ICP-OES

Sh
PET Ge
Sbh
Ge 0.05
0.1 pg/mL
4%
Ge As Se Sn Sb
AAS
GF-AAS Sb
ICP-OES &
ICP-OES |CP-OES
Sh Ge Sh Ge
png/mL
b Ge Sb Ge
1,2)
1 0.1 0.1
2 0.1 0.1
3 0.5 0.5
4 0.1 0.1
5 0.1 0.1
9 0.5
05 ) 1o: 0.025 0.025
11 0.02 0.02
13 ICP-OES Sh Ge 1o 0.025 0.05
13 0.2 0.2
S Ge 14 0.05 0.1
> 15 0.05 0.05
16 0.025 0.04

4%
10 ICP-OES



PET
Sb Ge
|CP-OES
ICP-OES
Sb Ge

U3 1/2

Sb Ge

25%

60% 1.38

-d, D 99.96 atom%

ISOTEC
Milli-Q Gradient A10

L (+)-

Sb Ge Y
1000 pg/mL

MetaSEP CH-2

60
10 mL
PTFE 0.45 um ADVANTEC

Sb Ge
4% Sb Ge

0.050 0.10 ug/mL
Sb Ge
4%

DigiPREP HP SCP Science

SPS3500
S1I
ICP-
MS  7500c Agilent Technologies
-GC/MS HS-GC/MS
7890A GC System 5975C inert XL MSD 7697A

Headspace Sampler Agilent Technologies

ICP-OES

1.2 kW

Ar 0.35 L/min Ar 17 L/min
Ar 0.6 L/min
206.833 217.581 nm Sb
209.426 265.118 nm Ge 224306 nm Y
ICP-MS
1.3 kW
Ar 15 L/min

Ar 0.2 L/min m'z
74 Ge m/z8 Y m/z121 Sb

HS-GC/MS

Ar 0.7 L/min

90 30
150

200 0.5

1 pL
GC/MS
DB-FFAP 30 mx0.25 mm 0.5 pm
50 2 -10 / -150 -20
/=250 5 280
100 1



He 1.2 mL/
250 SIM

m'z60 HOAc 63 HOAc-d4 200 mL 25%
m/z43 HOAc 46 HOAc-d, 11 mL pH 75 8
lg 30 500 rpm
PET 400 mL 60 mL
4% 60 30
50 mL PP
Sb 10% 10% 1
Ge 20 mL 10 500 rpm
Sb Ge 10
Y ICP-MS mL
1 3
Sb Ge
Sb Ge
10 mL
Y 40 pg/mL 50 pL ICP-OES
200 mL Sb
100 Ge
4%
4% 10 mL
Sb Ge 4%
Sb Ge 10 15 20 25 30 pg/mL
ICP-OES A E 100 pL.
10 mL A E
ICP-OES
Sb Ge X
y
Sb Ge
1 3 S Ge
pg/mL
1 2 3
Sb <0.005 0.04 0.05 0.06
Ge <0.001 0.08 0.10 0.12

ICP-MS



X pg/mL
A A 10 pg/mL 0.10
B B 15 pg/mL 0.15
C C 20 pg/mL 0.20
D D 25 pg/mL 0.25
E E 30 pg/mL 0.30
Sb Ge Y 4% 80
a ¢ 120% RSD, 15% RSD;  20%
Sb 0 0.025 80 110%
0.050 0.075 0.10 pg/mL Ge 0 0.05 0.10
0.15 0.20 pg/mL 100 uL 1 3
ICP-OES
X
y
Sb Ge 1 3
1 3 Sb
Ge 1 2 5 SDr SDr
RSD; % RSD; %
1 1
Y 3 1
6)
A C S Ge Y
pg/mL pg/mL
Sb Ge Y Sb Ge Y
0.1 pg/mL a 10 20 0.1 0.2
0.2 pg/mL b 20 20 0.2 0.2

0.5 ug/mL c 50 20 0.5 0.2




pg/mL pg/mL
0.1 pg/mL Sb 0.14 0.15 0.933
| Ge 0.18 0.2 0.900
0.2 pg/mL Sb 0.24 0.25 0.960
Sb  0.04 pg/mL
Ge 0.28 0.3 0.933
Ge 0.08 pg/mL
0.5 pg/mL Sb 0.54 0.55 0.982
Ge 0.58 0.6 0.967
0.1 pg/mL Sb 0.16 0.15 1.067
; Ge 0.22 0.2 1.100
0.2 pg/mL Sb 0.26 0.25 1.040
Sb  0.06 ug/mL
Ge 0.32 0.3 1.067
Ge 0.12 pg/mL
0.5 pg/mL Sb 0.56 0.55 1.018
Ge 0.62 0.6 1.033
a) b)
f(X) f (%)
T S — (]
060 070 080 090 100 110 120 080 090 100 110 120 130 1.40
a) 0.9, 0.1
b) 11, 0.1



25
7 8 200 mL
4% 20 mL
ICP-OES
Sb Ge
¥ Sb Ge
PP
PMP
PTFE
PFA
20
Sb
Ge
Sb Ge
Sb Ge lg
89.1+£2.9 194+1.3
69.6 £3.9 21.5+5.4
PP 30.6 £3.1 04+1.3
PMP 503+79 21.1+5.2
PTFE 64.4£9.0 12.8+5.9
PFA 472+24.1 9.0+2.6
+SD % n=4or5
PP PMP
PTFE PFA

Sb Ge

Sb 65% Ge 87%

Ge As Se Sn Sb

Sb

4)

Sb Ge

4)

pH

Sb Ge

75 8
30 Sb
50 mL
10%

PP
10%
20 mL 10

Sb Ge

Sb



2 Sb Ge
Y 0.2 Sb  Ge
pg/mL  ICP-OES
Sb
71.8% 83.0% Sb Ge
1
Ge 85.2% Sb
98.4%
RSD, RSD; 0.8 1.3%
1.4 3.9%
GF-AAS ICP-OES
Sb Ge
Sb Ge
Sb Ge
Sb
Sb
Sb pg/mL Ge pg/mL
1 0.34%,0.34" 0.41,0.41 0.84, 0.84 1.00, 1.00
2 0.36",0.36" 0.42, 0.43 0.87,0.87 1.00, 0.97
3 0.36",0.36" 0.41, 0.42 0.86, 0.86 0.98, 0.99
4 0.37",0.38" 0.43, 0.44 0.86, 0.84 0.99, 0.97
5 0.36",0.35 0.39",0.39° 0.84, 0.85 0.97, 0.97
pg/mL 0.36 0.41 0.85 0.98
% 71.8 83.0 85.2 98.4
RSD, % 1.0 1.3 0.8 1.3
RSD; % 3.4 3.9 1.4 1.5
RSD, RSD;

80 110%



Ge

Sb Ge
Sb Ge
Sb Ge Sb
Ge
Sb Ge
ICP-OES  Sb Ge
Ge
Sb Ge
265.118 nm Sb
206.833  217.581 nm
Sb Ge 25 & 12
Sb 8 206.833 nm 4 217.581 nm
Ge
206.833 nm
Sb Ge 217.581 nm
0 0.6 pg/mL  Sb
217.581 nm Ge 265.118 nm
Sb Ge
700000 350000
600000 300000
500000 250000
400000 200000
300000 150000
200000 100000
100000 50000
0 T T T ) 0 - . T T
21756 21757 21758 21759 217.6 265.1 265.11 265.12 265.13
nm nm
ICP-OES Sb  217.581 nm Ge 265.118nm
Sb 0,0.05,0.1,0.2,0.3,0.4,0.5, 0.6 ug/mL  Ge 0,0.1,0.2, 0.3, 0.4, 0.5, 0.6 ug/mL



600000 - 300000 ~
Sbh y=76L72x+ 1715 Ge y = 243.42x- 433.49
500000 - R?=0.9994 250000 - R2 = 0.9992
400000 - 200000
300000 - 150000
200000 - 100000
100000 - 50000 -
®
0 : ; : 0 : ; ; : ,
0 0.2 0.4 0.6 0 02 04 06 08 10
ng/mL ngy/mL
ICP-OES b Ge
Sb
217.581 nm Sb
BG
PSM
0 pug/mL  Sb 217.581 nm
Sb 0 pg/mL
5
PET
BG Sb Ge 1 3
ICP-OES Sb Ge
RSD, RSD;
Sb Ge Sb 102.5 105.0% RSD, 2.9 6.5%
RSD; 5.0 7.4% Ge 94.1 99.6%
RSD, 23 7.4% RSD; 3.9 9.5%
Sb Ge
1 3
Sb Ge
Sb 4 Ge 1



3090001 qpy y=757812x+ 39749 1200007 G y=244730x+ 22044
250000 - R?=0.9992 100000 R? = 0.9982
200000 - 80000
150000 - 60000
100000 - 40000
50000 - 20000
0 T T , 0 T ]
0 0.1 0.2 0.3 0.2 0.3
ng/mL ng/mL
2 Ge
Sb pg/mL Ge pg/mL
1 2 3 1 2 3
0.046"  0.051  0.062 0.084 0.092 0.116
0.043  0.054  0.059 0.078 0.098 0.118
0.044  0.049  0.068" 0.086 0.098 0.112
0.045""  0.052  0.065 0.070 0.085 0.106
0.043  0.053  0.056 0.078 0.094 0.115
0.045""  0.053  0.063 0.080 0.095 0.115
0.037  0.053  0.064 0.069 0.093 0.132
0.039  0.055  0.062 0.069 0.096 0.138"
0.039  0.050  0.064 0.088 0.098 0.121
0.040  0.047  0.055 0.084 0.092 0.122
pg/mL 0.042  0.052  0.062 0.079 0.094 0.120
% 1050  103.3 102.5 98.3 94.1 99.6
RSD, % 2.9 3.8 6.5 7.4 5.2 2.3
RSD; % 7.4 5.0 6.9 9.5 3.9 8.5
" 3 0 1 0 1
2 0 0 0
RSD, RSD;

80 110%



110%

0.10

BG
Sb
ng/mL
x=0
Sb
Sb Ge
BG BG
180000 - Sb
160000 - y =739716x + 77116
140000 - R?=0.9976
120000 -
100000 -
80000 ¢
60000 -
40000 -
20000 -
0 T T T T 1
0.00 0.02 0.04 0.06 0.08
ng/mL

0.1 pg/mL

Sb Ge
Sb
Ge
X
y
1 3
0.1 0.2 0.5 pg/mL 3
0.1 pg/mL
0.2 pg/mL
0.5 pg/mL

Sb Ge
RSD, RSD;
80000 -
70000 Ge y =240991x + 22728

| R? = 0.9985
60000 -
50000 -
40000 -
30000 -
20000 ¢
10000 -

0 : . . .
0.00 0.05 0.10 0.15 0.20
ng/mL
So Ge



0.1 pg/mL

pg/mL pg/mL
1 2 3 1 2 3
Sb 1 0.043, 0.041 0.052, 0.052 0.062, 0.064 0.040, 0.038 0.044, 0.053 0.062, 0.064
2 0.043, 0.043 0.053, 0.051 0.062, 0.064 0.045™", 0.041 0.053, 0.053 0.0717, 0.063
3 0.042, 0.044 0.055, 0.050 0.060, 0.062 0.040, 0.042 0.057"', 0.054 0.058, 0.064
4 0.040, 0.043 0.049, 0.050 0.060, 0.056 0.038, 0.048" 0.044, 0.050 0.055, 0.047""2
5 0.0457',0.044  0.051,0.056" 0.064, 0.062 0.043, 0.046" 0.058™",0.052 0.058, 0.061
png/mL 0.043 0.052 0.062 0.042 0.052 0.060
% 107.1 103.7 102.6 105.3 103.9 100.4
RSD, % 3.0 4.4 3.2 9.5 7.9 75
RSD; % 3.7 4.4 4.4 9.5 9.6 11.1
*L3 1 (0) 1 0 (0) 3(0) 2 2(1)
Ge 1 0.076, 0.088 0.109, 0.108 0.122,0.122 0.072, 0.083 0.096, 0.110 0.121,0.121
2 0.085, 0.081 0.098, 0.100 0.122,0.122 0.088, 0.078 0.099, 0.103 0.1357,0.121
3 0.081, 0.085 0.093, 0.098 0.113,0.124 0.078, 0.083 0.096,0.103 0.111, 0.127
4 0.072, 0.084 0.101, 0.093 0.122,0.117 0.069, 0.091"" 0.093, 0.092 0.115,0.105
5 0.088, 0.082 0.103, 0.103 0.121,0.122 0.085, 0.085 0.113"", 0.099 0.112,0.121
pg/mL 0.082 0.100 0.121 0.081 0.100 0.119
% 102.5 100.4 100.6 101.5 100.4 99.0
RSD, % 7.3 3.0 3.1 10.5 6.8 6.8
RSD; % 7.3 5.7 3.1 10.5 6.9 7.3
*L3 0 (0) 0 0 (0) 1 (0) 1 1 (0)

(

)

80 110%

*2

1



0.2 pg/mL

pg/mL pg/mL
1 2 3 1 2 3
Sb 1 0.038, 0.039 0.051,0.050  0.060, 0.063 0.039, 0.032 0.048, 0.051 0.060, 0.057
2 0.041, 0.043 0.050,0.053  0.061, 0.065 0.035, 0.034 0.036'", 0.040 0.045"'2,0.048™
3 0.038, 0.038 0.048,0.050  0.060, 0.060 0.031"',0.036 0.054, 0.049 0.070™", 0.086""
4 0.038,0.039  0.056™,0.054  0.063, 0.063 0.041, 0.045 0.068", 0.048 0.066, 0.067"
5 0.043,0.047""  0.050, 0.056""  0.058, 0.059 0.032, 0.041 0.049, 0.048 0.051, 0.055
pg/mL 0.040 0.052 0.061 0.037 0.049 0.061
% 101.1 103.7 101.9 91.6 98.0 100.9
RSD, % 4.1 4.5 2.5 11.3 13.7 9.0
RSD; % 7.7 5.3 3.9 13.0 17.2 21.1
*L3 1 (0) 2 0 (0) 1 (0) 2 4(2)
Ge 1 0.089™,0.089""  0.097,0.107  0.118,0.126 0.077, 0.073 0.090, 0.106 0.118,0.121
2 0.083, 0.080 0.095,0.101  0.121,0.126 0.077, 0.071 0.079", 0.086 0.103, 0.106
3 0.082, 0.081 0.100,0.108  0.122,0.127 0.077, 0.081 0.108, 0.110 0.134",0.157"
4 0.078, 0.080 0.096,0.101  0.126,0.119 0.081, 0.087 0.109, 0.093 0.129, 0.123
5 0.086, 0.083 0.104,0.108  0.128,0.127 0.072, 0.076 0.102, 0.098 0.118,0.121
pg/mL 0.083 0.102 0.124 0.077 0.098 0.123
% 103.9 101.7 103.3 96.5 98.1 102.5
RSD, % 1.9 4.8 3.3 4.5 7.6 6.4
RSD; % 4.7 4.8 3.3 6.5 11.1 12.9
1.3 2 (0) 0 0 (0) 0 (0) 1 2 (0)

(

)

80 110%

*2

1



0.5 pg/mL

pg/mL pg/mL
1 2 3 1 2 3
Sb 1 0.036, 0.032 0.034"', 0.041 0.062, 0.058 0.077°% 0.113"%  0.098™',0.057""  0.059, 0.037""
2 0.061°'% 0.050"  0.057",0.056"  0.070™,0.076" 0.0547"2 0.059"%  0.050, 0.053 0.069",0.070™
3 0.034, 0.042 0.047, 0.050 0.058, 0.061 0.039, 0.040 0.0847',0.044  0.072™,0.070"
4 0.046™",0.041 0.058"",0.056"  0.066, 0.065 0.038, 0.020" 0.044, 0.040 0.057, 0.043""*
5 0.052"'2,0.038 0.057"",0.053 0.065, 0.061 0.032, 0.026" 0.061"",0.051 0.058, 0.079™
pg/mL 0.043 0.051 0.064 0.050 0.058 0.061
% 107.9 101.8 107.3 124.6 116.0 102.3
RSD, % 14.9 5.8 4.2 26.0 31.7 17.5
RSD; % 21.5 16.6 9.0 58.3 323 22.5
1,3 4(2) 6 2 (0) 6 (4) 4 7(2)
Ge 1 0.073, 0.082 0.108, 0.103 0.134™,0.117 0.1117%,0.074  0.186™,0.123""  0.132,0.093""?
2 0.073, 0.090" 0.108, 0.102 0.118,0.143" 0.072,0.104™ 0.098, 0.098 0.120, 0.135™
3 0.078, 0.085 0.102, 0.098 0.123,0.114 0.082, 0.083 0.144™',0.090 0.138™,0.125
4 0.094"',0.093""  0.111"",0.110 0.131, 0.131 0.085, 0.068 0.095, 0.090 0.119, 0.104
5 0.081, 0.084 0.106, 0.097 0.125, 0.121 0.057°",0.071 0.1117,0.094 0.117,0.143™
pg/mL 0.083 0.105 0.126 0.081 0.113 0.123
% 104.3 104.5 104.8 100.7 113.0 102.1
RSD, % 7.9 3.7 8.1 21.2 23.5 13.6
RSD; % 9.0 4.8 8.1 21.2 27.6 13.6
"3 3(0) 1 2 (0) 3(1) 4 4 (1)

(

)

80 110%

*2



0.1 pg/mL

Sb 102.6 107.1%
RSD, 3.0 44% RSD; 3.7 44% Ge
100.4 102.5% RSD, 3.0 7.3%
RSD; 3.1 7.3%
Sb 2
Ge 1 3 Y
Sb Ge 224.306 nm
RSD, RSD;
Sb
1
0.2 pg/mL
RSD, RSD; Sb Ge
0.1 pg/mL
PET
Sb RSD, RSD;
2
0.5 pg/mL
Sb  RSD, RSD;
Ge 6
Sb Ge 1 3
Sb 0.05 pg/mL Ge 0.1 pg/mL
1 3
0.1 pg/mL
2 Sb 0.0008
0.044% Ge  0.033 0.025%
1/2000
0.2 pg/mL
Sb 0.13 0.055% Ge 0.20
0.014% 1/500
0.5
pg/mL Sb 14 6.3%
Ge 3.3% +20%



0.1 ug/mL 0.2 ug/mL 0.5 ng/mL
3 1 3 1 3
Sb 1 0.94, 0.93 1.07, 1.09 0.96, 0.97 1.05, 1.06 0.97,0.97 1.02, 1.02
2 0.96, 0.96 1.09, 1.10 0.97, 0.98 1.06, 1.08 1.02, 0.99 1.04, 1.05
3 0.96, 0.97 1.08, 1.09 0.96, 0.96 1.05, 1.05 0.97, 0.98 1.01, 1.02
4 0.93,0.95 1.06, 1.03 0.95, 0.95 1.05, 1.05 1.00, 0.99 1.04, 1.04
5 0.97, 0.96 1.09, 1.07 0.97, 0.99 1.03, 1.04 1.01, 0.98 1.03, 1.03
0.933 1.067 0.960 1.040 0.982 1.018
0.015 0.020 0.013 0.012 0.017 0.012
>0.999 <0.001 0.999 <0.001 0.859 0.0632
% 0.0008 0.044 0.13 0.055 14 6.3
Ge 1 0.89, 0.95 1.12,1.12 0.96, 0.97 1.06, 1.09 0.96, 0.97 1.06, 1.03
2 0.95, 0.92 1.14,1.14 0.91, 0.90 1.04, 1.06 0.94, 0.97 1.02, 1.06
3 0.93,0.95 1.10, 1.16 0.94, 0.93 1.07, 1.09 0.96, 0.97 1.04, 1.02
4 0.87,0.93 1.11, 1.09 0.91, 0.92 1.06, 1.04 1.00, 1.00 1.06, 1.06
5 0.91,0.89 1.07, 1.08 0.95, 0.94 1.08, 1.08 0.98, 0.99 1.06, 1.05
0.900 1.100 0.933 1.067 0.967 1.033
0.029 0.029 0.023 0.018 0.018 0.018
>0.999 <0.001 0.998 <0.001 0.967 0.033
% 0.033 0.025 0.20 0.014 3.3 3.3




BG

BG

80%

10

D
ICP-OES

Sb

120%

Sb

Sb

Sb Ge
Sb Ge
Ge
Sb Ge
Sb Ge
BG
Ge
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