pH5

pH5
4 22 24
20% 4%
105 2
1,2
95%
11
105 2 4
100 95%

3)

25



11
10

23

10 mL

27

LC/IMS
99.5%

NaCl

CMC-Na

Zn0O

CaCO;

A BPA

1

TBC

98%

VIKOFLEX 7170

M-20
ATFINA
50 4% 500 mL
SS-245 TOMY
121 30
59
DISMIC 25HP
3
66
66
109
100 mL
121 30
40
450 mL
49
500 mL
mg/mL
259 500 mL
1
40
13¢g

45 um

60



*1

*2

*3

mg/mL pg/mL %
1 25 25 100 A
2 15 15 100 A
3 33 3 100 A
4 4% 1.2 4% 12 225 B
5 4% 35 4% 35 160 B
6 4% 30* 4% 30 - B
7 A 2.2 20% 22 80 B
8 6.8 20% 68 50 B
9 8 20% 80 50 B
10 6.2 62 100 A
11 55 55 100 A
12 6.4 64 20 B
13 6.2 95% 62 100 A
14 55 95% 55 100 A
15 95% 6.4 95% 64 20 B
16 6.2 62 100 A
17 55 55 100 A
18 6.4 64 20 B
' pgmL 100 100
2 ><100

*3

W >

*4

100% 95 105%



Milli-Q Gradient A10

1.42
PCB
98%
99% LC/IMS
F BPF
28%
TEC 99%
99%
ATBC
ATEC
99%
Na Ca
Zn 1000 pg/mL
59 ImL
99.5%
7.6%
28%
10 mL 50 mL

200 mg
100 mL

V-650 JASCO

ICP-OES SPS3500 SlI

uv
LC-UV  Acquity Series Waters

LC/IMS  Acquity Series Waters
GC/IMS 6890 GC 5975 MSD Agilent
Technologies
GC-FID 6890 Agilent Technologies

1
40uL 0.1 mol/L 10 mL
ICP-OES Na
1 5 pg/mL
1.3 kW
Ar 15 L/min Ar 0.7
L/min Ar 0.2 L/min
589.592 nm
2
1mL 10 mL
20 mL 10
1 mL
486 nm
CMC-Na 100 500
png/mL
CMC-Na
10 mm 0.1 nm



3 486 nm

3
100 pL 10 mL
100 pL 10 mL
3
ug/mL 1 mL LC/MS
100 500
ng/mL
10 pL Acquity BEH C18
100 mmx 2.1 mm 1.7 um Waters
30°C A0.1% B
A B 99 1 0.25 mL/min
ESI + 3
kV 150°C 400°C
N, 600 L/hr
N, 50 L/hr 20 V
SIR m'z 159 205
4
40 uL 0.1 mol/L 10
mL ICP-OES Zn
1 5pg/mL
213.856 nm
1
5
40 pL 0.1 mol/L 20
mL ICP-OES Ca
1 5pg/mL
393.366 nm
1
6
100 pL 0.1 mol/L 10
mL ICP-OES Zn

1 5 pg/mL

213.856 nm

7
100 pL
BPF
1 mL
10 50 pg/mL

10 mL
300 ug/mL  20%
LC-UV

BPA

10 uL
100 mmx 2.1 mm
30°C
A B 95 5
-A B 5 95
278 nm

Acquity BEH C18
1.7 pum Waters
A0.1% B
I min -
5 min 5 min
0.25 mL/min
8
50 pL 20% 10
100 uL 20%
10 mL
TEC 3 ug/mL  20%
1 mL LC/MS

TBC 100 500 ng/mL

mL

TBC

m/z383
LC 7

299
MS

9

200 uL
LC-UV

10 50 pg/mL

20% 10
mL



10 pL Acquity BEH C18
100 mmx 2.1 mm 1.7 um Waters
40°C A0.1% B
A B 95 5 1Imin -
Smin -A B 5 95 10min
0.25 mL/min 210 nm
10 13 16
10 mL 100 uL
GC-FID

10 100 pg/mL

DB-5SMS 0.25 mm i.d. x 30 m
0.25 um Agilent Technologies

100 -20 /min-320 10 min
250 He 1.4
mL/min
280 30
mL/min 400 mL/min
N, 25.6 mL/min
11 14 17
10mL 50mL
100 pL
25 uL
7.6%
2.5 mL 15
5 mL 0.5 mL
5
GC/MS
1 10 mg/mL

DB-WAX 0.25 mm i.d. X 30 m
0.5 um Agilent Technologies
100 2min -20 /min-250
250
280 He 1.0 mL/min

5 min

1 uL

20 1 70 eV
SIM m'z 270 284
12 15 18
10 mL 100 pL
ATEC 10 mg/mL
50 pL GC/MS
ATBC 10~100 pg/mL

DB-5MS  0.25 mm i.d. x 30 m
0.25 um Agilent Technologies

100 -20 /min-320 10 min
280
280 He 1 mL/min
1 uL
70 eV
SIM m/'z259 203
2 10 2
F
+5%
105
2
5 1 2



RSD; % RSDg %
27
2
10 pg/mL
95%
13 18
100
2

95%

ISO 5725-2 %

Cochran

RSDr %

80 110%

25%

100% 95

JIS Z 8402-29

Grubbs
2
80 110%
RSD; %
7), 8)
RSD, 10% RSDy
%
x 100
105%
B



2 ATBC
10 2
F
1 4 5 6 Na Zn Ca
CMC-Na 2
10
13 16 12
14 17
12 15 18 95.2 103.7%
CMC-Na
RSD RSD
mL
mg/ mg/mL ”, . mg/mL 0 .
1*  ICP-OES 2.5 0.954 1.2 1.53 0.938 1.4 0.46 98.4
2 1.5 1.45 9.4 0.93 1.51 8.9 1.42 103.5
3 LC/MS 3.3 3.48 6.0 1.08 3.31 6.3 1.49 95.2
4*  ICP-OES 1.2 0.978 1.3 1.10 0.964 1.1 0.67 98.5
5*  ICP-OES 3.5 1.38 1.0 0.42 1.40 1.6 0.82 101.2
6* ICP-OES 3.0 0.31 1.5 0.81 0.315 2.0 0.89 101.2
7 LC-UV 2.2 2.23 1.2 2.44 2.19 0.8 0.66 98.2
8 LC/MS 6.8 7.14 6.9 0.51 6.79 8.5 0.77 95.1
9 LC-UV 8 8.30 0.6 0.72 8.36 0.4 1.01 100.8
10 GC-FID 6.2 6.27 2.7 0.45 6.50 4.6 0.18 103.7
11 GC/MS 5.5 5.50 3.8 2.27 5.45 4.7 1.55 99.1
12*  GC/MS 6.4 5.20 3.8 0.26 5.17 2.4 1.12 99.4
13 GC-FID 6.2 6.37 2.9 1.25 6.19 1.9 1.18 97.2
14 GC/MS 5.5 5.30 4.2 0.73 5.22 3.9 0.64 98.6
15*  GC/MS 6.4 4.93 34 0.18 4.93 2.5 1.20 100.1
16 GC-FID 6.2 6.22 2.5 1.91 6.30 2.4 1.19 101.4
17 GC/MS 5.5 5.16 5.0 2.25 5.32 4.8 0.29 103.0
18%  GC/MS 6.4 5.09 2.2 0.92 4.98 4.3 1.16 98.0
* 1 Na 4 /n 5 Ca 12,15 18 ATBC



18

10

v

18

16

A\

200 300 mL

200 mL

mL

18
CJTU

10

X
A F I L

A 1 L OT

18

A%

10

O R S T

X

23

18

10

LOQ
(ng/mL)

LOQ
(ug/mL)

(mL)
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

(mL)
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

10

10

*1

/HP

10

10

1.0

1.0

*2

HP/

LOQ

18

HP 16

15

10

*1



17

23 18 10 18 A FIT1L
O R S X 8
F R W Y 1 9 10 15
B 1 6 7 18 AITL
@) X 5
1 10 pg/mL
23 18
pg/mL 5 pg/mL
200 mL
1 mg
1 9

A T1TLOT X 6

23
1 9 10 18
mL mL
A 100 100
B " 100 50
C 2 20 *2 20
D 200 100
E 60 60
F 50 70
G 100 100
H 200 200
I 200 200
J 100 100
K 300 300
L 200 200
M Si02,ALOs 260 Si02,AbOs 50 20
0 100 100
P 3 6 *3 6
R 50 50
S 100 100
T 50 50
U 300 300
A% 300 300
w 180 100
X 35 35
Y 200 100
. 79 200mL

2 300mL
“ 300mL



5

19
T
177 450 300
O X 05
A1
2
10 18
10 65
10 18
95%
1 9
F O R S
0.5 2
Al L 3
19
100 250
B CD J

12

0

500

105
B J Y
H 1 6
K
1440
H
900

K P R S UV

10

W

3

4 15
10 18
CJTU

40 200

120 920

300

B CEVFHJ

Y

\Y

13

0.5



A 100 I mL 330 360 15 35
I 100 1 mL 300 18
L 100 177 240 154 16.4
o 100 1 mL 240 0.5
T 100 240 420 2 16
X 100 330 450 1
10 18

A 100 1 mL 10 15 120.5
F 100 1 mL 40 1
I 100 1 mL 10 20 18
L 100 19 43 15.5 163
o 100 I mL 30 0.5
R 100 0.5 mL 45 65 1
S 100 " 40 60 2
X 100 10 20 1

13 18 1 mL



17

B HP 150125100 150 25mL 125 mL 100 HP *“ 420 540 0.7
C HP 350,200 330 HIlO mL 0,2100 0 mLO'S mL 270 300 0.5
b P 200 100" 200 3mL 100 HP 420 22
170 - 200 - 100" 170 150 mL 200 3mL 100 1 mL HP 420 46
HP 200 1 2mL HP 300 360 0.5
F HP 100 1 mL HP 360 1
G P 1402 Ll P 300 15 16
120 330 19
i " 105 1230 1440 1.5
Hp 105 1 mL HP 920 1.5
: P 175" } o 290 400 2
130 135, 140 435 525 2
K HP 105 Hp * 900 1
M HP 180 1 mL HP 240 420 4 15
P HP 160 0.5 mL HP 300 360 2
R HP 100 0.5mL HP 420 480 1
S HP 100 HP 490 730 2
U HP 120 20 mL HP 480 2
\% HP 120 30 50 mL HP 480 2
w HP 160 1 mL HP 270 280 15 17
Y HP 250 10 mL HP HP 120 150 1.5
HP
o 1 . 7 " 7 9130 345 135 80 140 100 "

*5



10 18 15
B o HP 100 HP 20 0.7
C =< HP 250200 230 H;O‘“L OVZIOOOVZmLO'SmL 120 210 0.5
D o HP 40,60 2 mL HP 60 90 22
E o HP 100 1 2mL HP 40 50 0.5
G o HP 100" 1 mL HP 10 15 16
H o HP 105 1 mL HP 50 60 1.5
; 5 P 1257 wp 280 350 2
110" 325 405 2
K o HP 105 2 mL HP 120 1
M o HP 180 1 mL HP 10 20 2 15
P o HP 120 I mL HP 30 50 2
T > 100 80 95 2 16
U > 16 960 2
\Y% > 480 2
W . Hp'! 100 1 mL HP 10 17 18
= 70 19
Y o HP HP 15 20 1.5
HP
o 0 15 7 16 18 13 15 40-70 16 18 60-70 " 13 15 120
N 10 12 10 11 40 135 125 . 13 18



16

J
T

960

U

15

10

16

10

18

120 405
80 95

P Y
T
u Vv
10 15 100
16 18
BIJT Y 4
D E G H K M
C
0.1 0.2 mL
v
W
18
120
A\
70
C
U V480

B CEHIJK
10 0.5 2

D G

123
10 11 13 14 16 17
1 3
6
17
1 2 2 4
A I
1 2
X 2
98.4 102.5% RSD, 1.7 2.1%
RSDr 84 22.0% 2 RSDgr



[€9)

1 2 3 4 5 % %
1 46.30133 46.30144 46.30202 46.30183 46.30171
46.301 .0004 E
2 46.30184 46.30151 46.30192 46.30168 46.30161 6301689 0000 00005
1 6.4323 6.4321 6.4321 6.4320 6.4322 6.43214 0.0010 0.0017
2 6.4322 6.4320 6.4321 6.4321 6.4323
1 19.4949 19.4948 19.4949 19.4949 19.4949 19.49489 0.0003 0.0003
2 19.4949 19.4949 19.4948 19.495 19.4949
1 106.3992 106.3988 106.3989 106.3993 106.3993 106.39914 0.0001 0.0002
2 106.3993 106.3991 106.3992 106.3992 106.3991
1 29.4440 29.4441 29.4444 29.4442 29.4443 29 4442 0.0002 0.0004
2 29.4441 29.4441 29.4443 29.4442 29.4443
1 37.2404 37.2403 37.2406 37.2400 37.2405
.24032 .0004 E
2 37.2400 37.2402 37.2406 37.2402 37.2404 37.2403 0000 0.0006
1 37.44182 37.44190 37.44183 37.44182 37.44180 37 44183 <0.0001 0.0001
2 37.44178 37.44187 37.44184 37.44180 37.44179
1 108.0137 108.0142 108.0157 108.0154 108.0161 108.01505 <0.0001 0.0009
2 108.0138 108.0144 108.0157 108.0154 108.0161
1 104.6065 104.6063 104.6061 104.6061 104.6061 104.60621 <0.0001 0.0002
2 104.6065 104.6062 104.6061 104.6061 104.6061
1 57.48442 57.48332 57.48372 57.48471 57.48473 57484231 0.0003 0.0010
2 57.48440 57.48363 57.48405 57.48461 57.48472
1 141.3807 141.3810 141.3810 141.3807 141.3803
141. .0002 .0002
2 141.3803 141.3807 141.3805 141.3803 141.3803 38038 0000 0000
1 56.4151 56.4152 56.4151 56.4151 56.4151 5641514 <0.0001 <0.0001
2 56.4151 56.4152 56.4152 56.4151 56.4152
1 34.89960 34.89840 34.89861 34.89855 34.89821 34898692 0.0012 0.0015
2 34.89889 34.89951 34.89864 34.89835 34.89816
1 40.0218 40.0219 40.0222 40.0220 40.0220 40.02198 <0.0001 0.0004
2 40.0218 40.0219 40.0222 40.0220 40.0220
1 5.84169 5.84172 5.84165 5.84170 5.84172 5 841684 0.0004 0.0005
2 5.84168 5.84167 5.84164 5.84170 5.84167
1 36.4652 36.4653 36.4653 36.4653 36.4653
.4652 . E
2 36.4652 36.4653 36.4652 36.4651 36.4651 3646523 00003 00003
1 56.2042 56.2045 56.2043 56.2044 56.2044 5620438 0.0001 0.0002
2 56.2044 56.2044 56.2043 56.2045 56.2044
1 27.60382 27.60403 27.60372 27.60372 27.60374 27 603806 <0.0001 0.0005
2 27.60383 27.60402 27.60373 27.60371 27.60374
1 94.0671 94.0670 94.0673 94.0672 94.0673 94.06721 0.0001 0.0001
2 94.0673 94.0671 94.0674 94.0673 94.0671
1 85.4478 85.4477 85.4477 85.4476 85.44717 85.44767 0.0001 0.0001
2 85.4471 85.4478 85.4476 85.4475 85.4476
1 64.37325 64.37319 64.37322 64.37323 64.37289
4.3731 < 0.0001 .0002
2 64.37326 64.37317 64.37319 64.37325 64.37303 64373168 0000 0000
1 20.88108 20.88076 20.88075 20.88071 20.88054 20.880777 0.0002 0.0010
2 20.88107 20.88081 20.88086 20.88070 20.88049
1 62.2296 62.2295 62.2297 62.2293 62.2294 62.20047 0.0002 0.0002
2 62.2295 62.2293 62.2295 62.2294 62.2295




(ng/mL)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
283,277 187,182 355,357 241,254 644,648 372,404 19.1,198 283,379 490,50.1 635,640 618,6397 202,334 599,626 606,588 245,208 616,628 586,604 278,279
240,230 130,115 305,320 200,185 575,590 310,295 180,185 11.5,120 475,480 59.0,60.0 540,540 310,300 53.0,540 510,540 29.0,255 600,580 560,535 28.0,305
248,263 148,157 333,348 268,263 593,608 312,312 215,190 200,210 470,465 620,660 550,550 455,495 617,622 557,548 307,327 623,628 557,578 358,382
250,245 145,145 320,330 243,233 593,618 323,298 215,230 44.0,450 475,475 633,643 543,542 542,538 583,608 562,563 542,553 630,630 535,545 57.0,56.0
250,255 145,145 335,320 130,125 590,575 275,285 225,215 180,185 505,520 640,645 625,61.5" 305,295 590,580 550,550 420,410 625,620 570,580 43.0,43.0

— — — — — — — — — 59.5,60.5 555,570 260,295 585,60.5 545,535 350,410 600,595 61.0,565 305,295
270,270 160,155 330,330 220,225 595,590 285,290 195,205 320,375 435,455 — — — — — — — — —
262,257 171,165 314,315 222,226 593,59.6 337,347 25.1,233 446,459 538,526 616,630 571,567 420,428 542,532 518,517 449,426 586,570 522,533 404,380
265,245 185,170° 275,295 135,105 575,565 290,290 190,175 29.0,300 425,440 590,595 525,525 65,70 555,595 565,570 335,315 630,615 560,580 140,125
275,285 180,185 350,360 29.0,295 685,690 320,320 210,200 285,320 500,500 595,585 540,545 520,515 605,570 505,525 205,155 615,600 550,555 450,465
246,275 166,166 338,337 172,178 603,621 306,320 217,192 404,461 473,476 619,622 566,557 203,99 603,605 542,544 111,174 636,640 567,563 22.7,26.6
295,26.0° 17.0,20.0" 47.0,460°" 18.0,245 740,71.5 395,400 175,185 410,385 560,600 69.0,73.0"' 490,485 500,505 525,535 500,510 27.5,29.5 520,520 47.0,480 525,500
250,245 145,140 305,305 135,215 605,580 285,270 215,210 235,80 515495 670,650 565,580 520,515 555,580 550,545 29.0,31.0 600,610 550,560 14.0,23.0
29.0,29.0" 184,19.0" 23.5,250°1 165,170 620,630 295,285 210,180 550,59.5 500,505 705,723 610,596 50.5,549 593,587 53.6,53.8 458,476 658,657 53.5,536 429,439
255,255 17.0,170° 305,295 185,175 575,590 320,325 185,170 225,260 475,480 620,620 560,560 225,175 590,595 555,535 145,180 605,605 555,575 115,105
253,251 146,150 330,334 203,202 583,580 308,314 212,208 315,317 457,477 505,4807" 542,552 275,296 602,598 526,528 370,386 560,463 53.0,520 41.1,364

— — — — — — — — — 58.0,59.0 535,535 255,275 590,585 540,540 355,365 605,590 575,565 275,270
245,260 140,130 345,330 170,185 600,600 280,275 215,210 330,320 49.0,47.5 — — — — — — — — —

— — — — — — — — — 615,615 560,550 350,320 550,545 565,555 340,395 645,645 530,545 265,260
245,230 140,140 315,330 310,320 685,705 440,470 180,175 29.0,305 52.0,53.0 — — — — — _ _ _ _
228,232 145,151 332,335 270,242 585,598 272,31.1 206,217 47.1,437 495,483 — — — — — — — — —

— — — — — — — — — 570,567 503,504 362,365 609,608 434,429' 338,350 583,566 523,517 37.1,37.0
245,245 155,165 100,957 150,125 585,59.5 320,330  3.0,30 95,90 460,490 620,620 575,580 90,70 535,575 550,530 50,55 600,590 565,555 55,65
265,265 155,225 21.0,21.0" 160,140 600,575 335,305 90,135 145,150 460,460 635,650 610,580 220,110 515,510 555,540  7.0,80 620,625 600,580 23.0,24.0
259,258 148,151 328,332 224,193 638,60.1 304,318 224,225 215227 479,476 618,615 548,545 436,456 608,607 540,531 327,334 619,599 53.1,523 324,368
244,232 97,94" 294,305 135,181 530,550 194,230 198,167 342,336 441,470 620,629 555,561 472,420 59.6,599 532,535 468,478 627,624 537,554 465,408
285,290 165,17.5" 345,290 230,165 580,600 430,395 190,210 260,300 520,520 625,635 575,580 47.5,485 585,585 515,540 46.0,315 600,590 57.0,580 210,235

" <100 % ] 80% 110%



pg/mL
1 2 3
A 28.3,27.7 " 18.7,18.2" 35.5,35.7
I 27.5,28.5" 18.0, 18.5"" 35.0,36.0
L 25.0,24.5 14.5, 14.0 30.5, 30.5
(0) 25.5,25.5 17.0, 17.0™" 30.5,29.5
T 22.8,23.2 14.5, 15.1 33.2,33.5
X 24.4,23.2 97.9.4" 29.4,30.5
ng/mL 25 15 33
ng/mL 25.5 15.4 325
% 102.0 102.5 98.4
RSD: % 2.0 2.1 1.7
RSDr % 8.4 22.0 8.4
* 2/6 4/6 0/6
2 0/6 0/6 0/6
x 100 RSD, RSDgr
[ x 100 ] 80% 110%
Cochran 2 Grubbs 2 <1%
1 3
pg/mL
1 2 3
B 24.0,23.0 13.0, 11.5 30.5,32.0
C 24.8,26.3 14.8, 15.7 33.3,34.8
D 25.0,24.5 14.5, 14.5 32.0,33.0
E 25.0,25.5 14.5, 145 33.5,32.0
F 27.0,27.0 16.0, 15.5 33.0,33.0
G 26.2,25.7 17.1,16.5" 31.4,31.5
H 26.5,24.5 18.5.17.0" 27.5,29.5
J 24.6,27.5 16.6, 16.6" 33.8,33.7
K 29.5,26.0"" 17.0,20.0"" 47.0,46.0"
M 29.0,29.0"" 18.4,19.0" 23.5,25.0""
P 25.3,25.1 14.6, 15.0 33.0,33.4
R 24.5,26.0 14.0, 13.0 34.5,33.0
S 24.5,23.0 14.0, 14.0 31.5,33.0
U 24.5,24.5 15.5,16.5 10.0,9.5""
N 26.5,26.5 15.5,22.5 % 21.0,21.0"
w 25.9,25.8 14.8, 15.1 32.8,33.2
Y 28.5.29.0' 16.5,17.5" 34.5.29.0
ng/mL 25 15 33
ng/mL 25.9 15.9 30.7
% 103.5 105.8 93.1
RSD: % 3.8 8.9 4.0
RSDr % 6.5 13.7 24.4
l 3/17 717 4/17
2 0/17 /17 /17
x 100 RSD, RSDgr
[ x 100 1 80% 110%
Cochran *2a Grubbs 2 <1%



1 3 2 7
3 4
K M 3
M
3 5
2 3 Y 1 2
\% 3
3
Cochran 2
3 1 2
Vv 3 Y
2
2
93.1 105.8% RSD, 3.8 8.9%
RSDy 6.5 24.4% 3 RSDgr
2 3
2 6
4 17 7
X
2
Na
3
17
4 M
vV 3

6
17
4 6 B
4 135 295
pg/mL 21.8 pg/mL 5 53.0
69.0 pg/mL 60.7 pg/mL 6
19.4 40.4 pg/mL 30.2 pg/mL
RSD, 1.8
12.9% RSDr 8.7 26.6% 5
6 RSD, RSDy
4
4
L X I
4 105 32.0
ug/mL 19.6 ug/mL 5 565
74.0 pg/mL 60.9 pg/mL 6
27.5 47.0 pg/mL 32.6 pg/mL
RSD, 2.1
9.6% RSDr 6.9 26.5% 5
6 RSD, RSDg
4  RSDg
E H U
\Y% S
4 6

4 ZnO



RSDgr

2
4
6
pg/mL
4 5 6
A 24.1,25.4 64.4, 64.8 37.2,40.4
I 29.0,29.5 68.5, 69.0 32.0,32.0
L 13.5,21.5 60.5, 58.0 28.5,27.0
e 18.5,17.5 57.5,59.0 32.0,32.5
T 27.0,24.2 58.5, 59.8 27.2,31.1
X 13.5,18.1 53.0,55.0 19.4,23.0
pg/mL 21.8 60.7 30.2
RSD: % 12.9 1.8 6.1
RSDr % 26.6 8.7 19.8
0/6 0/6 0/6
Cochran "2 Grubbs 2 <1%
4 6
pg/mL
4 5 6
B 20.0, 18.5 57.5,59.0 31.0,29.5
C 26.8,26.3 59.3, 60.8 31.2,31.2
D 24.3,23.3 59.3,61.8 32.3,29.8
E 13.0, 12.5 59.0, 57.5 27.5,28.5
F 22.0,22.5 59.5,59.0 28.5,29.0
G 22.2,22.6 59.3, 59.6 33.7,34.7
H 13.5,10.5 57.5, 56.5 29.0,29.0
J 17.2,17.8 60.3, 62.1 30.6, 32.0
K 18.0, 24.5 74.0, 71.5 39.5,40.0
M 16.5,17.0 62.0, 63.0 29.5,28.5
P 20.3,20.2 58.3,58.0 30.8,31.4
R 17.0, 18.5 60.0, 60.0 28.0,27.5
S 31.0,32.0 68.5,70.5 44.0,47.0
U 15.0, 12.5 58.5,59.5 32.0,33.0
A% 16.0, 14.0 60.0, 57.5 33.5,30.5
w 22.4,19.3 63.8, 60.1 30.4,31.8
Y 23.0,16.5 58.0, 60.0 43.0, 39.5
pg/mL 19.6 60.9 32.6
RSD: % 9.6 2.1 3.6
RSDr % 26.5 6.9 15.5
0/17 0/17 0/17
Cochran 2 Grubbs b <1%

Zn0O



pug/mL
47.1 pg/mL

44.1 51.5 pg/mL

18.2% RSDg

9 RSD,

8

pug/mL
59.5 pg/mL

42.5 60.0 pg/mL

6.9% RSDg

6
17
B
7 167 21.7
19.7 pg/mL 8 8.0
30.4 pg/mL 9
48.7 pg/mL
RSD, 23
85 352% 7
RSDy
0 T
7 3.0 251
18.8 pg/mL 8 9.0
30.2 pg/mL 9
48.9 pg/mL
Grubbs 7
RSD, 23
7.6 43.9% 9

RSD, RSDy
8 RSDg

20.4 pg/mL  RSD,
9.9%

BPA
250

7
5.5% RSDg

TBC

20 mL



pg/mL
7 8 9
A 19.1,19.8 28.3,37.9 49.0, 50.1
I 21.0,20.0 28.5,32.0 50.0, 50.0
L 21.5,21.0 23.5,8.0 51.5,49.5
0 18.5,17.0 22.5,26.0 47.5,48.0
T 20.6,21.7 47.1,43.7 49.5,48.3
X 19.8,16.7 34.2,33.6 44.1,47.0
png/mL 19.7 30.4 48.7
RSD, % 5.6 18.2 2.3
RSDr % 8.5 35.2 4.1
: 0/6 0/6 0/6
Cochran *2a Grubbs *2b <1%
7 9
pg/mL
7 8 9
B 18.0,18.5 11.5,12.0 47.5,48.0
C 21.5,19.0 20.0,21.0 47.0,46.5
D 21.5,23.0 44.0,45.0 47.5,47.5
E 22.5,21.5 18.0,18.5 50.5,52.0
F 19.5,20.5 32.0,37.5 43.5,45.5
G 25.1,23.3 44.6,45.9 53.8,52.6
H 19.0,17.5 29.0, 30.0 42.5,44.0
J 21.7,19.2 40.4, 46.1 47.3,47.6
K 17.5,18.5 41.0,38.5 56.0, 60.0
M 21.0, 18.0 55.0,59.5 50.0, 50.5
P 21.2,20.8 31.5,31.7 45.7,471.7
R 21.5,21.0 33.0,32.0 49.0,47.5
S 18.0,17.5 29.0,30.5 52.0,53.0
U 3.0,3.07% 9.5,9.0 46.0, 49.0
\% 9.0,13.5 14.5,15.0 46.0, 46.0
w 224,225 21.5,22.7 47.9,47.6
Y 19.0,21.0 26.0,30.0 52.0,52.0
png/mL 18.8 204 30.2 48.9
RSD: % 6.9 55 6.1 2.3
RSDr % 268 9.9 43.9 7.6
: 2/17 0/17 0/17
Cochran "2 Grubbs "2 <1%

u v



10 18
8
15
12 15 18 B
10 11 13 14 16 17
10 13 16
11 14 17
11 1
A
94.5 102.6% RSD, 1.1 2.6%
RSDr 2.8 5.2%
12 15 18
12 15
18
12 17.5 52.0 pg/mL 353
pg/mL 15 145 47.8 pg/mL
30.6 pg/mL 18  10.5 46.5 pg/mL
28.8 ug/mL
RSD, 9.1
11.3% RSDr 359 40.8% 12
RSD, 3 RSDg
3

11

10 11 13 14 16 17

10 3

Cochran 11
16 1 Grubbs 14
1
929 101.2% RSD, 1.3
32% RSDr 55 8.6%
12 15 18
12 6.5 54.9 ug/mL
34.1 pg/mL 15 50 553
pg/mL 31.8 pg/mL 18 55
57.0 pg/mL 33.3 pg/mL
Cochran 15 1
Y
RSD, 53
9.8% RSDr 41.1 48.3% 3
RSDg
3
HJ U \Y%
J
U A%
12 15 18
12 15
18
ATBC ATBC 200



10 18

pg/mL
10 11 12 13 14 15 16 17 18
A 63.5, 64.0 61.8,63.9" 20.2,33.4 59.9, 62.6 60.6, 58.8 24.5,20.8 61.6,62.8 58.6, 60.4 27.8,27.9
F 59.5, 60.5 55.5,57.0 26.0,29.5 58.5,60.5 54.5,53.5 35.0,41.0 60.0, 59.5 61.0, 56.5 30.5,29.5
I 59.5,58.5 54.0,54.5 52.0,51.5 60.5, 57.0 50.5, 52.5 20.5,15.5 61.5, 60.0 55.0,55.5 45.0,46.5
L 67.0, 65.0 56.5,58.0 52.0,51.5 55.5,58.0 55.0,54.5 29.0,31.0 60.0, 61.0 55.0, 56.0 14.0,23.0
0 62.0, 62.0 56.0, 56.0 22.5,17.5 59.0,59.5 55.5,53.5 14.5,18.0 60.5, 60.5 55.5,57.5 11.5,10.5
R 58.0,59.0 53.5,53.5 25.5,27.5 59.0, 58.5 54.0, 54.0 35.5,36.5 60.5, 59.0 57.5,56.5 27.5,27.0
S 61.5,61.5 56.0, 55.0 35.0,32.0 55.0, 54.5 56.5,55.5 34.0,39.5 64.5, 64.5 53.0,54.5 26.5,26.0
X 62.0, 62.9 55.5,56.1 47.2,42.0 59.6,59.9 53.2,53.5 46.8,47.8 62.7, 62.4 53.7,55.4 46.5,40.8
ng/mL 62 55 — 62 55 — 62 55 —
pg/mL 61.6 56.4 35.3 58.6 54.7 30.6 61.3 56.3 28.8
% 99.4 102.6 — 94.5 99.5 — 98.9 102.4 —
RSD, % 1.1 1.4 11.3 2.4 1.7 9.1 1.1 2.6 9.4
RSDr % 4.1 5.2 35.9 3.8 4.5 36.1 2.8 4.0 40.8
. 0/8 1/8 — 0/8 0/8 — 0/8 0/8 —
2 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8
x 100 RSD, RSDy
" [ x 100 % ] 80% 110%
"2 Cochran *2a Grubbs *2b <1%



10 18

pg/mL
10 11 12 13 14 15 16 17 18
B 59.0, 60.0 54.0, 54.0 31.0,30.0 53.0, 54.0 51.0, 54.0 29.0,25.5 60.0, 58.0 56.0,53.5 28.0, 30.5
C 62.0, 66.0 55.0,55.0 45.5,49.5 61.7,62.2 55.7,54.8 30.7,32.7 62.3,62.8 55.7,57.8 35.8,38.2
D 63.3,64.3 54.3,54.2 54.2,53.8 58.3, 60.8 56.2,56.3 54.2,55.3 63.0, 63.0 53.5,54.5 57.0, 56.0
E 64.0, 64.5 62.5,61.5" 30.5,29.5 59.0, 58.0 55.0,55.0 42.0,41.0 62.5,62.0 57.0, 58.0 43.0,43.0
G 61.6, 63.0 57.1,56.7 42.0,42.8 54.2,53.2 51.8,51.7 44.9,42.6 58.6,57.0 52.2,53.3 40.4,38.0
H 59.0,59.5 52.5,52.5 6.5,7.0 55.5,59.5 56.5,57.0 33.5,31.5 63.0,61.5 56.0, 58.0 14.0,12.5
J 61.9,62.2 56.6,55.7 20.3,9.9 60.3, 60.5 54.2,54.4 11.1,17.4 63.6, 64.0 56.7,56.3 22.7,26.6
K 69.0,73.0°" 49.0,48.5 50.0, 50.5 52.5,53.5 50.0, 51.0 27.5,29.5 52.0,52.0 47.0,48.0 52.5,50.0
M 70.5,72.3" 61.0, 59.6 50.5,54.9 59.3,58.7 53.6,53.8 45.8,47.6 65.8,65.7 53.5,53.6 42.9,43.9
P 50.5,48.0 ' 54.2,55.2 27.5,29.6 60.2, 59.8 52.6,52.8 37.0,38.6 56.0,46.3 53.0,52.0 41.1,36.4
T 57.0,56.7 50.3, 50.4 36.2,36.5 60.9,60.8 434, 429"% 33.8,35.0 58.3, 56.6 52.3,51.7 37.1,37.0
U 62.0, 62.0 57.5,58.0 9.0,7.0 53.5,57.5 55.0, 53.0 5.0,5.5 60.0, 59.0 56.5,55.5 5.5,6.5
\Y% 63.5, 65.0 61.0,58.0 22.0,11.0 51.5,51.0 55.5, 54.0 7.0, 8.0 62.0,62.5 60.0, 58.0 23.0,24.0
W 61.8,61.5 54.8,54.5 43.6,45.6 60.8, 60.7 54.0,53.1 32.7,33.4 61.9,59.9 53.1,52.3 32.4,36.8
Y 62.5,63.5 57.5,58.0 47.5,48.5 58.5, 58.5 51.5, 54.0 46.0,31.5™ 60.0, 59.0 57.0, 58.0 21.0,23.5
pg/mL 62 55 — 62 55 — 62 55 —
pg/mL 62.3 55.6 34.1 57.6 53.1 31.8 59.9 54.7 33.3
% 100.5 101.2 — 92.9 96.6 — 96.7 99.4 —
RSD, % 2.1 1.3 9.0 2.1 1.7 9.8 32 1.7 53
RSDr % 8.6 6.5 483 6.0 6.2 443 7.2 5.5 41.1
Bk 3/15 1/15 — 0/15 1/15 — 0/15 0/15 —
2 0/15 1/15 0/15 0/15 1/15 1/15 1/15 0/15 0/15
x 100 RSD, RSDy
o [ x 100 % ] 80% 110%
2 Cochran *2a Grubbs *2b <1%



20% D K

M 50 pg/mL
ATBC
B
1 12 RSD,
B
4 9
12 A
1 3 10
11
A
A B
RSD, RSDg
21% 34 7
22% 81 18

4%
105



RSD, RSDr
% % %
A 34 98.4 102.6 .1 21 41 220 7(21%)  0(0%)
81 93.1 105.8 1.3 89 6.5 244 18 (22%) 3 (4%)
B 44 - 1.8 18.2 4.1 359 - 0 (0%)
117 - 2.1 9.6 6.9 483 - 2 (2%)
A 1 310 11
B 4 9 12
RSD, RSDgr
% % %
A 46 99.4 102.6 1.1 21 4.1 8.6 5(11%) 1 (2%)
0,
95% 92 92.9 1024 1.1 3.2 2.8 72 1 (1%) 2 (3%)
B 23 - 9.0,11.3 35.9,48.3 - 0 (0%)
0,
9% 46 - 53 9.8 36.1 44.3 - 1(2%)
A 10 11 13 14 16 17
B 12 15 18
95%
95%
A
A
D
11%
5 95%
1% 92 1
B RSD,

RSDg A



95%
95%
E
1 201
34
18 3
2)
ISBN4-8058-2663-0
p 34-36 (2006)
3)

ISBN978-4-307-47043-8

370
31

2015

4)

640 (2015)

22 24

p 1-34 (2013)

5) ISO 5725-2 Accuracy (trueness and precision)

measurement method (1994)

6) JIS Z 8402-2

7)

8)

2
(1999)
1115001
19 11 15
1224 1

22
24

of measurement methods and results — Part 2 :
Basic method for the determination of

repeatability and reproducibility of a standard
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