B O )R M 26 o A A
35 .

e (cb-DDAC) = (0.000 267 +0.004 0> -+ 0.004 0% +
0.000 62X 2-40.004 0% X 2)'2=0.008 0,

v (cb-BAC) = (0.000 23* 4 0.004 0% +0.004 0> +
0.000 67 40,004 0% X 2)"/2=0.008 0,

(3) F o 22 990 5 YR 1 5 | (RS 0 58 B - i 1 R B
VR BC 4 W 100 pL w8 B AR G 10~100 pl)
A1 mL TR WA (2 100~100 pl) .1 mL W&
M2 mL W& .500 mL &A1 000 mL % &,
10 mL & 5, 2% 1R 22 T iR B 78 A 7 I i o A2 o
SIABA S & B IR DL By i b B A 1Y A 1
RVFIRZEM X IR JJG 646—2006( B I 25k E ML RE ) 1
HEEL AR W FE S5,

H %5 AT 40,1 mL BN 0.1,0.2,1.0 mL H#
A B R R ) — 43 B AR A S I O SR A G A
SCRBO1, F2) THEAT B bR o R 5 S
SERE . HABEEHRIIANAHE RS2l MR%E
. DDAC 5 BAC Fp o i W iC ) 2o F2 AR =], BC 1 51 A 1
AN 2 B A D

N
U = Eum(V,) o (2)
i—1

) VA V8 0 T ) 2o PR B LA S 0

x4 EEREEERIINNIREREEE

Table 4 Uncertainty introduced by volumetric apparatus during preparation of stock solution

HRRETIA WA E

ARG B AN E B

i FE A2/ mL M ARMEATEE v (V) BERZE/C ZHEEKEB/ mL AR AR E B v (0
1 mL BWE +0.007 0.004 0 +5 0.006 85 0.004 0
100 mL % & +0.1 0.000 6 +5 0.685 0.004 0
x5 MERIBEEFSINNAHEE
Table 5 Relative standard uncertainty during preparation of the standard series solution
AR 2E T A AN E B AT AR
L gE| MR ZIEERZE/ HXAREAR B2 3R CIEENK A X AR A
V/mL mL ESE 1 (V) 2/C A/ mL TESE wea ()
100 pL B A% 0.05 +0.001 5 0.017 5 0.000 342 5 0.004 0
1 mL B IR 0.1 +0.002 0.012 5 0.000 685 0.004 0
0.2 +0.003 0.008 7 5 0.001 37 0.004 0
1 +0.01 0.005 8 5 0.006 85 0.004 0
1 mL B & 1 +0.007 0.004 0 5 0.006 85 0.004 0
2 mL BWE 2 +0.01 0.002 9 5 0.013 7 0.004 0
10 mL i 10 +0.02 0.001 2 5 0.068 5 0.004 0
500 mL & A 500 +0.25 0.000 3 5 3.425 0.004 0
1000 mL &) 1000 +0.4 0.000 2 5 6.85 0.004 0
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e (by-DDAC) = uya (by-BAC) = [0. 017% +
(0.012-+0.008 7+ 0.005 8)* +0.004 0% 4+ 0.002 9% +
0.001 2% X5-+0.004 0% X13]"*=0.035,

HEA TR TE T AR T AN S R
u.q (c;-DDAC) =
0.036,

0.002 6 +0.008 0 +0.035" =

uw Cc;-BAC) = /0.002 27 10.008 0% 10.0357 =
0.036,

2.1.3 FRIMEEE S AANHERE o500 %t R — iR
' DDAC.BAC EE M 5 K (n=5), FHIRE & « %
KO EE MR AR 2 s (O GBIt
B EEZ WA AT w.a (COER )T
AT R I 6,

KEBE . BURERE—RRRIEENERAKPETHRAXBENNTHEEITE

PR N (3
n o
N 1 N _Tye
s = /71*12(1’ x)°, 4
w(z) = s(zx) = — (5)
n
o (Cyy = 2 6)

2,14 R E A BCS 4 100 mL AT KRR 40
i DDAC Fl BAC )3 (1 mg/L)10 mL, 4% I8 1.3 #47
FE A 3 43 S0 R T R, 5 AR Il R By
{EL B 9 D 22 B kg 28 TV JBE R 448 2o R ) A T ol 6 7
A 51 BRI AR E B w (C5)H R (3) ~ 2 (6)
EGERIE T,

%6 DDACRBACESEMMELER

Table 6 Results of repeatability determination of DDAC and BAC
I e R/ DDAC BAC
mL Co/(mg+ L™ 3@ E 21/(mg+ L7 Co/(mg+L™") FHKHE2,/(mge LD
1 100 0.080 0.004 0 0.086 0.004 3
2 100 0.078 0.003 9 0.098 0.004 9
3 100 0.094 0.004 7 0.102 0.005 1
4 100 0.082 0.004 1 0.088 0.004 4
5 100 0.096 0.004 8 0.092 0.004 6
""" ¥HE 100 0.08 00043 0003 00047
s () 0.008 4 0.000 19 0.006 7 0.000 15
urel (Cy) — — 0.044 — 0.032
® 7 DDACBAC I ZEMER EZ KK
Table 7 Recoveries determination and significance test of DDAC and BAC
QACs W R/ % Ty R R /% W(Cs) w(Cs) ‘ @
DDAC 110,112,113,114,116 113.0 0.022 0.01 0.008 9 13 1>2.776, &
BAC 94,101,92,93,102 96.4 0.047 0.02 0.022 1.7 t<2.776, N

FI e Rkt B (D A E T RCR S 1.0 (9 8

EER,
_1—R|
e - e

239 DDAC X R =13, 43 S HES 95% , [ i i

B4 B LA G FE £ (95)=2.776 .01l DDAC W R 5 1.0 &
W ER W EH E BRG] AR E E w.a(Cs)s
M2 ¢ K3 BAC MR ¢ = 1.7(<{2.776) , 6 WL P 22 5,
HTE T IR PRSI AR AR EE . (Cs) .
2.1.5  UESR A R M AR EA A E T U (X ) W
AH 3% R I AL AR A HE T A AN 2 S U (X ) 95
MU Xe)=U/k, NKHEIEEF M, U=3% k=2,
MW U, (X ) =0.015,

2.2 BRMRERHEE u.a(X)

DDAC.BAC 5% B8 12 ] 12 45 5% (19 45 R 1 o & 49 2 DL
%8,

i 8 A%, K B DDAC.BAC 5% 8 & I & 19 A i
E P T2 B R T v R ) O A M SRR AR L RE
TR RE DL RCTR [ i (g IR OR B R R 4 i KN HE
FP) o B S A S ]S AH G, A UM X AS 1 7 B
DDAC ) =

U crel (

0.008 5°+0.036%40.044° 40.008 9240.015% =0.060,
tea (BAC) =
0.051,
23 FRAMEE
WA HTFEL=2,7KH 1 DDAC.BACF 8 & 1 ¥

0.008 5*+0.036” +0.032° +0.015* =
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%8 DDACBACKRBENEAHEEEN=E
Table 8

LEE
The summary table of all components of

uncertainty of residue determination of DDAC

and BAC

FZR DDAC BAC
A ot I Ak B R i B 0.008 5 0.008 5
VT ) 3 R 0.036 0.036
W5 A 0.044 0.032
S [ i 0.008 9 /
AR R 0.015 0.015

JEAST R B 4 )R
U(DDAC) =k ¢ uyaq (DDAC) « 2, =2 X 0.060 X

0.004 3=0.52 pg/L~0.5 pg/L,

U(BAC) =k * 1ty (BAC) * 2, =2X0.051X0.004 7=
0.48 ng/1L~0.5 pg/L,

UPLC-MS/MS il 52 K 7 H DDAC 3% B 4 Il o &5
HFER N (4.350.5) pg/L.k=2;KFEh BAC 5% 8 & I
AR FIR N (4.740.5) pg/L.k=2,

3 gnllﬁ

FH 5 250 AR 0 % — ER TG B % 0 D R R K T i
DDAC %ﬂ BAC 18 35 71 5% 88 2, % i £ O ik 00 S 1
A5 T 4307 . 50 5 offe o et 19 BB 3R 32 Ok 1 U TS Y
W 7 A SR A o R IR R A LA R o ] i
SR A B Ay i, LA VA VTR R R AR e R
. 1 mL B W% 2 W Ml F 5 304 B e [ ) A 3 A oG
2 B O v VS A R T A R A AR DR ) A o
TR R R e B VR A AR Sk s 8 D BRI TR B o B ) i
TR REAR 30 %0 LA I 5 e T AR A2k o A M b v A VTR 1 1Y
TR B A A R 2 AR A ol R LA AR AR
SE BE R F2 B DR 2L TR ORI i B A AR /N B v A T
JEE 43 A TRT SR 385 o %) s o 5 VR e 8 10 000 5 R B\ 0 TR B Bk
FHAS S 10045 v 3 i) A% 4 5 vk

5% 30k
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