Environmental Health: Science, Policy and Social Justice

Winter quarter

Lab 4 - KEY

Determination of Trace Elements in Hair by ICP-MS
Adapted from Dr. Anne Johansen, Central Washington University
Data Analysis – Due a week after lab

1. First, find the detection limit for each element by averaging the three blank measurements and adding 3 times the standard deviation: 

LOD = average(blank) + [3*StDev(blank)]

These blanks are the method blanks, indicating what the instrument would detect as part of the “noise” since there should not be any metal (Ca, Cu and Pb) in these (except your internal standard metals). It shows how low a level can the instrument detect: if your hair sample is as low as this or lower, it is not interpretable as it falls within the instrument “noise” range. Average two or three if possible blanks among teams. 

When interpreting the data in the following steps make sure that the values you are discussing were above that detection limit in the raw data.  

2. The raw data (intensity counts) need to be corrected for the blank, dilutions you made and how much sample you actually used.  

Net intensity* = 
[image: image1.wmf]
* note: this was erroneously called “concentration” in the instructions- my error

The equation shown here is the calculation made by the software of the instrument to derive a “net intensity” from the “intensity” values corrected for blank and internal standards (instrument “shift”). These are shown in the lower part of your output page. If you do these calculations on your own, the results should match the displayed net intensity values on the output. 

You need to correct the concentrations for the starting amount of sample, taking into account the volume added to the instrument to read relative to the total volume of your final sample (as mass), unit conversion and amount of hair sample:


The instrument calculated concentrations from net intensities using the readings from the external standards curve and it gives you concentrations as mg/L in the output. From this concentration you need to calculate concentration per unit of hair weight (g) with simple unit conversion:
· Convert to mg/ml (mg/L * 1L/1000ml) 

· Multiply by 10 because you have a total of 10ml of digested sample (10g, as mass) (this gives you total mg of metal in your whole sample)

· Divide by the mass of sample (hair) to convert your total mg metal to concentration expressed as mg/g of hair. 

***Note that mg/g is equal to ppm
      [concentration in solution (mg/L) / 1000ml/L] * 10ml 
Concentration (mg/g) =  -------------------------------------------------------------------





    sample amount (g)

3. For all hair samples, record the concentrations of the three elements that you are testing for.  Make one comparative bar graph showing these three elements in your hair sample.

Plot the mg/g calculated above in one graph: because of the difference between the essential elements and the (hopefully) very low lead levels, you may want to use a logarithmic scale for your y-axis (concentrations)

Sample graphs:

A- Linear scale graph:
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B - Log scale graph:
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4. Discuss the results plotted above.  Are these metals within the expected limits? Find expected or normal range of concentrations for these elements. 

You expect to see high Ca levels followed by Cu and at a distance by Pb. You may comment on how many fold is one metal higher (or lower) than the other, or difference from normal range (see below).

Normal ranges from report – compare your results to these:

Lead: <0.6 mg/g

Calcium: 300-1200 mg/g

Copper: 11-37 mg/g

5. Compare the results of DI water (which is the blank in the calibration; subtraction blank) and the average of the digested DI waters.  Rationalize your observation.


The two should be pretty close. It is likely that the intensity in your procedure (method) blank is higher than the intensity in the undigested (subtraction) blank. This may be because there was some trace of contamination during the digest procedure, from reagents (unlikely since they were analytical grade), glassware and other materials, your gloves, accidental transfer from stock solutions, etc…

6. Has the QC sample confirmed the validity of the external standards? Explain your answer.

Your external standards provide you with a standard curve plotted as a line graph: intensity (minus blank) (y-axis) vs. concentration, ppb (x-axis), from which you can calculate a regression line (y=a+bx). A correlation coefficient (R2) close to 1 indicates very good preparation of your external standards with points close to or on the line. 

Place your QC intensity (minus blank) reading on the y-axis and use the line to extrapolate the concentration it corresponds to (alternatively, you may use the equation of the regression line to calculate x). The extrapolated concentration of your QC should be very close to the intended final concentration of your QC standard, i.e., 0.3ppb, 0.3ppb, and 15ppb for Pb, Cu, and Ca respectively and within 10% of the concentration predicted by the external standard line. The closer it is the more valid your standards are, and therefore the whole technique and analysis (unless your QC was incorrect). 

7. With hair being a biological specimen that may have been treated with chemicals, what kind of bias can you predict in your samples?

Chemicals may have contaminated your hair externally, which means that the detected metal has not reached the hair from the systemic circulation and does not reflect internal exposure. Or they may have removed metals, or interfere with the analysis in other way.
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