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Derivation for uncertainty of calibrators 

[1] Preparation of the working standard solution 

1. WS solution (100 μg/mL) 

Add 1 mL of reference standard of AP to a 10 mL volumetric flask with methanol. 

𝑢𝑟(𝑊𝑆.𝐴𝑃) = √(
𝑢(𝑊𝑆)

𝑊𝑆

)

2

= √(
𝑢(𝐶𝑅.𝐴𝑃)

𝐶𝑅.𝐴𝑃

)

2

+ (
𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

+ (
𝑢(𝑉𝑓)

𝑉𝑓

)

2

= 0.005306 

Add 1 mL of reference standard of 4HA to a 10 mL volumetric flask with methanol. 

𝑢𝑟(𝑊𝑆.4𝐻𝐴) = √(
𝑢(𝑊𝑆)

𝑊𝑆

)

2

= √(
𝑢(𝐶𝑅.4𝐻𝐴)

𝐶𝑅.4𝐻𝐴

)

2

+ (
𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

+ (
𝑢(𝑉𝑓)

𝑉𝑓

)

2

= 0.005306 

 

2. W solution (10 μg/mL) 

Add 1 mL of WS solutions of AP and 4HA to a 10 mL volumetric flask with methanol. 

𝑢𝑟(𝑊𝐴𝑃) = √(
𝑢(𝑊𝐴𝑃)

𝑊𝐴𝑃

)

2

= √(
𝑢(𝑊𝑠.𝐴𝑃)

𝑊𝑠.𝐴𝑃

)

2

+ (
𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

+ (
𝑢(𝑉𝑓)

𝑉𝑓

)

2

= 0.006878 

𝑢𝑟(𝑊4𝐻𝐴) = √(
𝑢(𝑊4𝐻𝐴)

𝑊4𝐻𝐴

)

2

= √(
𝑢(𝑊𝑠.4𝐻𝐴)

𝑊𝑠.4𝐻𝐴

)

2

+ (
𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

+ (
𝑢(𝑉𝑓)

𝑉𝑓

)

2

= 0.006878 

 

[2] Preparation of the calibration standard solutions 

1. C1 solution (1000 ng/mL) 

 Mix 0.5 mL of W solution and 9 × 0.5 mL of blank urine. 

𝑢𝑟(𝐶1) = √(
𝑢(𝐶1)

𝐶1

)

2

=  √(
𝑢(𝑊)

𝑊
)

2

+  (
9

10
)

2

× {(
𝑢(𝑉𝑝500)

𝑉𝑝500

)

2

+ 
9𝑢(𝑉𝑝500)

2

(9𝑉𝑝500)2
} = 0.007023 

 

2. C2 solution (500 ng/mL)  

Mix 1.0 mL of C1 solution and 1.0 mL of blank urine. 

𝑢𝑟(𝐶2) = √(
𝑢(𝐶2)

𝐶2

)

2

= √(
𝑢(𝐶1)

𝐶1

)

2

+
1

2
(

𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

= 0.007043 
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3. C3 solution (200 ng/mL)  

Mix 2 × 0.5 mL of C2 solution and 3 × 0.5 mL of blank urine. 

𝑢𝑟(𝐶3) = √(
𝑢(𝐶3)

𝐶3

)

2

= √(
𝑢(𝐶2)

𝐶2

)

2

+ (
1.5

2.5
)

2

{2 (
𝑢(𝑉𝑝500)

2𝑉𝑝500

)

2

+  
3𝑢(𝑉𝑝500)

2

(3𝑉𝑝500)2
} = 0.007091 

 

4. C4 solution (100 ng/mL)  

Mix 1.0 mL of C3 solution and 1.0 mL of blank urine. 

𝑢𝑟(𝐶4) = √(
𝑢(𝐶4)

𝐶4

)

2

= √(
𝑢(𝐶3)

𝐶3

)

2

+
1

2
(

𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

= 0.007111 

 

5. C5 solution (50 ng/mL)  

Mix 1.0 mL of C4 solution and 1.0 mL of blank urine. 

𝑢𝑟(𝐶5) = √(
𝑢(𝐶5)

𝐶5

)

2

= √(
𝑢(𝐶4)

𝐶4

)

2

+
1

2
(

𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

= 0.007131 

 

6. C6 solution (20 ng/mL)  

Mix 2 × 0.5 mL of C5 solution and 3 × 0.5 mL of blank urine. 

𝑢𝑟(𝐶6) = √(
𝑢(𝐶6)

𝐶6

)

2

= √(
𝑢(𝐶5)

𝐶5

)

2

+ (
1.5

2.5
)

2

{2 (
𝑢(𝑉𝑝500)

2𝑉𝑝500

)

2

+  
3𝑢(𝑉𝑝500)

2

(3𝑉𝑝500)2
} = 0.007178 

 

7. C7 solution (10 ng/mL)  

Mix 1.0 mL of C6 solution and 1.0 mL of blank urine. 

𝑢𝑟(𝐶7) = √(
𝑢(𝐶7)

𝐶7

)

2

= √(
𝑢(𝐶6)

𝐶6

)

2

+
1

2
(

𝑢(𝑉𝑝1000)

𝑉𝑝1000

)

2

= 0.007197 

 

8. C8 solution (4 ng/mL) 

Mix 2 × 0.5 mL of C7 solution and 3 × 0.5 mL of blank urine. 
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𝑢𝑟(𝐶8) = √(
𝑢(𝐶8)

𝐶8

)

2

= √(
𝑢(𝐶7)

𝐶7

)

2

+ (
1.5

2.5
)

2

{2 (
𝑢(𝑉𝑝500)

2𝑉𝑝500

)

2

+  
3𝑢(𝑉𝑝500)

2

(3𝑉𝑝500)2
} = 0.007244 

 

[3] Dilution 

Each calibration standard solution (100 μL) was mixed with mobile phase A (50 μL) and IS (50 μL) in a 

1.5-mL polypropylene tube following the Preparation of Urine Sample step. 

 

𝑢𝑟(𝐶𝐶𝑆.𝐴𝑃) = √∑ 𝑢𝑟(𝐶𝑖.𝐴𝑃)2

7

𝑖=1

+ 7 (
1

2
)

2

{(
𝑢(𝑉𝑝100)

𝑉𝑝100

)

2

+  
2𝑢(𝑉𝑝50)

2

(2𝑉𝑝50)2
} = 0.018953 

 

𝑢𝑟(𝐶𝐶𝑆.4𝐻𝐴) = √∑ 𝑢𝑟(𝐶𝑖.4𝐻𝐴)2

8

𝑖=2

+ 7 (
1

2
)

2

{(
𝑢(𝑉𝑝100)

𝑉𝑝100

)

2

+  
2𝑢(𝑉𝑝50)

2

(2𝑉𝑝50)2
} = 0.019036 


