
The basic idea of statistics for chemical analysis 
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Spread (how wide), Variable (how different), Distribution 

A ceirtain variable's spread is the degree to 

which values on the variable differ from each other. 

If every score on the variable were about equal, 

the variable would have very little spread. The 

distributions shown on the right have the same 

mean but differ in spread: The distribution on the 

bottom is more spread out.  

 

 

 

 

Standard Deviation and Variance  

 

The variance and the standard deviation are measures of how spread out a distribution 

is. In other words, they are measures of variability. 

 

   The variance is computed as the average squared deviation of each number from its 

mean. For example, for the numbers 1, 2, and 3, the mean is 2 and the variance is: 

.  

   The standard deviation formula is very simple: it is the square root of the variance. It is 

the most commonly used measure of spread.  

σ= 0.816 

 

If the standard deviation is small, the spread of each number is small. 

 

Coefficient of Variation (CV) = Relative Standard Deviation (RSD), 

  Representative Value of Stability 

 

CV is computed by dividing a standard deviation of a particular group of values by its 

mean (usually shown as %). In analyses, if values are obtained from repeated measurement 

accurately, the CV should be small. For example,  
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if the values from repeated measurement of 0.50 ppm are: 0.44, 0.46, 0.55. 0.59, 0.41, 

the CV =  14.0 (%) 

if the values from repeated measurement of 0.50 ppm are: 0.49, 0.48, 0.51. 0.49, 0.50, 

the CV =  2.06 (%) 

if the values from repeated measurement of 0.50 ppm are: 0.49, 0.49, 0.49. 0.49, 0.49, 

the CV =  0.00 (%) 

 

As the CV is computed by a formula shown below, it will get small when the standard 

deviation is small (stable). And it will get small when the mean is large. This means that 

measurements of higher concentrations are easier than lower concentrations when they 

have the same stability. In other words, CV of higher concentrations is smaller (better) than 

lower concentrations. Thus, lowest concentration of a calibration curve is measured 

repeatedly for the confirmation of CV. The target CV for metal analysis is set as 10% for this 

project. 

 

Mean
Deviation StandardCV  

 
Correlation Coefficient ( r ) 

A correlation coefficient is a number between -1 and 1 which measures the degree to 

which two variables (i.e. X and Y, concentration and Abs) are linearly related. If there is 

perfect linear relationship with positive slope between the two variables, we have a 

correlation coefficient of 1; if there is positive correlation, whenever one variable has a high 

(low) value, so does the other. If there is a perfect linear relationship with negative slope 

between the two variables, we have a correlation coefficient of -1. Some applications show 

only square of correlation coefficient (r2) due to the procedure of calculation. In this case we 

can simply calculate the square root of it and get the correlation coefficient. 
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Basic Idea of Dilution 
1. Very Basic Idea 

There are ideas of content and concentration for expressing some material’s amount in 

something (like water). The content is the exact weight of the material in water (for 

example) and the concentration is the rate which the material occupies in water. 

If you put 100mg of salt in water, the content is always 100mg whatever the amount of 

water is. Putting 100mg of salt in 1L of water and in 10L of water doesn’t make any 

difference for the content because it’s always 100mg. 

If you put 100mg of salt in water of 1L, it makes 100 mg salt / L water (mg/L). If you 

have 1L of water of 100mg/L concentration with salt, you have 100mg salt as the content. 

If you lose 0.5L of water of 100mg/L concentration with salt, now you have 50mg salt as 

the content but the concentration is still 100mg/L. 

The formula for getting the concentration or content is really simple. You just have to 

care about the unit when you check if the formula you set is correct. 

 

Concentration (mg/L) = content (mg) / amount of water (L) 

If you put 100mg of salt in water of 1L, 

100 (mg) / 1(L) = 100 (mg/L) 

 

If you lose 0.5L of water of 100mg/L concentration with salt,  

100 (mg/L) × 0.5 (L) = 50 (mg) 

Now you have 50mg salt as the content but the concentration is still 100mg/L. 

 

2. Units for concentration 
The standard unit for concentration is mg/L. Often ppm is used instead of mg/L. 

Actually ppm represents rate (result of division of same units). For this reason, accurately 

speaking, mg/L does not equal ppm. But in accordance with customary practice, we use 

ppm as mg/L and ppb as μg/L. μ (micro) is 1/1,000 of m (milli), so 1ppm is 1,000ppb 

and 1ppb is 0.001ppm. ppm means Parts Per Million ( 1/1,000,000 ) and ppb means Parts 

Per Billion ( 1/1,000,000,000 ). For the same circumstances, usually % means g/100mL. 
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   Exercise 
   1) How many ppm are 5 mg/L? 5ppm 

2) How many ppm are 500 μg/L? 0.5ppm 

3) How many ppm are 10 g/L? 10,000ppm 

4) How many ppm are 3 μg/mL? 3ppm 

5) How many ppb are 3 μg/L? 3ppb 

6) How many ppb are 0.5 mg/L? 500ppb 

7) How many ppm are 300ppb? 0.3ppm 

 

3. Practical Calculation 
1)  Now you have 65% of Nitric Acid (HNO3). Consider the following case of dilution.   

◇ To get 10L of 5% HNO3 solution, how much amount of original acid do you need? 

65% ÷ 5% = 13  you need to dilute 13times 

1 : 13 = x : 10(L)   13x = 10(L)   x = 10(L)/13 = 0.77(L) 

Thus, you dilute 0.77L of 65% HNO3 to 10L and get 5% HNO3  

 

2)  Now you have 100ppb of Ag standard solution. Consider the following case of dilution.   

◇ To get 10, 20, 30, 50ppb of solutions, what kinds of rates are necessary if you want to 

prepare 20μL of each solution? 

100ppb ÷ 10ppb = 10  you need to dilute 10times for preparing 10ppb 

1x + 9x = 20(μL)   10x = 20(μL)   x = 20(μL)/10 = 2(μL) 

So you dilute 2μL of 100ppb to 20μL and get 10ppb 

100ppb ÷ 20ppb = 5  you need to dilute 5times for preparing 20ppb 

1x + 4x = 20(μL)   5x = 20(μL)   x = 20(μL)/5 = 4(μL) 

So you dilute 4μL of 100ppb to 20μL and get 20ppb 

You can repeat this procedure to get others but usually you have to calculate only the first 

one and multiply it according to the rate. 

10ppb ← 2std + 18diluent  

↓×2    ↓×2 

20ppb ← 4std + (20-4)diluent 

30ppb ← 6std + (20-6)diluent (×3) 

40ppb ← 8std + (20-8)diluent (×4) 

50ppb ← 10std + (20-10)diluent (×5) 
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   Exercise 
(1) Laboratory A uses 40L of 5% acidified water for soaking apparatus. They change it 

every 2months. How many liters of 70% acid do they need per year? 

17L 

 

(2) To prepare 5ppm of standard solution, how many times do you dilute 1000ppm 

standard solution? And what kinds of glassware do you need at least? 

200times 

1mL pipette, 100mL flask 

(3) To prepare 10ppb of standard solution, how many times do you dilute 1000ppm 

standard solution? And what kinds of glassware do you need at least? 

100,000times 

1mL pipette * 2, 5mL pipette, 100mL flask *2, 50mL flask 

(4) You have 150mL of 50ppm Cd solution and 350mL of 100ppm As solution. If you 

put them together, how many ppm of Cd and As solution do you have? 

15ppmCd 

70ppmAs 

(5) Fill in the tables below for the dilution for the furnace method. Make each step of 

solution 20μL. 

 

Table 1. Calibration Curve for Cr  

Concentration 

(ppb) 

Volume of 

Std(10ppb) 

(μL) 

Volume of 

Diluent 

(μL) 

0  0 20 

1 2 18 

2 4 16 

4 8 12 

6 12 8 

 

 

 

 

Table 2. Calibration Curve for Al  

Concentration

(ppb) 

Volume of 

Std(50ppb) 

(μL) 

Volume of 

Diluent 

(μL) 

0  0 20 

5 2 18 

10 4 16 

20 8 12 

30 12 8 

 

79



                        
)                (  

                       

                        
  

1.               
  

                                                             )        .(                               

                  )                (                                                   .  

        100                                            100                          .       100     

            1                     10                                                                   

100    .  

        100                 1                               100     \          )   \  .(              1 
                             100    \         100                     .                              

            100    \                  50                                      100    \ .  

                            .                                          .  

  

        )   \  = (       )   (\           )    (  

             100                 1                

100)    (\ 1)      = (100)    \ (  

  

                                             100    \   

100)   \  (X 0.5)      = (50)    (  

          50                                100    \  .  

  
2.                 

  
                                 \  .                           ppm             \  .           ppm      

         )                          .(                       \                         ppm .          

                         ppm     \    ppb           \  .         1\1000                       1 ppm 

      1000ppb      1 ppb       0.001 ppm .     ppm            Parts  Per Million)     

         1\1000000 (        ppb            Parts Per Billion)              1\1000000000( .

                       %      \100   .  

  

  

  

80



                        
)                (  

                       

        
1.    ppm       5    \    

2.    ppm       500          \   
3.    ppm       10  \   

4.    ppm      3          \    
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6.    ppb       0.5    \   

7.    ppm       300 ppb   

  
2.           
1.      65 %             .                           . 

           10                              5%                                             

65%÷ 5=%13                    13      

1 : 13 = x : 10(L)   13x = 10(L)   x = 10(L)/13 = 0.77(L) 

                    0.77               65%     10                           5.%  

  

2.      100ppb                       .                          . 

                  10  20  30                                                        20           

              

100ppb ÷ 10ppb  =10                    10             10 ppb 

1x + 9x = 20(μL)   10x = 20(μL)   x = 20(μL)/10 = 2(μL) 

                       2              100ppb     20                      10 ppb  

100ppb ÷ 20ppb  =5                    5             20 ppb  

1x + 4x = 20(μL)   5x = 20(μL)   x = 20(μL)/5 = 4(μL) 
                       4              100ppb     20                      20 ppb  

                                                                                                   

                              

10ppb ← 2std + 18        

↓×2    ↓×2 

20ppb ← 4std + (20-4)       

30ppb ← 6std + (20-6)        (×3) 

40ppb ← 8std + (20-8)       (×4) 

50ppb ← 10std + (20-10)       (×5) 
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Brief Explanation of Significant Digits (Significant Figures) 
Kimura, K   July 31st, ‘07 

 
Let’s take a look at following examples. 
 
ex. 1) 
If the repeated results of measurements are : 
  0.345675 
  0.345679 
  0.345677 , 
the digits “0.34567” are always stable and the last one is uncertain. 
 
ex. 2) 
If the repeated results of measurements are : 
  0.345012 
  0.345020 
  0.345107 , 
the digits “0.345” are always stable and the last 3 digits are uncertain. 
 
ex. 3) 
If the repeated results of measurements are : 
  0.345012 
  0.349020 
  0.344107 , 
the digits “0.3” are always stable and the last 5 digits are uncertain. The second 
decimal place “4” is not stable after rounding (half adjust). 
 
Now, among 3 examples above, which is the most accurate measurement and 
which is the least one? 
And how many digits are significant (meaningful) for each example? 
 
If your analysis’s significant digits are 2, you always guarantee the accuracy of the 
results expressed with 2 digits. 
When you get the results like : 
  4.567    then you express   4.6, 
  4.567    with 10 times dilution, then you express   46 

4.567    with 100 times dilution, then you express   460 
4.567    with 1000 times dilution, then you express   4600 

When your significant digits are 2, you cannot give out a result like 4570, 4567, 
4567.0 or 4567.00 because you are not sure about 3rd or more digits after the first 
2 digits. “When you are not sure about anything, do not report it.”, that’s the idea 
of significant digits. 
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The variance is computed as the average squared deviation of each number from its 

mean. For example, for the numbers 1, 2, and 3, the mean is 2 and the variance is: 

.  

   The standard deviation formula is very simple: it is the square root of the variance. It is 

the most commonly used measure of spread. σ= 0.816 

 

Q.01 

If the standard deviation is small, how is the spread of each number (large of small)? 

 

Q.02 

What kind of representative value is Coefficient of Variation (CV) ? 

 

Q.03 

What is the relationship between CV and Relative Standard Deviation (RSD) ? 

 

Q.04 

What kind of value divides a Standard Deviation to give out CV? 

 

Q.05 

Which CV is smaller between the group of “0.44, 0.46, 0.55. 0.59, 0.41” or “0.49, 0.48, 

0.51. 0.49, 0.50,” ? 

 

Q.06 

Which measurement is easier to get the same CV between higher concentrations or 

lower ones ? 

 

Q.07 

How many percents are the criteria for CV of quantitation limits for the metal analysis? 
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Q.08 

What kind of representative value is Correlation Coefficient ( r ) ? 

 

   

Q.09 

How much is the criteria for r of calibration curves for the metal analysis? 

 

Q.10 

If you have 0.5L of water of 100mg/L concentration with salt, how many mg of salt do 

you have ? 

 

Q.11 

1)  What kind of units do ppm and ppb represent usually? 

2)  How many ppm are 500 μg/L?  

3)  How many ppm are 10 g/L?  

4)  How many ppm are 3 μg/mL?  

5)  How many ppb are 0.5 mg/L?  

6)  How many ppm are 300ppb?  

7)  Now you have 65% of Nitric Acid (HNO3). To get 10L of 5% HNO3 solution, how much 

amount of original acid do you need? 

 

Q.12 

Laboratory A uses 40L of 5% acidified water for soaking apparatus. They change it every 

2months. How many liters of 70% acid do they need per year? 

 

Q.13 

You have 150mL of 50ppm Cd solution and 350mL of 100ppm As solution. If you put 

them together, how many ppm of Cd and As solution do you have? 
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Q.14 

Fill in the tables below for the dilution for the furnace method. Make each step of 

solution 20μL. 

 
Table  Calibration Curve for Cr  

Concentration 

(ppb) 

Volume of 

Std(10ppb) 

(μL) 

Volume of 

Diluent 

(μL) 

0    

1   

2   

4   

6   
 

Q.15 

Now you have 1ppm of Cu solution, which choice is the best to waste? 

 a.  Dispose of it into the “Heavy Metal” waste 

 b.  Dispose of it into the “Acidified Water” waste after dilution to make it less than 1ppm 

(Max. Limit) 

 c.  Dispose of it into the “Acidified Water” waste 

 d.  Dispose of it into the sewage after dilution to make it less than 1ppm 
 

Q.16 

Now you have 100ppb of As solution, which choice is the best to waste? 

 a.  Dispose of it into the “Heavy Metal” waste 

 b.  Dispose of it into the “Heavy Metal” waste after dilution to make it less than 100ppb 

(Max. Limit) 

 c.  Dispose of it into the “Acidified Water” waste after dilution to make it less than 100ppb  

 d.  Dispose of it into the sewage after dilution to make it less than 100ppm 
 
Q.17 

What are the most two significant differences in samplings for metal analysis from the 

normal ones? 
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Q.18 
What helps samples to be preserved for metal analysis? 

 

Q.19 
What does the preservation for metal analysis mean? 

 

Q.20 
What are the main components for digestion? 

 

Q.21 
What do quantitation limits represent? 

 

Q.22 
What is the usual position for a quantitation limit in a calibration curve? 

 

Q.23 
How can quantitation limits be set? 

 

Q.24 
Usually CC remains as a line within a limited range like the figure below. In this case, a 

concentration over 5ppb given by the calculation is usually (higher / lower) in fact. 

Therefore, we have to dilute (more / fewer) times than it seems to be necessary. 

0.5
1

2

5

8
12

-10

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12 14

ppb

A
bs
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Q.25 

For the material “A”, the QL is 0.5ppb. And for example, if the standard of drinking water 

for ”A” is 5ppb and we were supposed to measure at that level, we can dilute samples 

(   times). When one result is 0.5ppb, the actual concentration is (  ppb), and when another 

result is <0.5ppb, the value for reporting will be (<  ppb). 

 

Q.26 
Consider how many times the samples can be diluted in the following cases when the 

minimum levels for reporting are the same as the standards for drinking water. 

1) When As’s QL is 5ppb and the standard for drinking water is 0.01ppm, how many times 
can the sample be diluted? 

2) Sample “X” consumes much amount of KMnO4 when it is pretreated for Hg. How much 
amount of sample do you use when it is usually to be used 100mL? (when Hg’s QL is 
0.5ppb and the standard for drinking water is 0.001ppm) 

3) When Al’s QL is 5ppb and the standard for drinking water is 0.2ppm, we can dilute 
samples (    times). But we do not usually dilute them hundreds times in order to keep 
the (       ) of analysis. 

 

Q.27 
Fill in (      ) with adequate words for the flow chart for Data Management. 

 
Start 
↓ 
 Register samples in “Analysis Administration Sheet”w/ Admi No.   
↓ 
 Prepare Monthly Report w/ sample No.  
↓ 
 check if the (r) >= (       )   
↓ 
 Reject calibrations if necessary  
↓ 
 Check results beyond the (       ) value of the C.C.  
↓ 
 Dilute if necessary   
↓ 
 Save and Printout results   
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↓ 
 Attach “Front Page” to the results  
↓              
 Record data in “(              )”  
↓              
 Record the final date in “Admi”sheet  
 

Q.28 
What measure is taken if the correlation coefficient (r) < 0.995 ? 

 

Q.29 

If a sufficient “r” is not obtained with (    ) or more calibrations, note the value in 

(        ).  

Check if results (concentrations) over the (      ) adopted calibration are obtained. If 

any, (       ) the pretreated sample and repeat measurements. 

Express results with “<” when the concentration is (     ) than the QL. 

Set the smallest digit the same as the one of (      ) because you cannot measure 

smaller amounts than the (      ). 

Handle data in accordance with (  ) significant digits. 

 

Q.30 
Fill in (      ) for examples of handling data 

 (QL = 0.005, 2 significant digits) 

1)  If the software gives out 0.003054, record (      ) 
2)  If the software gives out 0.006053, record (      ) 
3)  If the software gives out 0.02063, record (      ) 
4)  If the software gives out 0.5949, record (      ) 
5)  If the software gives out 2.660, record (      ) 
6)  If the software gives out 9.952, record (      ) 
7)  If the software gives out 10.09, record (      ) 
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Q.31 
Interferences and measures to be taken 

 

1)   Spectrophotometric interference is caused by background absorption such 
as ( ionization / molecular absorption / influence of viscosity ) and is corrected 
by using ( continuous light source / std addition method / matrix modifier ) and 
so on. As background correction, self reversal (SR) is useful because the 
applicable rage is wider than ( D2 / hollow cathode / UV ).   

 
2)   Physical interference is caused by physical aspects such as ( atomic beam / 

hard-to-dissociate compounds / surface tension ) and is modified by using 
( dilution / Zeeman effect / matrix modifier ) and std addition method. 

 
3)   Chemical interference is caused by chemical aspects such as ( ionization / 

molecular absorption / smoke generation ) or hard-to-dissociate compounds 
and is modified by using ( dilution / background correction / matrix modifier ) 
and std addition method. 
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Comprehension Check Sheet 
             (      )                                                           

 
Start      
  

 Register samples w/ Admi No.                                   
  

 Prepare Monthly Report w/ sample No.                                        
  

 check if the (r) =< (_______)           
  

 Reject calibrations if necessary                           
  

 Check results beyond the (______________)                               
  

 Dilute if necessary                           
  

 Save and Printout results                          
  

 Attach “Front Page” to the results                                  
               

 Record data in (________________)                        
               

 Record the final date in “Admi”sheet                                                 
 

 
  28  

                             (r) < 0.995   
  
  29 

                                                   ) (                                          .(          )  
                      )         (                           )     (                            .                
                            )      (                                                                                     

            .  
              “<”                         )   (                  .  

                                      )    (                                       ) .(              
                            (           )          . 
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Lecture Document for Metal Analysis 
(by the JICA Expert Team) 

Comprehension Check Sheet 
 
  30 

                                                      
  
)           =0.005                                           (  

 
1.                       0.003054           .(           )  
2.                       0.006053           .(           )  
3.                       0.02063           .(           )  
4.                       0.5949           .(           )  
5.                       2.660           .(           )  
6.                       9.952           .(           )  
7.                       10.09           .(           )  

  
  13 

                                    
  

1.                                              )        /                 /             (      
                  )                 /                   /           (       .               

                                                                       )                 /                
         /                   .(  

 
2.                                                     )               /                     /       

        (                        )         /             /           (                          .  
 

3.                                                     )        /                 /             (   
                                             )         /               /           (               

            .  
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